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PUBLISHER'S NOTE 


The outbreak of the European War in 1939 interrupted our 
preparations for completing the third English edition based on the 
twelfth German edition of Hichter-Anschtltz, '^The Chemistry of 
the Carbon Compounds/' T. W. J. Taylor, who was in charge of the 
revision, assisted by Dr, Wilson, was forced, because of war time 
duties, to conclude liis work on the manuscript at approximately 
page 50 of the text. But we felt obliged to provide the purchasers 
of the first two volumes with a complete set, as well as to meet the 
great demand for tliis treatise. Therefore, rather than have the 
third English edition incomplete, we decided to publish a literal 
translation of Volume II, part 2, of the German text without revisions 
and additions to the literature. 

The present volume constitutes the larger portion of Volume II, 
part 2, of the corresponding German work. The section on organic 
free radicals has been shifted to the end of Volume IV, where it 
logically belongs. 

One new feature of the present English edition is that, wherever 
possible, the references are given to the original journals and not to 
Chemisches ZentralblaU, and that names of the authors have been 
added. 

We wish to express our thanks to Drs. Taylor and Wilson for the 
revision of the first part of the book, and to Dr. A. J. Mee and M. F. 
Darken for translating, editing, and checking this difficult and com¬ 
plex text. 

October, 1945 Elsevier PuBLisinNO Co., Inc. 
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AROMATIC COMPOUNDS 


As has been pointed out in the introduction (p. 21) to Volume II, 
Part I, the derivatives of benzene have characteristic properties 
which distinguish them from tlwi aliphatic compounds, and also from 
the saturated and partially unsaturated derivatives of cyclohexane. 
These benzene derivatives, which are grouped together as “aromatic 
compounds,*' are divided into the following main classes: 

I. Mononuclear aromatic compounds, benzene derivatives. 

II. Polynuclear aromatic compounds: 

A. Plienyl-benzenes. 

B. Polyphenyl-aliphatic hydrocarbons. 

C. Compounds with condensed aromatic ring systems. 

These compounds are also referred to in the introduction to Volume II, 
Part I. From each of these hydrocarbons and their homologues 
numerous derivatives of every kind are obtained, and constitute a 
wide and expanding field. 

I. MONONUCLEAR AROMATIC COMPOUNDS. 
BENZENE DERIVATIVES 

By Frank Rochussen, Arnold Weissberger, and 
Fritz Arndt, with the cooperation of W. Baker, 

D. L. Hammick, E. Hope, J. C. Smith, and T. W. J. Tayi-or 

The name “aromatic compounds*^ was originally used for sub¬ 
stances extracted from aromatic oils and resins, and distinguished 
from aliphatic substances or methane derivatives in various ways and 
in particular by a higher percentage of carbon and a characteristic 
aromatic odour. A structural formula for an aromatic compound was 
first proposed by Archibald Scott Cou'per^ who, in 1858, in a paper on 
salicylic acid (C.r. 46, 1107; Ostwald^s Klassiker, No. 183, ed. by 
R, Anschutz) represented it by the formula: 



based on the type theory. 
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BENZENE DERIVATIVES 


J. Loschmidtj in 1861, published a pamphlet, ^^Chemische Studien” 
(Vienna; OstwaUTs Klassiker, No. 190, ed. by R, Anschutz) which 
contained new graphical formulae for 368 substances, among them 
121 aromatic compounds. He was the first to regard the aromatic 
compounds as derivatives of the parent substance benzene: ^‘Ben¬ 
zene, CeHe, is in the phenyl series what marsh gas, CH4, is in the 
methyl series.^’ His graphical formulae of aromatic compounds show 
the benzene nucleus, Ce, as a separate structural clement represented 
by a large circle, while individual atoms are shown as small circles, 
e.gf., 



The representation of the benzene nucleus by a larger circle was 
not a recognition of its ring structure. Indeed Loschrnidl regarded 
the nucleus Ce as a doubled allyl nucleus, and ally! itself as trimethyl¬ 
ene: 



It cannot be inferred from these formulae that the equivalence of 
the six hydrogen atoms in benzene was recognised. 

The present views on the structure of aromatic compounds have 
their origin in the benzene theory put forward by KekuU in 1865 and 
expressed in his Text-Book of Organic Chemistry, Vol. II, p. 493 (c/. 
Ann. 137, 129) as follows; 

“I. All aromatic compounds are derived from a nucleus consisting 
of six carbon atoms, the simplest compound containing this being 
benzene, C6H6, itself. They arise by substitution of its hydrogen 
atoms by other atoms or groups (the so-called side-chains); they 
differ from the methane derivatives, and all possess the characteristic 
nature of benzene; and are to be called benzene derivatives. 

^^2. Benzene has a symmetrical structure. Each carbon atom is 
jointed to a H-atom to form a carbine group, CH. As in the case of 
polymethylene derivatives no differences can be detected between 
the several C- or H-atoms, and isomerism of benzene derivatives is 
therefore only possible when there are two or more side-chains.*^ 
(See p. 6.) 

The structure of the benzene nucleus (assuming that the same 
kind of single and double binding can occur as in the methane deriva¬ 
tives) is such that the six atoms or CH groups are alternately singly 
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and doubly bound to each other, a closed chain or ring of six carbon 
atoms being formed according to the scheme: 




w 
/ \ 


which can also be expressed as a regular hexagon. The fourth valency 
bond of each carbon atom in benzene is attached to a H«atom, and in 
its derivatives to other atoms or groups.^' 

The first of these three propositions had been enunciated, as 
mentioned above, four years earlier by Loschmidt, Unlike Loschmidt, 
however, Kekule put forward a structure for the Ce nucleus itself 
which fitted into the framework of his organic structure theory based 
on the “four affinities^’ of the carbon atom. This is expressed in the 
third of the propositions (pioted. The equivalence of the six hydrogen 
atoms in benzene (proposition 2) which at the time was becoming 
more and more clearly established was expressed graphically by 
Kekide^s formula, which gave an impetus to further experimental 
work on this point, and a lead to the investigation of aromatic com¬ 
pounds in general {Anschutz^ Ber. 45, 539). Nowadays all compounds 
containing the benzene nucleus are classed as aromatic substances, 
and the characteristic i)roperties of aromatic compounds are also 
recognised in other (classes of substances, e.g.^ members of the thiophene 
and pyridine Series (p. 5). 


Survey of the Benzene Derivatives 

The benzene derivatives are derived from benzene just as the ali¬ 
phatic compounds are derived from methane, by replacing (substi¬ 
tuting) the hydrogen atoms with other atoms or groups of atoms. 
Benzene derivatives with side-chains containing carbon can be built 
up from benzene, and can be reconverted into it by elimination of 
the side-chains. 

Benzene derivatives differ from methane derivatives in the sta¬ 
bility of the benzene nucleus. Oxidation, while destroying the side- 
chains, usually fails to attack the benzene nucleus. This is also the 
case with reduction. Under suitable conditions reduction may lead 
to the addition of hydrogen to the benzene nucleus with the foi-ma- 
tion of cyclohexane derivatives, but the ring is not ruptured. This 
addition of hydrogen shows the relation between the derivatives of 
benzene and those of cyclohexane (c/. Vol. II, p. 82). 

Most benzene derivatives which are solid at ordinary temperature crystallise 
with case, and this is a great aid in experimental work. 

According to the number of hydrogen atoms in the benzene nucleus 
which are replaced, mono-, di-, tri-, tetra-, penta-, and hexa-deriva- 
tives of benzene are obtained. 




4 


BENZENE DERIVATIVES 


The hydrogen of benzene is readily replaced by chlorine and bro¬ 
mine, by the nitro-group, NO2, and by the sulphonic acid group, 
SO,H: 

Chlorobenzenea C.H,C 1 C.H4CI, C,H,C 1 ,... .CCU 

Nitrobenzenes C,H.NOj C.HiiNOj), C,H,(N02), 

Benzenesulphonic acids 0,114(80,H), C.H,(SO,H),. 

A very characteristic reaction of benzene derivatives is the forma¬ 
tion of nitro-compounds by the direct action of nitric acid, and of sul¬ 
phonic acids by the action of sulphuric acid; paraffin hydrocarbons 
are usually unaffected by these reagents, and other aliphatic com¬ 
pounds are generally oxidised or decomposed by nitric acid. 

Reduction of the nitro-compounds gives aromatic amines such as 
aniline, CeHjNHa, phenylene diamuie, C 6 H 4 (NH 2 ) 2 , etc. 

By the action of nitrous acid on the amino-compounds aromatic dza^o-com- 
pounds are produced, a class of compounds which have but few analogues in the 
aliphatic series. 

When the hydrogen atoms of benzene are replaced by hydroxyl 
groups, phenols.are obtained: 

C.H5OH C(|H 4 ( 0 II )2 C«II,( 0 ID, 

Phenol Dihydroxy-bensen^ Trihydroxy-bensenea 

Like the tertiary alcohols the phenols contain the group C OH 
linked to carbon, and consequently cannot be oxidised to aldehydes, 
ketones, or acids. 

In the amino derivatives of benzene the basicity of an amino group directly 
attached to the ring is considerably weaker than it is in the aliphatic amines. 
Correspondingly, the hydroxyl group in the phenols is more acidic than in the 
alcohols. 

The homologous benzene hydrocarbons, saturated and unsatu¬ 
rated, are derived from benzene by the introduction of monovalent 
alkyl, olefinic, or acetylenic residues: 

CgH« C«H5 • CII, CdlLCCH,)* CeHs • CIIgCH, C.H5C3H7, etc. 

Benzene Methyl-benzene Dimethyl-benzene Ethyl-benzene Propyl-benzene 
(Toluene) (Xylene) 

CabCII^CIL CeHjC^CH, etc. 

Vinyl-benzene (Styrene) Phenyl-aoetylene 

In these hydrocarbons the benzene residue retains the characteristic 
properties of benzene. Its hydrogen atoms are easily replaced by 
halogens or the NO 2 or SOaH groups. On the other hand, the side- 
chains behave like aliphatic hydrocarbons. Their hydrogen atoms 
can be replaced by halogen, but not by the groups NO2 or SOaH by 
the action of concentrated sulphuric or nitric acids, respectively. Ac¬ 
cording as whether the halogens (or other groups) enter the benzene 
residue or a side-chain, different isomers are formed: 

Chlorotoluene CJIaClCHa Benzyl cWoride C.H,-CH,C 1 

Dicblorotoluene C,II,Cla'CHa Chloro-benzyl chloride CtHaCbCHj^l 

Benzylidene chloride 0 ,H,'CHC 1 , 
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The halogen atoina which are attached to the benzene ring are very 
firmly united, and are unable to enter into double decomposition re¬ 
actions under the same conditions as aliphatic alkyl halides (for ex¬ 
ceptions sec p. 62); on the other hand, the halogen atoms of satu¬ 
rated side-chains react just like those in aliphatic compounds. 

By the substitution of side-chain halogen by hydroxyl, the true 
alcohols of the benzene series are obtained: 


CaLCHjOH 

Bensyl alcohol 


aiLCHaCJLOH 

Ph«»nvi-ethyl alcohol 



H, 

11,011 


Toluyl alcohol 


The prhnary alcohols can V>e oxidised to aldehydes and acids: 

yCH, 

CalLCIIO CeHaCHjCHO CaHZ 

^CHO 

BeDialdehyde Phenylacetaldehyde Tolylaldehyde 

Those acids in which the CO 2 H is attached to the benzene ring can 
also be obtained by the direct introduction of carboxyl into ben¬ 
zene, or by the oxidation of homologous hydrocarbons of the benzene 
series: 


CJIrCOjK 
Benzoic acid 


c.h/ 


CH, 


^COaH 
Toluic acid 


C,H«(CO,H), 

Benzene-dicarboxylic acid 

CzHsCHaCOjH 
Phcnylacelic acid 


C,H,(C0J1), 

Benzene-tricarboxylic acid 

t 

Meaitylenic acid 


XJOiH 


la these acids, as well as in the alcohols and aldehydes, the hydrogen 
atoms of the benzene residue can be replaced by halogens, NO*, 
SO,H, OH, etc. 


General Properties of Aromatic Compounds 

The principal differences between benzene and its derivatives on 
the one hand, and saturated aliphatic compounds on the other, as 
seen from the point of view of the preparative chemist, may be briefly 
summarised again, to show what is meant by “aromatic behaviour.” 
They are: 

1. Great ease of formation and stability of the benzene ring (see 

p. 26). 

S. Hydrogen is more easily replaced when bound to a carbon atom 
in an aromatic compoimd than when linked to a carbon atom in an 
aliphatic compound. Substitution of hydrogen in the benzene 
nucleus succeeds under conditions where it would fail in the parafiBn 
series. 

5. Conversely, negative (p. 16) atoms such as the halogens, 
gen in the phenols, nitrogen in the aromatic amines and their dmva> 
tives, are more firmly bound than in the parafliin series. 

The aromatic behaviour is not constitutionally related to the ring 
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structure as such, since cyclohexane and its derivatives do not show 
it; the latter behave like paraffins. The root of the aromatic prop¬ 
erties must be the fact that each of the six carbon atoms in the ben¬ 
zene ring is linked with only three and not four atoms or groups. 

According to KekuWs formula, in which the six points of the 
hexagon are connected by alternate single and double bonds, benzene 
and its derivatives should be compared with olefins rather than with 
paraffins. Halogen atoms attached to an olefmic double bond, as in 
vinyl bromide, CH 2 :CHBr, are, indeed, nearly as firmly linked as 
in the benzene nucleus. The acid properties of the phenolic hydroxyl 
group are comparable with those of the enols, and not with those of 
the alcohols. A more general discussion of the nature of the unsatu¬ 
ration of benzene is given later (p. 18). From the practical point 
of view the differences between the two series outweigh the analogies. 
The dominating feature of the olefins is addition, not substitution. 
The olefinic double bond is, in addition, a favoured point of attack 
in oxidation, whereas when benzene derivatives with saturated side- 
chains are oxidised the contrary is usually observed; the side-chain is 
destroyed, while the benzene ring remains intact. 


Isomerism of Benzene Derivatives* 

Proof of the Equivalence of the Six Hydrogen Atoms of Benzene. 

If in benzene a hydrogen atom is replaced by another atom or group 
the product is a single compound, and isomeric mono-substituted 
compounds do not exist. There is only one chlorobenzene, one 
nitrobenzene, one aniline, one toluene, one benzoic acid, etc. Just 
as the four hydrogen atoms of methane are equivalent (Vol. I) so 
also are the six hydrogen atoms of benzene. Benzene has a sym¬ 
metrical structure. 


History, — W. Korner (Giornale di Scienzo Naturalo ed Economiche, Vol. V) 
and A. Ladenhurg (Ber. 2, 274; 7, 1784 ; 8, 1666) proved the equivalence of the 
six hydrogen atoms of benzene simultaneously and independently, in 1869. 

1. Both scientists used the conversion of the three mono-hydroxy-benzoic 
acids into one and the same plicnol, as a proof of the equivalence of the three 
positions in the benzene ring occupied by these carboxyl groups. In addition, 
Kdrner reduced the three mono-chlorobenzoic acids with sodium amalgam to one 
and the same benzoic acid. 

Ladenhurg deduced the equivalence of a fourth hydrogen atom from the con¬ 
version of phenol into bromo-benzene, and further into benzoic acid. His proof of 
the equivalence of four hydrogen atoms in benzene is illustrated by the scheme: 



a 

b 

c 

d 

e 

f 

c, 

(OH) 

H 

H 

H 

H 

H 

c, 

Br 

II 

H 

H 

H 

H 

c. 

(COJI) 

H 

H 

H 

H 

H 

c. 

(CO,H) 

OH 

H 

H 

H 

H 

c. 

(COrfI) 

H 

OH 

H 

H 

H 

c, 

(COjH) 

H 

H 

OH 

H 

H 


—>Phenol 

I Bromo-benzene 

I Benzoic acid ^ 

— I o-Hydroxy-benzoic acid 

-^m-Hydroxy-benzoic acid 

-p-Hydroxy-benzoic acid- 


* A. Ladenhurg, Theorie der aromatisohen Verbindungen, 1876. 
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Kdmer deduced the equivalence of the fourth hydrogen atom with the three 
hydrogen atoms replaced by carboxyl in the three mono-hydroxy- and the three 
monochlorobenzoic acids from the following facts: p-hydroxy-benzoic acid cor¬ 
responds to p-nitraniline (Arppe), which can be converted either into p- 
nitrochloro- or p-nitrobromo-benzene. p-Nitrochloro-benzene, by replacement of 
the nitro-group by Br gives the same p-bromochloro-benzene as is obtained by sub¬ 
stituting Cl for the nitro-group in p-nitrobromo-benzene. Hence the two H 
atoms which are replaced in p-nitranilinc by the nitro and amino group, respec¬ 
tively, are equivalent, as are also the H atoms replaced by hydroxyl and carboxyl, 
respectively, in p-hydroxy-benzoic acid: 



a 

b 

c 

d 

e 

f 








c. 

OH 

H 

H 

CO,H 

H 

H 

p-Hydroxy- 

benzoic acid 



— Cl 

NO, 

H 

H 

NH, 

H 

H 

p-Nitroaniline 













a 

b 

c 

d 

e 

f 

^c, 

NO, 

H 

H 

Cl 

II 

H 

-♦ c, 

Br 

H 

II 

Cl 

H 

H 

-♦c, 

NO, 

H 

H 

Br 

H 

H 

C, 

Cl 

H 

H 

Br 

H 

H 


This proves the equivalence of four hydrogen atoms in benzene. 

There arc, with respect to each hydrogen atom in benzene, two pairs of 
hydrogen atoms in symmetrical positions, and the substitution of either atom of a 
pair by the same atom or group of atoms leads to the same compound. Kdmer 
proved this symmetry for two hydrogen atoms as follows: the same bromo-nitro- 
o-nitro-phenol is obtained either from that nitrophenol which is volatile and can 
be converted into catechol, and therefore belongs to the same series as salicylic 
acid, by replacing two hydrogen atoms by one bromine atom and one nitro group, 
or from o-bromophenol by introducing two nitro groups: 

a 1) c d e f 

Cl on NO, H H H » b c d e f 

)fCi OH NO, H NO, H Br 
C, OH Br H II II IV 

b = f. 


Consequently there are in phenol two hydrogen atoms in symmetribal positions 
to the hydroxyl group, and it makes no difference which of them is replaced by 
bromine and which by the nitro group. Now if this is true of one pair of hydrogen 
atoms, it must be true of the other pair also, since the symmetry of the first pair is 
impossible without that of the second. Therefore all the hydrogen atoms of ben¬ 
zene are equivalent. 

The presence of two symmetrical pairs of hydrogen atoms in benzene can also 
be proved in the following way. The two different nitro-bromo-benzoic acids ob¬ 
tained by the nitration of ?Ai-broraol)cnzoic acid give the same o-amino-benzoic 
acid (Habner, Peterrnann^ Ami, 149, 129; 222, 111; Ladtiihurg^ Ber. 2, 140): 



a 

b 

c 

d 

e 

f 

c. 

CO,H 

H 

Br 

H 

H 

H 

c, 

CO,H 

NO, 

Br 

H 

H 

H 

c. 

CO,H 

H 

Br 

H 

H 

NO, 

c, 

CO,H 

NH, 

H 

H 

H 

H 

c. 

CO,H 

H 

H 

H 

H 

NH, 


Hence ab=af. 


j— m-Bromo-benzoic acid 
—>1 vfc-Bromo-o-nitro-benzoic acid* 
os-Bromo-o-nitro-benzoic acid* 

I o-Amino-benzoic acid I 

o-Amino-benzoic acid<-' 


Therefore ab * af, and b « f 


The symmetry of the second pair is shown (Wrohlevsky, Ann. 192, 213; 234, 
154) by the fact that the same m-bromotoluene is obtained from two bromine 
compounds in which Br replaces different hydrogen atoms, and therefore occupies 
symmetrical positions to the hydrogen atom replaced in toluene by methyl: ac 
ae. 


* For the significance of the indices vie- and os- see the tri-derivatives, p. 14. 
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a b e d e f 
C* CH, H H NH(COCH,) H H 
Ct CH, H Br NH(COCH,) H H 
C| CH, H Br NH, H H 
(.% CH, H Br H H H 
Ci CO2H H Br H H H 



a 

b 

c 

d 

e 

f 

-->c« 

CH, 

H 

Br NH(COCH,) NO, 

H 


CH, 

H 

Br 

H 

NO, 

H 


CH, 

H 

H 

H 

NH, 

H 

*"C, 

CH, 

H 

H 

H 

Br 

H 


When this bromotoluene is oxidised, the same tn-bromobenasoic acid is formed 
which Habner and Peterniann used as the starting material for preparing vie* and 
<w-?»-bromo-o-nitro-benzoic acid. It follows that b^mine in the second experi¬ 
ment and the amino group of the o-amino-l^nzoic acid in the first replace different 
hydrogen atoms. Hence in benzene there is not only one, but two pairs of hydro¬ 
gen atoms, which are symmetrical with respect to a fifth hydrogen atom. The 
equivalence of the six hydrogen atoms of benzene is thus proved (c/. Ladenburg, 
Ber. 10,1218). 

There is still another way of proving the symmetry of a second pair of hydrogen 
atoms, once the symmetry of the first pair is established. o-Aminobenzoic acid, 
obtained by the two methods indicated above, can be converted into the same 
salicylic acid, a hydroxy-benzoic acid. If this is nitrated, two different mono- 
nitro-salicylic acids are obtained. By heating the ethyl ethers of these two nitro- 
salicylic acids with ammonia, the ethoxyl groups can be replaced by the amido 
groups. From the nitramino-benzoic amides the free nitramino-l^nzoic acids can 
be obtained, and these are converttid by nitrous a<;id and alcohol into one and the 
same nitro-benzoic acid. This niiro-benzoic acid prepared from either of the two 
different nitro-salicylic acids gives an amino-l3enzoic acid (meta) which is differ¬ 
ent from the acid originally used as the starting material for salicylic acid, and 
which can be converted into a hydroxy-lxinzoic acid (meta) not identical with sali¬ 
cylic acid. Therefore, two more hydrogen atoms in benzene occupy symmetri¬ 
cal positions to the one which is replaced by the COaH-group: 


a b 

c 

d 

e 

f 



a b 

c 

d 

e 

f 

iC, CO 2 H NH, 

11 

H 

H 

H 

SSE 


C* 00,11 H 

II 

H 

H 

NH, 

,.C, CO 2 H OH 

11 

H 

H 

11 

s 


C, CO 2 H H 

H 

H 

H 

OH 

,.C, CO 2 H OH 

NO, 

H 

H 

H- 


— 

00,11 H 

H 

H 

NO, 

OH 

iC, CO 2 H NH, 

NO, 

H 

H 

H 



1. C, CO,H H 

H 

H 

NO, 

NH, 

..C, CO,H*H 

NO, 

H 

H 

H 

a 


L C, CO,II H 

H 

H 

NO, 

H 

iC, CO,H H 

NH, 

H 

H 

H 

n 


[C, CO,H H 

H 

H 

NH, 

H 

iC, CO,H H 

OH 

H 

H 

H 

sat 

, 

^ C, CO,H H 

H 

H 

OH 

H 


There remains only one position for the hydroxyl group in the third hydroxy- 
benzoic acid, the para-position. There is only one possible para-position in benzene. 

A very simple proof of the equivalence of the six hydrogen atoms in benzene 
has been given by Noelting (Ber. 37, 1027): 


iS* 


a 

b 

c 

d 

e 

f 






NH, 

H 

H 

H 

11 

m - 






CH, 

H 

H 

H 

H 

H 


a 

b 

c d e 

f 

CH, 

NH, 

H 

H 

H 

H-> 

—C, 

CO,H 

NH, 

H H H 

H 

CH, 

H 

NH, 

H 

H 

H-» 

-c. 

CO,H 

H 

H NH, H 

H 

CH, 

H 

H 

NH, H 

H-» 

—c. 

CO,H 

H 

H NH, H 

H 


■b»c»d. 


In amino-benzene, or aniline, the amino group is readily replaced by bromine 
and this by the CHi group by means of methyl iodide and sodium. In the toluene 
thus formed the methyl group occupies the same place as the amino group does in 
aniline. On nitration, toluene gives three isomeric nitrotoluenes, and these on re¬ 
duction give three toluidines, which by acetylation, oxidation, and elimination of 
the acetyl group can be converted into three different amino-benzoic acids. When 
these lose CO 2 , one and the same aminobenzene (aniline) is obtained from all 
three; it is identical with the starting material, and the equivalence of four 
h 3 '’drogen atoms is thus proved. 

To prove the second proposition, that two hydrogen atoms are in symmetrica) 
positions to each h 3 'drf>g^n atom, Nodiing starts with one of the nitrotoluenes just 
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mentioned; here the CH| j(roup> occupies position a. It is reduced to a toluidine, 
and from this, by the nitration of its acetyl compound and hydrolysis, four iso¬ 
meric nitro-toluidines are obtained. Removal of the amino group from each of 
these gives four nitr^)toluenes. Two of tiiese are found to be identical with one 
another, and a third is identical with the nitrotoluene used as a starting material. 
Hence, the symmetrical positions of two pairs of hydrogen atoms is proved. 

abode f 
|C« CH, NO, H H H 

'*' 0, CH, NH, H H II H I 

-♦C, CII, NH, H H H NO,-*l 

->C, CH, NH, H H NO, H —, a b c d e f 

-♦C, CH, Nil, NO, H H H-Uc, CH, H NO, H H H 

-^C, CH, NH, H NO, H H-^C, CH, H H NO, H H 

ab»af ac*«ae. 

Therefore, the six hydrogen atoms of benzene are ecjuivalent; two 
pairs of hydrogen atoms are symmetrically placed with respect to each 
hydrogen atom, and consequently, a di-sul)stitution product of ben¬ 
zene can exist only in three modifications. 

Determination of the Positions of Substituents in Benzene 

Derivatives 

The equivalence of the six hy<lrogen atoms of benzene is expressed 
by the hexagon formula. The way in which the carbon atoms fonn- 
ing the ring are united to one another will be discussed later. It is 
obvious that a di-derivative, C«H4X2, obtained by substituting two 
hydrogen atoms, 


1 



4 


can exist in three modifications, and that their isomerism is deter¬ 
mined by the position relative to each other of the two groups which 
enter the ring. This kind of isomerism is called position isomerism 
(Vol. I). The three isomers are known for most of the disubstituted 
benzenes, and in no case are more than three isomers known. Thus, 
there are three: 



Dihydroity- Bromonitro> Phenylene- Nitrophenols 

bensenes ^ bensenat diamines 


yCH, yCO,H yCOtH 

CJI< CJI< cai.< 

N3 h. \ch, x:o,h 


Hydroxybenaoie 

aoida 


Xylenes 


Toluio acids 


Phthalie acids 


Each of the three isomers of these compounds can be converted into 
the corresponding isomer of the others. If, therefore, the relative 
positions of the substituting atoms or groups is known for the three 
isomers in one case, the configurations are known of all the other sets 
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of isomers into which the first set can be converted, provided 6 > (* 
reactions used for the conversions do not involve any rearrangci. 
of the groups in the molecule. For several disubstitution products 
the relative positions of the substituting groups have been established, 
in the three dibromobenzenes, the three diaminobenzenes, and 
the three phthalic acids. These provide a basis upon which other 
disubstitution products can be arranged in three scries, which are 
called the ortho-y the meta^ and the para-series. 

In the ortho-compounds two adjacent hydrogen atoms of benzene 
are' replaced. If the six hydrogen atoms are indicated by numbers, 
one of them being arbitrarily called 1, it is clear that there are two 
ortho-positions, the 1,2 and the 1,6, since positions 2 and 6 are S 5 an- 
metrical with respect to 1. The meta-compounds are obtained by 
substituting the hydrogen atoms 1,3 or 1,5. The 3 and 5 positions are 
,symmetrical with respect to 1. The para-compounds are obtained 
when the hydrogen atoms 1 and 4 arc replaced. Hence two equiva¬ 
lent positions 2 and 6 are available for ortho-substitution, and 3 and 
5 for meta-substitution, but only one, viz., 4 for para-substitution. 

The relative positions of the substituting groups in di-derivatives 
are indicated either by prefixing ortho-, meta-, or para- to the name 
of the compound, abbreviated to o-, m-, and p-, respectively, or by 
prefixing the numbers, 1,2-, 1,3-, and 1,4-. In graphic formulae the 
benzene ring is written as a hexagon, and the atoms or groups attached 
to it are written at its corners. When writing ordinary formulae it 
is sometimes convenient to indicate the positions of substituting 
groups by numbers inserted between the benzene residue and the 
groups: 


OH 


HI 


[ 21011 ^ 


Catechol 

o-Dihydroxybenzene 
1,2>Dihydroxy ben zone 


OH 



OH 


niioH. 

-Uli4j[3]OH» 


ReBorcinol 

m-Dihydroxybenzenc 
1,3-Dihydroxybenzene 




OH 

OH 


Uvdroquinone 

p-Dihydroxybenzene 

1,4-Dihydroxybenzene 


The following are important representatives of the three isomeric 


series: 




yOH 

C,H4< 

Ortho, 1,2 

Meta, 1.3 

Para, 1,4 

Salicylic acid 

?a-Hydroxybenzoic acid 

p-Hydroxybenzoic acid 

/CH, 

C,H4< 

Njh, 

c-Xylene 

m-Xylene 

p-Xylene 

XiOSEL 

CJI< 

xjOjH 

Phthalic acid 

Isophthalio acid 

Terephtbalic acid 


Determinatioii of the Position of Substituents in di-Derivatives. The hexago¬ 
nal formula of benzene predicts two chemically identical ortho-, two chemicidly 
identical meta-, and one para-derivative, if the mode of linking of the six carbon 
atoms in the ring is disregarded for the moment. 
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>f was the first to indicate an experimental method for determining the 
wif* positions of the substituents in the substitution products of benzene. 
.. fic pointed out that a trihydroxybenzcne which could be obtained from 
iiAKAi of the three isomeric dihydroxybenzenes, all of which were known at the 
time, must necessarily be the 1,3,4-trihydroxy benzene (Bull. Acad. Roy. Belg. 
[2], 24, 166). As the conversion of dihydroxy- into trihydroxy benzene proved to 
be difficult, Korner (1874) used in their place the dibromobenzenes, and by conver¬ 
ting them into tribromobonzenes established their absolute configurations (Gazz. 4 . 
30^. He nitrated the three dibromobenzenes; the first gave two, the second 
three (p. 63) and the third one mono-nitro-dibromobenzene. He reduced the 
six mononitro-dibromobenzenes to monoamino-dibromobenzenes and converted 
the latter into the three tribromo-benzenes. Korner showed that by this sequence of 
reactions the first dibromobenzcnc gave two different tribromobenzenes, the sec¬ 
ond tliree, but the third only one. Assuming the hexagonal arrangement of atoms 
in benzene, Korner concluded that the first dibromobenzene had its two bronze 
atoms in the ortho-, the second in the meta-, and the third in the para-position. 
From this, the absolute configuration of the bromine atoms in the three tribromo- 
benzenes and the constitution of the six mononitro-dibromobenzenes followed. 
The argument is illustrated by the following scheme, in which the H atoms and 
the double bonds are not shown: 



What may bo described ns the converse of this argument was used by P. Griess 
(Ber. 5, 192; 7,1223) for tin* phenylene-diamines. There are six diaminobenzoic 
acids; two of these acids give the same phenylene-diamine on loss of CO 2 ; this 
must be th(j ortho-compound. Another phenyleiie diamine is formed from three 
of the acids and must be the meta-compound, while the third phenylene diamine 
is obtained from only one of the acids, and hence must be the para-compound. 
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The configurations of benzene derivatives with side-chains were established by 
converting them into bcnzene-carbf)xyljc acids. The configurations of the three 
benzene-dicarboxylic acids, or phthalic acids, were settled by Graehe (Ber. 4 , 
601) in the following way. The phthalh* acid obtained by the oxidation of 
naphthalene is the 1,2- or o-benzene dicarboxylic acid, because naphthalene con¬ 
sists of two benzene rings which share two adjacent C atoms. On oxidation of 
nitro-naphthalene, nitro-o-phthalic acid is formed, which can be converted into 
phthalic acid; on oxidation of amino-naphthalene obtained by reduction of nitro- 
naphthalene, o-phthalic acid is lormtid. In the first case one of the benzene rings 
in naphthalene is destroyed by the oxidation, in the second the other. This proves 
the constitution of naphtlialene, and at the same time phthalic acid is shown to 
be the o-dicarboxylic acid of benzene: 


n()2 h no. 



Naphthalene-*Ci«Hi a-Amino-naphthnlene Benxene-o-rlicarboxyho acid 

Phthahc acid 

Isophthalic acid is benzene m-dicarbox>ii<^ acid, since it is the oxidation product 
of w-xylene; the latter is m-dimethyl benzene, as proved by its formation from 
mesitylenic acid, the first oxidation product of mesitylene or 1,3,5-trimethyl- 
berizcne: 



H 


CAU 


CO,H 


VCO,H 



Mesitylene Mesitylenic acid 

1,3,5-Trimethyl- 
benzene 


w-Xylene 
1,3-Dimethyl- 
benzene 


Isophthalic acid 
Benzene 1,3-dicar- 
bozylio acid 


Jjodenharg proved that mesitylene wan 1,.3,5-trimethyl-benzene by showing 
that the thri^i hydrogen atoms of mesitylene which are not replaced by methyl 
groups are all equivalent (Ann. 179, 174): 



a 

b 

c 





0.(CH,), 

H 

ll 

H 






NO, 

NO, 

H 


a 

b 

c 


NO, 

NH, 


NO, 

H 

H 

NO, 

NHCOCH, 

H , 


NH, 

H 

H 


NO 2 

NHCX)CH, 

NO, 


NHCOCH, 

H 

H 

C.(CH,), 

NO, 

NH, 

NO, 


NHCOCH, 

NO, 

H 

C,(CH.), 

NO, 

H 

NO, J 

C<(CH,), 

NH, 

NO, 

H 


bs*c a«b 


a be 

or Os(CHa), NHCOCH, H NO, 
oriC,(CH,), NH, H NO, 


a*c 
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The course of the argument can be followed from the above scheme. Mesity- 
lene gives dinitro-mesitylene, in which two hydrogen atoms, say, a and b, are 
replaced. This is succesaiveljr converted into nitro-aniino-, nitro-acetamino- 
dinitro-acetamino-, dinitro-amino-, and dinitro-mesitylene; the last is identical 
with the starting material, and therefore b and c are equivalent. The nitro-amino- 
mesitylene in which the amino-group is, say, in the position b, gives mononitro-, 
mono-amino-, mono-acetamino-, mono-acetamino-nitro-, and finally mono- 
amino-nitro-mesitylene, identical with the nitro-amino-mcsitylene obtained in the 
first reduction of dinitro-mesitylene. Therefore a and b, or a and c, are equivalent; 
but b and c have been shown to be equivalent; hence the equivalence of the 
three hydrogen atoms of mesitylene which are not substituted by methyl is proved. 
Mesitylene must l>e symmetrical, and its methyl groups occupy the positions 
1,3,5. 

For the third benzene-dicarboxylic acid, terephthalic acid, there is only one 
possibility left. It must be the para-compound. This is confirmed by the follow¬ 
ing facts. Terephthalic acid is obtained from p-dimethyl-benzene, and this 
from p-bromotoluene by the action of methyl iodide and sodium. p-Bromotoluene 
gives p-bromobenzoic acid on oxidation. The latter belongs to the same class as 
p-hydroxybenzoic acid, since both are obtained from one and the same p-amino- 
benzoic acid by means of diazo-reactions. Now it has already been proved (p. 
8) that in p-hydroxybenzoic acid the hydroxyl group has replaced a hydrogen 
atom which is not equivalent to any of the remaining four nuclear hydrogen atoms 
in benzoic acid. 

The three phthalic acids can be related ip the disubstitution products of ben¬ 
zene in which the substituents do not contain carbon. The three dinitrobenzenes 
can be converted into nitro-amino-, bromonitro-, bromo-amino-, and dibromo- 
benzenes on the one hand, and into nitrocyano-, nitrocarboxylic-, aminocar- 
boxylic-, cyanocarboxylic-, and phthalic acids on the other hand, and intramolecu¬ 
lar rearrangement of substituents has never been observed in these reactions 
(Sandmeyeff Bcr. 18, 1492, 1496): 



A further proof is furnished by the derivatives of tlie three isomeric xylenes. 
m-Xylene gives three nitro-xylenes, three xvlidenes, and three ^lenols; o- 
xylene gives two compounds of each of these typ<»s, and p-xylenc gives only one 
nitro-xylene. Hence it follows that m-xylene and isophthalic acid, its oxidation 
product, are the 1,3-compounds, o-xylene and phthalic acid the 1,2-compoimda, 
and p-xylene and terephthalic acid the l,4-<!ompounds {Noelting^ Ber. 18,2687). 

That in the ortho-compounds the substituents are, in fac*t, attached to two ad¬ 
jacent carbon atoms of the ring is further shown by the fact that with these com¬ 
pounds simple reactions often take place very readily in which the products con¬ 
tain a new ring forme<i by union of the substituents, and are carbocyclic or, more 
frequently^ heterocyclic compounds, (see o-phenylene diamine, o-aminophcnol, 
o-aminothiophenol, o-aminobeuzaldchyde, o-phthalic acid, o-hydroxycimiamic 
acid, etc.). The conclusions drawn from these older arguments about the con¬ 
figurations of the substitution products of benzene are confirmed by the more 
recent crystallographic analysis of the molecular structure of certain of them, 
e.g., resorcinol (1,3-dihydroxybenzene) {fiohertsoriy Proc. Roy. Soc, A 157, 79). 

Isomerism of the poly-Substitution Products of Benzene. When 
three or more hydrogen atoms of benzene are replaced two cases 
must be distinguished: the substituents are either all the same or 
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difterent. In the first case compounds with three substituents, such 
as C 6 H 3 (CH 3 ) 3 , can exist in three isomeric forms, with the substituents 
in the positions 1 , 2 , 3 , 1,2,4, and 1,3,5. The isomers are best dis¬ 
tinguished by prefixing these sets of numbers before the name, but 
an older method is to use the prefixes vie (= vicinal), as (= asym¬ 
metric) and s or s^m (= symmetrical) for the three isomers. In 
tetrasubstituted compounds with four identical substituents there 
are again three possibilities: 1 , 2 , 3 ,4, 1,2,4,5, and 1,2,3,5. 

With five or six identical substituents only one modification is 
possible: there is one pentachlorobenzene, CrHCU, and one hexa- 
chlorobenzcnc, CeCle. 

If the substituent grou])s are not identical, the number of possible 
isomers is much greater. It can easily be dc'duced from the hex¬ 
agonal stnicture. Thus tin* formula for dinitrobenzoic acid, CeHa- 
(N 02 ) 2 C 00 H, requires the existence of six isomers: 1,2,3, 1,2,4, 
1,2,5, 1,2,6, 1,3,4, and 1,3,5, where the carboxyl group is assigned the 
position 1 . 

The constitution of benzene poly-substitution products is deduced 
from their relationship to di-substitution products of known structure. 

Substitution Rules 

Formation of di-Substitution Products. When benzene or toluene 
is chlorinated or brominated and when the mono-halogeno-benzenes 
are nitrated or sulphonated, the products are almost entirely the 
para- and oWAo-cornpounds; when, on the other hand, benzene or 
nitrobenzene is nitrated energetically, r/i-diuitrobenzene is the prin¬ 
cipal product. Phenol and aniline behave like toluene, giving p- 
and o-^i-derivatives, while 7 n-compounds are the chief products from 
benzenesulphonic acid, CeHeSOsH, benzoic acid, C 6 H 5 COOH, benz- 
aldehyde, CeHeCHO, benzonitrile, CeHsCN, acetophenom^, CeHs- 
COCHs, and other compounds with an acyl group attached to the 
benzene ring. As can be seen from these examples the substituent 
already present in the ring exerts a controlling influence on the 
position at which subsequent substitution takes place. The nature 
of the entering group, the new substituent, is of no importance; th(' 
position it takes up is determined by the nature of the group alr(‘ad 3 »' 
attached to the ring. Chlorobenzene gives on nitration chiefly p- 
nitrochlorobenzene, but nitrobenzene on chlorination gives mainly 
/a-nitrochlorobenzene. The first substituent obviously exerts a 
selective influence on the non-substituted positions. According to 
the nature of this influence substituents are classified as of the first 
or second class. 

I. Substituents of the first class usually facilitate substitution 
in the ortho- and para-positions (exceptions, see p.' 22). They 
direct to these positions and substitution is easier than in benzene 
itself. Alkyl groups, the halogens, OH, OR, NH 2 , NR 2 , SR, c/lc., are 
substituents of the first class. 

Substituents of the second class hinder substitution in the 
ortho- and para-positions. They direct to the meta-position and 
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make substitution, in general, more difficult. Such substituents are 
NO 2 , COOH, CN, CHO, COR, SO 2 OH, SO 2 R, etc. 

The reasons underlying these simple generalisations, which cover 
the greater part of all that has been observed in benzene substitu¬ 
tion, are bound up with the nature of the benzene ring itself, and are 
more easily discussed in a later section (p. 21). Before these reasons 
were understood various rules were proposed which attempted to 
summarise the allotment of the various groups to the two classes, and 
to link up that allotment with some other property of the groups. 
These rules are nowadays only of historical interest, since it is now 
clear that the phenomena are more complex than can be compressed 
into a simple rule. Examples of such rules are: 

Crum Broivn and Gibson's rule: If the hydrogen compound of the atom or 
radical which forms the substituent already present can be oxidised directly, 
i.e., in one operation, to the corresponding hydroxy-compound, then, on substitu¬ 
tion, ortho- and para-derivatives will be formed; otherwise meta-derivatives 
(J. 1892, 61, 367). 

Hammick and Illingworth's rule (J. 1930, 2358): If, in the benzene derivative 
CeHs-XY, Y is in a higher group of the periodic table than X, or if, being in the 
same group, Y is of lower atomic weight than X^ then XY is a substituent of the 
second class. All other substituents, including single atoms, are of the first class. 

Vorldnder's rule (Ber. 52,268) is of the same type as that of Hammick^ and both 
break down in certain cases. 

While the generalisations given above apply to the main product 
formed in su&titution reactions, it must be remembered that in all 
cases all three isomers are formed, but usually one or two of them in 
small proportion. This proportion is often so small that the presence 
of the isomer can only be established by special methods. The most 
valuable contributions to our knowledge in this field were made by 
Holleman and his school. 

All that has been said so far applies to the ordinary reactions 
which are described as substitution reactions, i.e., nitration, halo- 
genation, sulphonation, and the coupling reaction of amines and 
phenols with aromatic diazo compounds. In certain less common 
reactions, however, the directing effect of groups attached to the 
ring is the opposite to that given above; for example, when nitro¬ 
benzene is heated with caustic potash the product is o-nitrophenol 
and not the meta-compound (Wohlj Ber, 32, 3486; 34, 2444). Sub¬ 
stituting reagents can, in fact, be divided into two classes; one of 
these includes the more common reagents, such as HNO3, Br2, H2SO4, 
and these are called cationoid reagents because they resemble active 
cations or are indeed cations, such as PhN 2 +, and the other the anion- 
oid class, contains the active anions, such as OH~ and CN*^. The 
reasons for the difference in place of attack of these two classes is 
given in greater detail on p. 22. 

Formation of tri-Derivatives. When a di-derivative is further 
substituted, the directing effects of the two existing substituents are 
superimposed (see Holleman^ ‘^Die direkte Einfuhrung von Substi- 
tuenten in den Benzolkem,’’ Veit, Leipzig). In 1,2- and 1,4-deriva- 
tives, one substituent of the first and one of the second class com¬ 
bine to direct a third substituent into the 0 - and p-positions with 
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respect to the first, and into the m-position with respect to the 
second; from the 1,4-di-derivative the 1,2,4-tri-derivative is formed 
almost exclusively, while from the 1,2-di-derivative the 1,2,4-, and, 
in some cases, the l,2,fi-tri-<lerivative is formed. Wlien, on the 
other hand, both substituents in an o- or p-derivative are of the first 
class, their directing* influences act in opposite directions, and the 
effect of the stronger predominates. The strongest groups direct¬ 
ing into 0 - and p- are Oil and NH 2 , the halogens are weaker, and 
the alkyl groups weakest. In meta-di-derivatives substituents of 
the same class act together. If of the first class they join forces to 
direct to positions 2, 4, or 6, and several position isomeric tri-deriva¬ 
tives are formed. If they are of the second class, they direct 
jointly to the 5 position, and the symmetrical l,«3,5-(lerivative is the 
only product. 

Formation of tetra-Derivatives. With three substituents attached 
to the ring, the superimposition of their directing effects can, 
of course, lead to more complicated results. The importance of the 
strength of a directing group is shown in a simple example. When 
phenol is vigorously nitrated 2,4,6-trmitrophenol is formed, owing to 
the combined e- and p-directive influence of the hydroxyl group and 
the w-directive effect of the nitro-groups which first enter. When 
phenol or aniline is brominated the bromine atoms which enter direct 
to 0 - and p-positions relative to themselves, that is to say, to the 3 and 
5 {)ositions, and yet 2,4,6-tribromophenol or -aniline is formed owing 
to the dominating influence of the strong OH or NH 2 groups. 

Structure of the Benzene Nucleus"^ 

KekuU^s benzene theory involved the assumption that the benzene 
molecule contains six carbon atoms linked together to form a regular 
hexagon. This assumption found full support from the chemical 
evidence which has been given above and of which the more impor¬ 
tant parts are the correct prediction of the number of isomeric sub¬ 
stitution products and the demonstration of the equivalence of the 
six hydrogen atoms in the benzene molecule. That a six-membered 
ring is present was shown later by the conversion of benzene into 
cyclohexane and the converse transformation, an example being 
the experiments of Willstdtter and Hail (Ber. 45, 1464) in which 
cyclohexanol was subjected to operations which introduce a double 
bond into the ring: after three such steps the product was benzene; 
this evidence is, of course, no support for the assumption that the 
hexagon is regular. 

What was clearly needed next was some explanation of the way in 
which the six carbon atoms are united to one another, and this re¬ 
mained for many years the great problem. KekvU postulated alter¬ 
nate double and single bonds between the atoms, so that each atom 


* Because of the recent profound change in outlook on this classical problem 
of organic chemistry, I have found it necessary to rewrite the whole of this 
section myself. T. W. J. T. 



STRUCTURE OF THE BENZENE NUCLEUS 


17 


was shown as tetravalent, and this was undoubtedly the best assump¬ 
tion that could be made at the time, and it could be extended to all 
the other known aromatic systems such as the polycyclic compounds 
(naphthalene, phenanthrene, etc.) and the hetOTOcyclic aromatic 
compounds (pyridine, quinoline, etc.). It was, however, by no 
means satisfactory. As has been pointed out already, benzene 
does not show the same kind of unsaturation that is typical of double 
bonds in the olefins; it is unsaturated, since it can be reduced on 
active catalysts to cyclohexane, it will take up chlorine or bromine 
to form hexahalides, but only when the halogen has been activated 
by illumination, and it will combine with ozone, but the sluggishness 
of these addition reactions, and, above all, its great resistance to 
oxidation, show that if benzene is said to contain three double bonds, 
they must be assigned quite different properties from those in olefinic 
compounds. A further difficulty was that this postulate in its simple 
form does not account for the equivalence of tlxe hydrogen atoms in 
benzene; in fact, it does not imply that the hexagon is regular. 
At its face value it implies that there should be two different ortho¬ 
derivatives, the 1,2 and the 1,6 compounds, in one of which the two 
carbon atoms carrying substituents are united by a single bond, and 
in the other by a double bond. KekuU overcame this second diffi¬ 
culty by the assumption that in some Avay the double bonds oscillated 
so that their exact position could not be defined, but this was in itself 
as assumption of an entirely different and new kind for which no 
direct experimental evidence could at that time be put forward. 

These difficulties led to a large number of new’^ proposals for the 
structure of the benzene nucleus. None of these was satisfactory or 
received universal consent, and the reason lay in the fact that at that 
time there was not, on the one hand, sufficient theoretical knowledge 
of the mechanism of the linking of atoms, nor, on the other, had 
experimental methods been developed which could throw new light 
into the dark recesses of the problem of aromatic structure in general. 

There is no need to discuss these proposals in any detail. They 
can be divided into two class()s. In the first, the hexagonal structure 
of the benzene molecule was thrown overboard and other possibilities 
advanced: an example is the triangular prism model of Laderiburg 
(Ber. 2,141,272). Since nowadays we have direct and overwhelming 
evidence of the truth of the reg\ilar hexagonal structure, such pro¬ 
posals have only a historical interest. In the second class the 
hexagonal structure was retained and the proposals were restricted 
to the method of linking between the six carbon atoms. Some of 
them were valuable in that they emphasised points of analogy between 
the aromatic compounds and certain types of non-aromatic com¬ 
pounds : an example is a paper by Thiele (Ann. 306,125) of which the 
essence can be put as follows. An aliphatic chain consisting of alter¬ 
nate single and double bonds (a ‘^conjugated'’ system) is known to 
exhibit certain properties not normal to isolated double bonds, or to 
double bonds separated by more than one single bond; now benzene 
on the Kekul4 formula is such a system with the addition that the 
chain is joined up to make a ring, and thus the conjugation extends 
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all round the ring (a ‘^closed conjugated system^'). Hence it is not 
surprising that the double bonds of KekuWs postulate do not behave 
like ordinary isolated double bonds. Other suggestions of this class 
were not so illuminating; examples are the centric formula of Claus 
(Theoretische Betrachtungen und deren Anwendungen zur Sys- 
temp,tik der organischen Chemie, Freiburg, 1867) and that suggested 
by Armstrong (J. 51, 264, footnote) and supported by Baeyer 
(e.g., Ann. 269, 188). In such proposals formulae were advanced 
in which one of the four valencies of each of the carbon atoms was 
shown linked in a manner entirely different from that used in the for¬ 
mulation of any other compound. Such formulae were in reality 
little more than a confession that the problem remained unsolved; 
a valency bond drawn between two atoms had a precise significance, 
but a valency bond drawn towards the centre of a hexagon implied 
nothing precise, but was only a visual presentation of the fact that 
with the knowledge then available no further progress could be made. 
It may be said that some of these proposals, and especially that of 
Thielef contained the germ of what we consider today to be the solu¬ 
tion of the problem. This is true much to the same extent that cer¬ 
tain of the ancient Greek philosophers can be given the credit of 
establishing the atomic theory of matter. In both instances there 
was an urgent problem and during its discussion many suggestions 
were put forward, and some of these were rudimentary forms of what 
was later held to be the solution; but in neither case was there 
sufficient practical or theoretical knowledge for accurate discrimina¬ 
tion between the alternatives. 

The most important advance in experimental knowledge which 
has removed most uncertainty in the problem of the structure of 
benzene and the other aromatic compounds is the development of 
methods by which the positions of atoms in a molecule and the dis¬ 
tances between them can be measured with high accuracy. These 
methods are of very different types, the most important being the 
full analysis of the crystalline structure of compounds in the solid 
state by the observed diffraction of X-rays, the diffraction of elec¬ 
trons by compounds in the gaseous state, and the interpretation of 
the band spectra of molecules; they have survived rigid testing 
and the results they give are in close agreement. The knowledge 
derived from these methods removes much uncertainty in the prob¬ 
lem: the actual shape of the whole of the benzene molecule is now 
known with high accuracy, and some of the earlier suggestions can 
be ruled out without any hesitation. Further, it is now realised that 
the distance between two atoms which are chemically linked is of 
great importance for disclosing the nature of the link. Hence the 
results of these methods are direct evidence that the link which 
joins the carbon atoms in benzene is hot identical either with the 
single C—C link in ethane, or with the link C==C in ethylene. The 
existence of a link different from either of these had not, of course, 
been established in KekuU^s time. 

More important, perhaps, has been the advance on the theoretical 
side. There is now some knowledge of the mechanism of chemical 
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linking; the union of two atoms by a chemical bond is known to be 
due to the interaction of the valency electrons of the atoms, and the 
types of interaction are known, and the quantitative laws which 
govern it are known to be those of the general system of quantum 
mechanics. It had been realised for many years that a chemical 
link had something to do with the valency electrons and electronic 
formulae for benzene had been put forward, e.g., by J. J. Thomson 
(Phil, Mag. 1914, 27, 784), but until comparatively recently such 
formulae had no real significance because the quantitative laws 
governing the interaction were unknown. It is impossible to sum¬ 
marise in this place the present state of knowledge in this field; the 
reader can be referred to the simple and ch^ar account of the subject 
given by Pauling in his book, “The Nature of the Chemical Bond’’ 
(Cornell University Press, 1939). One general principle emerging 
from quantum mechanics is, however, of great importance for the 
immediate purpose, and must be mentioned here. This is the con¬ 
cept of resonance, which was first introduced by Heisenberg in 1926 
(Z. Physik, 39, 499). This concept, which is a necessary conse¬ 
quence of the laws of quantum mechanics, is an addition of an en¬ 
tirely new kind to the classical theories of valency and provides the 
solution to the benzene problem. The reason why that problem 
remained unsolved for so long was because the classical theories, 
without this addition, were completely incapable of dealing with it. 
The principle of resonance (also called mesomcrism) can be put into 
words as follows: If there is a molecule for which two or more formu¬ 
lae can be written, and the structures implied by the formulae do not 
differ much in energy content and not at all in the relative positions 
of the atomic nuclei but only in the positions of their electrons, 
then the actual structure of the molecule will not be any one of the 
formulae which can be written, but will be a “mixture” of all the 
possible structures, and, most important of all, its energy content 
will be smaller than that of any of the structures which can be thought 
of as contributing to the actual structure. Such a molecule can 
be described as a resonance-hybrid, and it will be more stable than 
any of the structures written because of this lower energy content. 
A substance composed of molecules of this kind must not be thought 
of as being a mixture of different kinds of molecules; such mixtures 
are known and this phenomenon is tautomerism. With a resonance 
hybrid all the molecules are alike and it is impossible to represent 
them by one single formula if the classical symbols are used. The 
existence of resonance in any given case can sometimes be inferred 
from the properties and stability of the compound, but is best estab¬ 
lished by quantitative measurement of the energy of the molecule, 
a lower energy than that expected indicating resonance directly, or 
by measuring the distances between the atomic centres in the mole¬ 
cule. The lengths of many normal bonds are known with accuracy; 
in most resonance hybrids the bondfs are not normal, but hybrids 
between bonds of various kinds. It is known experimentally that 
the lengths of hybrid bonds are intermediate between those of the 
bonds of which they are compounded. Hence, measurements of 



20 


BENZENE DERIVATIVES 


bond length and its comparison with the known nonnal lengths dis¬ 
close the hybrid nature of the bond. 

The shape and size of the benzene ring are known with high ac¬ 
curacy from the study of the electron diffraction of benzene vapour 
(Pauling and Brochvay, J. Chem. Phys. 2, 867), from the X-ray dif¬ 
fraction of many crystalline benzene derivatives (see e.g., Robertson 
and Woodward, Proc. Roy. Soc. A 162, 568; J. 1937, 219), and from 
extensive spectroscopic investigation of benzene and all the possible 
compounds obtained by substituting deuterium for hydrogen in 
benzene (for references see Ann. Rep. Chem. Soc. 1938, 34, 200). 
It is a regular plane hexagon, and the length of each side is 1.390 db 
0.005 A. The distance between linked carbon atoms in all the 
paraffins and cycloparaffins, and also in the diamond, is 1.54 A., and 
between doubly bound carbon atoms in ethylene and its derivatives 
is 1.34 A. Hence the six bonds of the benzene ring are all alike and 
are hybrids in which double and single bonds are the main com¬ 
ponents. The benzene ring is thus a resonance hybrid and no single 
classical formula can be written to represent it. This conclusion is 
obvious once the existence of resonance has been realised. Using 
the classical symbols we can write for benzene two Kekuld formulae 
(I and II) and three Dewar formulae (III, IV, and V). The first 



(1) (H) (III) (IV) (V) 


two will have exactly the same energy, and hence there must be 
resonance between them, and the last three will have a higher energy, 
but must contribute to a small extent to the molecule which is a 
resonance hybrid. A further necessary consequence is that the 
energy content of the actual molecule must be lower than that of the 
component structures: the actual molecule must have a smaller 
energy content than the two Kekul^ structures (I and II) and hence 
be more stable than them. This is the explanation of the fact, so 
puzzling on the older view, that benzene is so stable in spite of its 
apparently unsaturated nature. This point is best shown by the 
quantitative measurements of the heat evolved on reduction of 
double bonds in various compounds (Kistiakowsky and co-workers, 
Am. 57, 65, 876; 58,137, 146; 59,831). The data important for the 
present purpose are given in the table on page 21. 

From these it can be seen that in the olefins (one double bond) 
the heat effect is much the same, though substitution of hydrogen 
atoms on the doubly bound carbon atoms by alkyl residues reduces 
it by 2‘-3 kg.-cals. Cyclohexene has the same value as m-A*- 
butene in which the double bond is similarly situated. With two 
double bonds in a chain the heat is twice that for one double bond 
if the double bonds are not conjugated (comparison of penta- 
diene with A^-butene). If they are conjugated, as in butadiene, the 
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heat effect is 3.6 kg.-cals. less; in other words, the molecule contains 
this amount of energy less, and can be said to be stabilised to thw 
extent. This is the resonance stabilisation of conjugated double 
bonds. Cyclohexadiene with conjugated double bonds is the same 
as the aliphatic conjugated compound if allowance is made for the 
substitution. Benzene, however, is completely different; if it is 

Heat Evolved (Ko.-Cals.) on Addition of Hydrogen to 1 Gm. Mol. at 82® 


Etliyleiie 
A ^-Butene 
CIS- A*-Butene 
Cyclohexerie 


A''*-Penladieiie 

A^**-Butadieiie 

A ^' *-Cyclohexadierie 


Benzene 


Addition of II2 
CILiCH^ 
CHaiCnCHsMe 
CHMe:CHMe 


Adfiilion of 

(TIa:CH-CHa-CH:CHa 

CH2:CHCH:CH2 

CHiCHCH.CH-, 

«-(CHa)r-^ 

Additi/m of SH2 


32.58 0.05 
30.34 =*» 0 06 
28.57 =*= 0.06 

28.59 0.10 


60.79 0.15 
57.07 0.15 
55.37 =*= 0.10 


49.80 0.15 


allotted three double bonds (Kekul6 formula) the heat of hydrogena¬ 
tion should be three times that of cyclohexane, t.e., 85.77 kg.-cals., 
while it is in fact 36 kg.-cals. less than this. This is the clearest ex¬ 
perimental demonstration of the truth of the resonance stabilisation 
of a molecule such as benzene. The results can be used in another 
way. By subtraction we can find the energy change on hydrogenat¬ 
ing benzene in stages to cyclohexane. 

Benzene —> cyclohexadiene -h 5 66 kg.-cals. energy absorbed. 

Cyclohexadienecyclohexene —26 8 kg.-cals. energy evolved. 

Cyclohexene—> cyclohexane —28.6 kg.-cal«. energy evolved. 

The endothermic first stage shows the high stability of the benzene 
system in which there is resonance between two structures of identical 
energy. Considerations similar to these can be used in all aromatic 
systems (see Pauling, op, cit,) and it can be said that the problem of 
the structure of benzene has been solved. 

Substitution in the Benzene Nucleus 

There remains the question of the reasons for the substitution 
phenomena which have been described above. Here there has also 
been much advance and the main parts of the problem can be re¬ 
garded as settled, although there is not the quantitative knowledge 
which is available in the case of the problem just discussed. The ad¬ 
vances have been due to the work of many, including Robinson, 
Ingold, Lapworth, and Lucas, 


* For fuller discussion see H. B, Watson, "Modem Theories of Organic Chem¬ 
istry,” OxfoFiJ, 1937, p. 45 et seq. 
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The first point now realised is that substituting reagents must be 
divided into two classes (Robinsony Outline of an Electrochemical 
Theory of the Course of Organic Reactions/' Inst, of Chemistry, 
London, 1932). The first class includes those reagents encountered 
in the more usual substitution reactions, and are those dealt with in 
the classical orientation rules. It contains reactive cations, such as 
the diazonium ion in coupling reactions (p. 125), acids such as nitric 
and sulphuric acids, the halogens and the alkyl halides. These are 
called cationoid (electrophilic) reagents, and the common term be¬ 
tween them is that the radical which becomes attached to the ring 
is either a cation or approximates to a cation in that the other radical 
with which in combination it forms the substituting reagent is an 
anion or tends to be. Thus, with bromine the other product of sub¬ 
stitution is HBr in which the bromine is an anion; hence the bromine 
which has entered the ring is cationoid. The second class of sub¬ 
stituting reagents is the anionoid class, where the actual reagent is 
an anion, such as OH"" and CN“"; with these, as has been pointed 
out above (p. 20), the converse of the classical orientation holds. 
From this classification it is clear that cationoid reagents will at¬ 
tack the benzene ring at a point where there is an excess of electrons, 
their positive charge, or poteatial positive charge being attracted by 
the negative charge. Similarly anionoid reagents will attack at a 
place where there is a deficiency of electrons, and hence cannot sub¬ 
stitute in the same position as cationoid reagents. 

The next point is the reason for the existence of excesses and de¬ 
ficiencies of electrons in the various positions of the benzene ring, and 
since the position of substitution depends only on the nature of the 
group already attached to the ring, the reason must lie in interactioas 
between these groups and the electrons of the ring. The inter¬ 
actions are of two different kinds, and it is because there are two 
competing effects that the actual observed phenomena are so com¬ 
plex and difficult to frame in an all-embracing rule. The existence 
of the two kinds of effect is known from extensive observation of 
the course of reactions and of the physico-chemical properties of 
compounds, such as the strengths of acids and bases (see Watson, 
op, cit,) and has been verified by quantum-mechanical calculation 
(Huckel, Z. f. Physik 1931, 72, 310; Pauling and Wieland, Am. 57, 
2086). 

The first kind of effect is called the inductive effect. It arises 
from the electron-repelling or electron-attracting power of the 
group attached to the ring. The two extreme cases of this effect 
are when the group is actually carrying a negative or positive charge. 
If the attached group is the ion NMes"^, this will alter the distribution 
of electrons in the ring so that they move towards the ammonium 
group and the nuclear carbon atom to which it is united. Because 
of the structure of the ring the carbon atoms in the ortho- and para- 
positions will have an electron density lower than that in benzene as 
a whole; this follows from the possible structures which can con¬ 
tribute to the resonance hybrid. The only charged structures that 
can be written arc: 
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Hence the actual structure will contain these as components and 
the para and two ortho atoms will not be positions for attack by 
cationoid reagents. kSuch groups will be meta-directing and the 
reactivity will be lowered even in the meta-position by the electron- 
attracting group attached. In the converse case, take a compound 
such as sodium benzoate; the attached group, —COO~“, is an anion, 
and is electron-repelling. Here the carbon atoms in the ortho- and 
para-positions will have an electron density gre^ater than in benzene, 
but not the meta atoms. This is again because the only possible 
structures which contribute to the actual structure are: 



Hence with cationoid reagents the group is ortho-para-directing, 
and because of the increased electronic density in these positions sub¬ 
stitution takes place more easily than with benzene itself. 

It should be noticed that the uncharged amino group —NR 2 , and 
the uncharged carboxyl group —COOH have directing effects oppo¬ 
site to those which they show when ions. This striking fact dis¬ 
closes the nature of the process. All groups must exercise an induc¬ 
tive effect: the methyl group is electron-repelling and hence with 
cationoid reagents is ortho-para-dirccting. 

The inductive effect alone cannot explain the observed phenomena. 
If it were the sole effect it would be impossible to understand the or- 
tho-para-directing powers of groups such as —Cl, —Br,^ and —OH; 
all these are known to attract electrons from measurements of elec¬ 
tric moments and hence their inductive effect would put them in the 
same class as —and they would be meta-directing. There is 
a second effect for which we have experimental evidence, mentioned 
belpw. This is the electromeric effect, also called the resonance 
effect or the tautomeric effect, though the two latter terms are un¬ 
fortunate in this connexion. If the atom attached to the ring in the 
directing group contains unshared electrons, in addition to the usual 
possible component structures for the benzene ring there are three 
others: 

X-^ x+ x+ 
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These must form part of the resonance hybrid and hence in the 
actual structure the electron density is high in the ortho- and para- 
positions, and groups of this kind are ortho-para-directing with 
cationoid reagents, knd unless the inductive effect working in the 
opposite direction is strong, the compounds are much activated for 
substitution. Examples are the rapid substitution with —OH or 
—^NH 2 as directing group. The competition between the two effects 
is shown with —Cl or —Br, which are ortho-para-directing, but not 
so strongly as with —OH, because of the stronger inductive effect. 

The electromeric effect can also exercise the opposite effect. In 
compounds such as nitrobenzene or benzaldehyde, the possible com¬ 
ponent structures include the following: 


ONO- ONO- HOC- HCO~ 



+ 4- 


Hence with such groups (other examples are the — SO3H, —CO 2 H, 
—IO 2 groups) the ortho- and para-positions are very strongly de¬ 
activated towards cationoid reagents, and the groups are meta¬ 
directing. On the other hand, ^e ortho- and para-positions are 
strongly activated towards anionoid reagents, and hence we find that 
nitrobenzene reacts with NaOH to give o-nitrophenol (p. 200). 

The reality of the electromeric effect is shown by measurements of 
electric moments (Sutton, Proc. Roy. Soc. A 133, 668; Trans. Fara¬ 
day Soc. 1934, 30, 789). In an alkyl chloride the inductive effect 
makes the chlorine atom more negative than the carbon to which 
it is attached, while in chlorobenzene there is the same effect, but 
in addition the electromeric effect works in the opposite direction; 
hence the alkyl chloride should have a larger electric moment than 
the aryl chloride. With the nitro-group (meta-directing) there 
again should be a difference between the aliphatic and aromatic com¬ 
pounds but in the opposite direction, because the electromeric effect 
makes the nitro-group in nitrobenzene more negative; hence the 
aromatic compound should have a larger moment than the aliphatic. 
The differences observed are in the expected directions: examples 
are: 


MejCCl M 2.14 Debye units 
CeHtCl M = 1.56 Debye units 
MejCHNOi M *= 3.29 Debye units 
C6H»N02 m 3.93 Debye units. 

This discussion shows that no simple rule of orientation can be 
formulated. The best that can be done is to summarise as follows: 
[f, in the orientating group, the atom attached to the ring contains 
unshared electrons, the electromeric effect will overcome any induc¬ 
tive effect, and there will be ortho-para-substitution; if an atom 
with imshared electrons is linked by a double bond to the atom at¬ 
tached to the ring there will also be a powerful electromeric effect 
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and substitution will take place in the meta-position; in all other 
cases, the inductive effect will control the result, with electron-attract¬ 
ing groups giving meta-substitution, and electron-repelling groups 
ortho-para-substitution. 

In aromatic structures more complicated than benzene, naph¬ 
thalene, what has been said still holds true, but such compounds are 
not completely symmetrical: all the hydrogen atoms in naphthalene 
itself are not identical in position. Hence yet a third effect must 
come into play, the polarisation of the molecule by the field of the 
molecule of the substituting agcmt. This is probably the main reason 
for the preferential substitution of naphthalene in the a-position with 
certain reagents, but the subject has not been thoroughly explored. 

Formation of the Benzene Nucleus 

The reactions of aliphatic substances by means of which the 
benzene nucleus is synthesised are of importance chiefly because 
they link up the aliphatic and the aromatic compounds. 

1, Methane, CII4, when passed through a red-hot tube, gives benzene^ among 
other products. 

2a. Acetylene, polymerises at a red-heat, three molecules uniting 

to form benzemj; in the presfence of CH 4 and II 2 , hotnologties of benzene are formed 
{Meyer, Ber. 51, 1576). 

2b. Allylene, when treated with cone. H 2 SO 4 , polymeri.sea to 

mesitylene, 1 ,^,b-irimethylbenzene. 

2c. C"rotonylene, OHaCss^CCHi, polymerises to hexamethylbenzene. 

2d. Monobromoacu'tylene, CII^^Br, polymerises to l,S,b-trihromobenzene. 

2e. Propiolic acid, CH=^C*COiH, polymerises in sunlight to l,S,b-henzene^ 
tricarboxylic add, trimesic acid. 

2f. Acetylene-dicarboxylic dimethyl ester, CITtOOC • C^C • COOCHi, poly¬ 
merises in the presence of acetic acid and pyridine to give ?nell4tdc hexamethyl 
ester. 

3. Carbon tetrachloride, CCI4, and tetrachloroethylene, CCl*=»CClt, give 
hexachlorobenzene when pass€'d through a hot tube. See also hexabromobenzene 
(p. 51). 

4 . Hexyl iodide, C«nuT, with ICl gives hexachlorobenzene, and with bromine 
hexabromobenzene. 

5a. Geranial or citral, (CHOaCrCH CHa CHaCCCTL)rCH-CHO, gives 1- 
methyl-^-isopropyilbenzene, or cyniene, when treated with KIISO 4 . 

5b. The condensation product of methyl-ethyl-acrolein and acetone, CHa*- 
CH*CH:C(CH,)CH:CH COCH,, gives pseuduciimene. 

5c. The (condensation product of 2 mols. of isovaleraldchyde and 1 mol, 
acetone, (C^ilL) • CHjCH: C(CiH 7 ) • CH: CH • CO • CIL, gives di-isopropyUtoluem. 

6a. Acetone and cone. HjSOi gives mesitylene, \f3,h-trimethylJbenzene, Simi¬ 
larly methyl-ethyl-ketone gives \,^,Mrieihylbenzene, and metliyl-zi-propyl-ketone 
gives \,S,5-tri-‘7i-propyl-benzen€. 

6b. Butylidene-acetone, CsHyCHrCHCOCHa, gives toluene and a phenol of 
the cresol type when passed over CuO at 700®. 

7. Carbon monoxide combines with potassium on heating to give the K salt 
of hexahydroxybenzene. 

8. Butyryl chloride, CH«*CHj-CH 2 *COCl (3 mols.), condenses by means of 
AlCli to Irieihyl-phlorogliusinol. 

9. Nitromalonic aldehyde, NOs-CH(CHO)», gives a Na salt which decom¬ 
poses to l,S,5-trinitrobenzem. 

10. The same aldehyde condenses with acetone to give jhniirophenol. 
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11, Hydroxymethylene-acetonc (formyl-acetone), CHs • CO • CII: CHOH (3 
mols.), condenses readily to i^Z^Mriacelyl-hemene, Calls(COCll 3 ) 3 ; similarly 
hydroxymethylene-acctophenone, CaHB-CO*CH:CHOH (3 mols.), gives 1,3,6- 
tribenzoyl-benzene, 

1^, Diacetyl, CPIs • CO • CO * CHg, in presence of alkali condenses to 2,5-dt- 
methyl-benzoquinone. Similarly the diketone CII 3 -CO-CO-CH 2 -CH 3 gives 
duroquinone. 

13, Hydroxymethylene-acetic ester (formylacetic ester) and its dimeric con¬ 
densation product, cumalinic ester, condenses easily to the ester of trimesic add 
(IjS,b^bemene tricarboxylic add). This is also obtained by the action of Zn on a 
mixture of formic and chloracetic esters. 

I//., Pyruvic acid, CHs*CO-00211 (3 mols.), condenses when heated with 
NaOII with elimination of oxalic acid and H 2 O to give methyjr-dihydrotrimesic 
add^ the latter can be converted by loss of CO 2 and H 2 O into xivitic acid. 

15. j8-Formylpropionic acid, OHC-CHb *0112*00211 (2 mols.), gives tere- 
phthalic acid. 

16. Acetoacctic ester, CH»*C0*CH2'C02Et (4 mols.), condenses to 3,5- 
dimethyhA-carboxyphenyl-^-methylglHtaconic add, (CeH2Me2C02H) C (CO 2 H): C- 
Me*CH2*C02H. 

17. The sodium derivative of acctoacetic ester reacts with CHCI3 to give 
hydroxy^uvitic ester (hydroxyirtethyI-isophthnhc ester), which is also formed directly 
from methenyl-bis-acetoacetic ester with NaOEt. 

18. a,/3-Dibromoglutaric ester, 002H.*CHBr*CIIBr 0112 *00211, gives py- 
romellitic acid, 1,2,A,o-henzene-telracarboxylie acid, on treatment with excess K()n. 

19. Glutaconic ester, CH(C02Et) .CH-CH2C02p]t (2 mols.), condenses in 
presence of NaOJiit with loss of EtOH and CH3C02Et to give Ai-hydroxy-iso- 
phthalic este?’ 

30. Dehydracetic acid, Oils*0:011 *00*CII* 000113 , gives orcinol, 3,5- 

dihy dr oxy toluene. q_qq 

31. Acetylpyruvic ester, MeOO * CH 2 • OO * 00 * C02Et (2 mols.), condenses to 

^33. “^The ester’CHa*0112*Oil:C(0H8).CII-C(C02Et)2, from methyl-ethyl- 
acrolein and malonic ester gives with NaOEt hydroxy-mesitylenic acid. 

38. Cittylidene-malonic ester (Vol. II, p. 145) gives ^-isoamenylA-methyl' 
salicylic add. 

The formation of mellitic acid (benzene hexacarboxylic acid) by the oxidation 
of graphite is not a synthesis of the benzene ring, because graphite is an aromatic 
substance. It consists of carbon atoms arranged in planes which lie upon one 
another; in each plane the carbon atoms are united to form a system of condensed 
benzene rings (Bernal, Proc. Ro 3 ^ Soc. A 106, 749; Mauguin, Bull. soc. frang. 
Min. 49, 32 (1926); Finch and Wilman, Proc. Hoy. Sue,. A 155, 345; Hofmann 
and Frenzel, Bor. 63, 1248). 

Summarising the reactions by whicli aliphatic compounds are con¬ 
verted into benzene derivatives by nuclear synth(\sis we find: 

1. Some saturated compounds, such as methane (1) and carbon 
tetrachloride (S) form the benzene ring when heated (pyro-condensa- 
tion). Many benzene derivatives, such as benzene itself, the methyl- 
benzenes, the simple amino- and hydroxy-benzenes, arc remarkably 
stable at high temperatures (see coal-tar, p. 34). 

3. In the perchlorination of some aliphatic compounds the forma¬ 
tion of hexachloro-benzene has been observed. Hexyl iodide (4) 
gives hexachloro- and hexabromo-benzene with particular ease. 

S. A great number of aliphatic acetylenic compounds containing 
a triple bond undergo polymerisation, three molecules uniting to form 
a benzene derivative. The polymerisation of acetylene to benzene 
(Sa) is the most difficult of all; that of bromo-acetylene {2d) is much 
easier. Aliylene {2b) and crotonylene {2c) require sulphuric acid, and 
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propiolic acid (8e) sunlight for this polymerisation. The other 
aliphatic compounds which condense to form aromatic substances 
contain carbon doubly linked to oxygen; many are ketones, or they 
contain the hydroxymethylene group. 

4- Direct addition reactions are exemplified by the formation of 
potassium hexahydroxy-benzene from CO and K (7). Examples 
of condensation with elimination of water are: the simple ring closure 
in tlie conversion of citral or geranial and other ketonic-olefins into 
(‘ymene, pseudocuniene, and di-isopropyl-toluene (5a, b, c ); the con¬ 
densations of acetone, methyl-ethyl- and methyl-n-propyl ketone into 

I, 3,5-trialkyl-benzenes (6a, h). The condensation of 2 mols. of 
i3-forinyl-propionic acid into tcrephthalic acid (15) takes place with 
loss of both water and hydrogen. These condensations are related 
to the condensations of dehydracetic acid to orcinol (20), of nitro- 
malonic aldehyde and hydroxymethylene compounds (9, 10, 11, IS), 
of a-diketones to quinones (12a, b), of acetylpyruvic acid into hy- 
droxy-toluic acid (21) and of chloroform and sodio-acetoacetic ester 
into hydroxy-uvitic ester, in which the formation of methenyl-bts- 
acetic ester can be assumed as an intermediate product (17). The 
formation of homologucs of salicylic acid from alkylidine-malonic 
esters in the presence of NaOEt takes place by means of an intra¬ 
molecular acetoacetic ester condensation. The condensation of 
pyruvic acid to methyl-dihydro-trimesic acid, or uvitic acid ( 14 ), in 
V hich oxalic acid is eliminated, is unique. 

The following are examples of the conversion of cyclohexane deriv¬ 
atives into benzene derivatives: 

Willstdtteys synthesis of benzene (p. 16). 

Catalytic dehydrogenation. A summary of methods and results 
will l)c found in an article by Linstead, Ann. Rep. Chem. Soc. 33, 
294 (1937). The usual reagents are sulphur, selenium, and metals, 
such as platinum. i 

Carvone (Vol. II, p. 237) isomerises on heating with KOH, phos¬ 
phoric acid, or other reagents, to carvacrol (1). The latter is also 
formed when camphor is heated with iodine or fused with zinc chloride 
(Vol. II, p. 283). Carvone oxime is converted by sulphuric acid into 
p-amino-thymol (II) (Wallach), while thujone oxime can be con¬ 
verted into amino-cymene (III). Both camphor and fenchone (Vol. 

II, p. 315) give l-acetyl-3,4-o-xylene when heated with sulphuric 
acid; with P 2 C )5 the former yields p-cymene, and the latter rn-cymene: 
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Rupture of the Benzene Ring 

As already mentioned, the stability of the benzene ring is one of 
its characteristic properties. It often breaks down when treated 
with reagents which convert it into cyclohexane derivatives, though 
the latter in many cases cannot be isolated. Sometimes the producte 
still contain six carbon atoms in a chain, but usually this is not so; in 
some cases pentacarbocyclic compounds are formed from inter¬ 
mediate products of the type of hexacarbocyclic-diketones. 

Ring fission is most easily brought about in phenols, aminophenols, 
quinones, hydroxyquinones, and phenol carboxylic acids. 


I. Fission by Mild Oxidation 

The mildest oxidation of benzene takes place biologically in ani¬ 
mals. Only one double bond is ruptured and muconic acid is formed 
{Jaffef Z. physiol. Chem. 62, 58): 


CH 


/\ 

HC COOH 
H(^ COOH 
CH 


Muconic acid is also obtained by the oxidation of o-benzoquinone 
(Boeseken). 

Strong oxidising agents convert benzene into carbon dioxide, 
formic, and oxalic acids, but ozone breaks it down smoothly in an 
interesting way. By addition of three molecules of ozone, benzene 
triozonide, CeHeOs, is formed. This is decomposed by water into 
three molecules of glyoxal, {Harries; the formulation is that of 
Rieche, Alkylperoxyde und Ozonide, Dresden, 1931). Homologous 
benzene hydrocarbons behave similarly. 
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Catechol, 1,2-dihydroxy-benzene, and protocatechuic acid, 3,4- 
dihydroxybenzoic acid, are oxidised to d^ydroxy-tartaric acid by 
nitrous acid {KehM). Catechol is decomposed by electrochemical 
oxidation into succinic and butyric acids; the direct oxidation prod- 
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uct is fumaric acid, which can be isolated if a ceil with a diaphragm 
is used {Fichter, Helv. 2, 583). 

Hydroquinone, 1,4-dihydroxybenzene, and quinone, which is 
easily formed from it, are decomposed by silver peroxide into maleic 
acid and CO 2 (Kempf): 
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Wlien benzene vapour is passed, together with gases containing 
oxygen, over V 2 O 6 or other metallic oxides, at a temperature of 400- 
500°, maleic acid is formed (Downs, Chem. and Ind. 45, 188). This 
reaction is used industrially for the preparation of maleic acid (U. S. 
1,895,522). 

Phenol, CeHsOH, has been converted by KMn 04 into mesotartaric 
acid (Dobner). Quinone is probably the primary product, and this 
is converted into maleic acid, which gives mesotartaric acid 
when acted upon by KMn 04 (Vol. I, p. 658). Tert.-butybphenol, 
(CH8).,C C 6 H 40 H, and tert.-amyl-phenol, (C 2 H 6 )(CH 8 ) 2 C C«H 40 H, 
give trimethyl- and ethyl-dimethyl-pyruvic acids, respectively 
(Anschutz and Rauff). 

A reaction discovered by G. Schultz and correctly interpreted by 
Pauly (Ann. 416, 1) is an example of the ring being opened without 
degradation. When cone. H2SO4 acts on o-nitro-p-cresol, water is 
taken up and ^Ci-methyl-muconic (isoprene-dicarboxylic) acid is 
formed. This goes over into A‘*^-^-methyl-crotolactone-acetic acid 
(isoprene-lactonic acid). 
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2, Fission by Simultaneous Chlorination and Oxidation 


When treated with KCIO3 and H2SO4, benzene gives first chlorin¬ 
ated quinones and then trichloro-phenornalic acid (i^-trichloroaceto- 
acrylic acid) (Vol. I, p. 481), which, when treated with aqueous 
baryta, decomposes into chloroform and maleic acid (KekuUy 
Strecker). 
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With th() same reagents, phcinol, salicylic (o-hydroxybenzoic acid), and gallic 
acid, CO 2 H [1] C 6 H 2 [3,4,5] (011)3, givcj tnchloropvruvic (isotrichloro-glycerolic) 
acid, CChCCOfO^COdl (Vol. I, p. 464). 

Picric acid (2,4,6-trinit rophcmol-l) gives chloropicrin (Vol. I, p. 
485) when treated with bleaching powder, and brornopicrin with 
Br 2 and lime. 

A number of interesting ring-fission reactions were investigated 
by Zincke, They involve the conversion of a suitable aromatic sub¬ 
stance into a chlorinated cyclohexene- and cyclopenbme-ketone, and 
the fission of the latter. 


Four examples will be given, three referring to the three di hydroxy benzenes, 
and the fourth to phlorogluciriol, 1,3,5-trihydroxybenzene. 

/. Catechol, o-dihydroxyb<'nzenc, when treated with chlorine first gives 
tetrachloroquinonc, and then hoxachloro-cyclohexenedione. The latter isomerises 
on heating with water to hoxachloro-hydroxycyclopentenecarboxylic acid, which 
can be oxidized bv chromic acid to hexachloro-cyclopentenone. With caustic 
soda this compound breaks down to perchloro-vinyl-acrylic acid, which, on re¬ 
duction, gives etliylidene-propiomc acid {Zincke, Bcr. 27, 3364). 
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The decomposition of hydroquinone is simpler. Tetrachloro-p-guinone, 
chloranil, is readily obtained by the action either of chlorine on hydroquinone or 
quinone, or of HCl and KClOa on phenol. It takes up more chlorine to form hexa* 
chloro-cyclohexencdione^ which, with alcoholic potash, is decomposed to per- 
chloro-acroyl-acrylic acid. The latter, as well as hexachloro-cyclohexendione 
itself, is decomposed by aqueous caustic soda to dichloromaleic acid and tri¬ 
chloroethylene (Zincke^ Ann. 267, 1). 

-^ 
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3. Resorcinol in acetic acid solution Rives, with chlorine, pentachlororesor- 
cinol and, further, iKjptachlororesorcinol. These two m-diketo-chlorides are de¬ 
composed on treatment with cold water, the penta-compound RiviiiR dichlor- 
acetyl-trichlorocTotonic acid, and the hepta-compound with more water and 
chlorine forming trichloroacetjd-pentachloro-butyric acid. The former, on boiling 
with water, gives dichloromethyl-chlorovinyl-a-diketone, while the fatter with 
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alkalis undergoes a doeomposition similar to that of trichloroacety 1-acrylic acid, 
chloroform, and pentachloro-glutaric acid being formed. With boiling water, 
however, it goes over into tetrachloro-cyclopentendione, and this, with chlorine, 
gives percliloro-acetyl-acrylic chloride. With water, the latter is converted into 
the free acid, which, finally, under the action of alkalis breaks down into chloro¬ 
form and dichloromaleic acid. 

4 . Pliloroglucinol (1,3,5-trihydroxy-benzene) behaves quite similarly to resor¬ 
cinol. With chlorine it gives hexachloro-cyclohexane-l,3,5-trione. This triketone 
decomposes when trc'ated with chlorine and water into octachloro-acetyl-acetone- 
with methyl alcjohol it decomposes into dichloro-malonic dimethyl ester and 
« 2 /m-tetrachloro-acetone; with ammonia it gives three molecules of dichloroacet- 
amide \Ziiicke, Ber. 23, 1706): 
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In those four examples, the rinse opms between a CO-group and a CCIt-group 
of a keto-cbloride. Ziricke originally investigated this reaction in the naphthalene 
scries, whtTo it enabltnl him to break up one of the naphthalene rings and to con¬ 
vert naplitbfilene derivatives into indene derivatives. Later he applied the reac¬ 
tions to the phenols, mentioned above, and to other aromatic compounds. By 
similar methods Hantzsch succeeded in decomposing phenol with chlorine in al¬ 
kaline solution, and in converting it into cycloponteme derivatives (Vol. II, p. 59) 
(Ber. 22, 1238). 


S. Fission by Reduction in Alkaline Solution 

L When phenol o-carhoxylic acids, dissolved in amyl alcohol, are 
reduced with Na, the ring is opened; tetrahydro-acids and their 
rearrangement products, hydro-aromatic o-keto-carboxylic acids, 
probably being formed as intermediates. The latter take up water 
and are converted into pimelic acids. Salicylic acid gives an almost 
theoretical yield of n-pimelic acid, and 0 -, m-, and p-cresotinic acids 
give the three isomeric methyl-pirrelic acids (Einhorn, WillstditeTf 
Ber. 28, R 744): 
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The reaction has been successfully applied to the naphthalene- 0 - 
hydroxy(^arboxyIic acids (p. 609). 

IL R(‘sorcinol on reduction gives dihydro-resorcinol, which is 
oxidised by KMnO^ to n-glutaric acid (Merling, Ann. 278, 32). 
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When heated for several hours with cone, baryta water at 150-160°, 
dihydro-resorcinol takes up water and decomposes into 7 -acetyl- 
butyric acid (Vol. II, p. 112 ) (Vorldnder, Ber. 28, 2348). This re¬ 
action can be reversed (Vol. II, p. Ill): 
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1. THE MONONUCLEAR BENZENE HYDROCARBONS 

Benzene, CcHc, m.p. +5.6®, b.p. 80.2® (760 mm.), is the parent 
hydrocarbon of the aromatic compounds. It is produced in the dry 
distillation of coal, and is therefore found in coal-tar, together with 
many other compounds including thiophen, C4H4S, a compound 
closely resembling it in physical properties. It is also formed, to¬ 
gether with homologues, by the pyrolysis, with or without the 
application of pressure, of many open-chain compounds of high 
molecular weight, e,g.j oleic acid (cracking). Pure benzene is formed 
by heating benzoic acid or benzene polycarboxylic acids with soda- 
lime. S 3 mthetically, benzene may be produced from acetylene by 
heating to high temperatures. 

Benzene is obtained from coal-tar by fractional distillation and is separated 
from thiophene (easily detected by the indophenine or the phenanthraquinone 
reaction) by repeated shaking with a little cone. ibSOi, treatment with AlClj, 
or heating with S 2 CI 2 , formaldehyde, or phthalic anhydride {Haller, Bull. [3], 
15, 390, 1065; Lippmann, Mo. 23, 669; Ger. Pat. 211,239). Finally it is purified 
after partial crystallisation in a freezing mixture, by the removal of the residual 
liquid. 

History (c/. Ho/mann, Ber. 23, 1271).—Faraday discovered benzene in 1825 in 
compressed illuminating gas prepared from oil. Mitscherlich, in 1834, obtained it 
by distilling benzoic acid with lime. A, W. Hofmann, in 1845, found it in coal-tar, 
and Berthelot, in 1866, synthesised it by polymerisation of acetylene. 

Properties .—Benzene is a mobile liquid with an ethereal odour, 
d?® 0.8999, n^D 1.50043, dielectric constant 2.272, dipole moment 
O, specific exaltation of refractive index, ESn — 0 . 22 ®. For the infra¬ 
red and ultra-violet absorption spectra see Bawles, Phys. Rev. 36, 
296; for the Raman spectrum see Grassmann, Z. Physik, 86 , 321; 
for a detailed investigation of the various spectra see Ingold and co¬ 
workers, J. 1936, 912 et seq. It bums with a luminous, very sooty 
flame. It is miscible with dry alcohol and ether, and dissolves 
resins and fats readily. It also dissolves many hydrocarbons, some 
of which separate in the form of cryTstals containing benzene of 
crystallisation (e.g., triphenylmethane). Sulphur, iodine, and phos¬ 
phorus are also soluble in benzene. The vapour, when inhaled, exerts 
an intoxicating and stupefying effect. 

Reaetums. — 1. When passed through a hot tube benzene is par^ converted 
into diphenyl, CeH^-CeHs, and diphenyl-benzenes, such as C»H 4 (C«Hft) 2 . It also 
decomposes to some extent into acetylene. 
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2. When benzene is oxidised with MnOa and HaSO^, owing to the intermediate 
formation of diphenyl and polyphenyls, some benzoic acid and a little o-phthalic 
acid are formecl, but benzene is very stable to most oxidising agents. Silver per¬ 
oxide in presence of nitric acid oxidises it to quinone, and manganic sulphate 
does the same (Kempf, Ber. 38, 3963). With KClOa and H 2 SO 4 the ring opens and 
trichloro-phenomalic acid (^-trichloroaceto-acrylic acid) is formed (p. 30). When 
ozone is passed throujjh benzene for some time, a white, amorphous, and explo¬ 
sive triozonide is obtaintid; tliis is slowly decomposed by water to glyoxal (//or- 
n> 5 , Her. 37, 3431; p. 28). 

3. When heated with III at 260-280®, benzene is largelv reduced with isom¬ 
erisation to mcthyl-cyclopentane (Vol. II, p. 47). It can be reduced to cyclo¬ 
hexane by passing its vapour with hydrogen over finely divided Ni at 180-200® 
(Sabatier, Senderens, C. r. 132, 566), or at lower temperatures by using the plati¬ 
num metals (Willstdtter, Skita). 

4 . Chlorine and bromine act both by addition and substitution^ an anti- 
catalytic effect of oxygen has been found by lAither and Goldberg (Z. physikal. 
Chem. 56, 43). For the action of HOCl and CI 2 O, see Homer, J. 100, 276. 

5. HNO 3 transforms benzene into nitrobenzene, C6 HbN02. 

0. II 2 SO 4 converts it into benzene-sulphonic acid, CeHBSOall. 

7. By means of AIC/I 3 and alkyl halides, alkyl residues may be introduced into 
benzene (4th method of formation of benzene hydrocarbons, p. 38) (Krdnzlein, 
Aluminiumchlorid, Berlin, Verlag Chemie, 1933). On continued heating with 
AICI 3 , naphthalene is formed, diethylbenzenc being an intermediate (Homer, 
loc, cit). 

8. Benzene condenses with aldehydes in presence of H 2 SO 4 to aromatic hydro¬ 
carbons, e,g,, diphenylmethane and -ethane. 

9. Electrochemical oxidation converts it into phenol, catechol, hydroquinone, 
quinone, and finally maleic acid (Fichter, Ber. 47, 2003). The last-named com- 

C ound is also obtained by passing benzene vapour over V 2 O 6 at 400-450®. When 
enzene burns slowly at temperatures between 380® and 565®, phenol and benzo- 
quinone are formed (Arniel, Ann. chira. [XI], 7, 70). 


Coal-Tar 

Dry distillation of coal gives rise to benzene together with many 
alkyl benzenes and more highly condensed aromatic compounds, such 
as naphthalene, CioHs, acenaphthene, C 12 H 10 , fluorene, C 13 H 10 , an¬ 
thracene and phenanthrene, C 14 H 10 , fluoranthene, CisHio, pyrene, 
CisHio, chrysene, C 18 H 12 , also phenols, and heterocyclic compounds, 
such as thiophene, pyridine, quinoline, acridine, etc. They are found 
in the ^'coal-tar,’’ obtained in large quantities in gas-works and coke- 
ovens. About one-fifth of the total produced is gas tar, and four- 
fifths coke tar. In addition to illuminating gas and tar, ammoniacal 
liquor is formed, while coke, a fuel richer than coal itself in carbon, 
is left in the retorts. 

The rapid and brilliant development of aromatic organic chemistry 
was largely due to the fact that the fundamental aromatic com¬ 
pounds have been available for chemical investigation in any de¬ 
sired quantity. Whereas the paraffins are unsuitable starting ma¬ 
terials for the synthesis of aliphatic substances, the aromatic hydro¬ 
carbons, with their power to enter into the most varied reactions, 
form not only the theoretical, but also the practical basis for the 
synthesis of aromatic compounds. Coal-tar, which contains these 
hydrocarbons, is the inexhaustible source for preparing innumerable 
aromatic Compounds, many of which have had most useful applica¬ 
tions as dyes, perfumes, and drugs. 
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The trecLtmeni of coaUtar for aromatic hydrocarbons .—When coal is 
distilled at a comparatively low temperatre, not greatly exceeding 
600® (Vol. I, p. 100), the so-called *4ow-temperature^' tar is ob¬ 
tained. This contains, in addition to phenols, various hydrocarbons 
which are not benzene homologues, but paraffins, olefins, so-called 
naphthenes (Vol. II, p. 64), and partially hydrogenated aromatic 
hydrocarbons. There is no naphthalene. Benzene derivatives are 
exclusively obtained from high-temperature tar, which is produced 
at 1100-1300® in gas retorts, and at 900-1100® in coke ovens. The 
difference in the temperature used is shown in the different composi¬ 
tion of the two tars; gas tar, owing to the higher temperature of its 
formation, is richer in high-boiling substances and pitch. 

Crude tar contains about 2-5% of water, derived partly from the 
moisture present in the coal, and partly produced by the coking 
process, and about 1% of ammonia and organic bases. The re¬ 
mainder is a mixture of pitch and tar-oils, with more or less free car¬ 
bon. It is first freed from water, and then fractionated from steel 
retorts which may hold as much as 50 tons. Usually four fractions 
are taken, the separation being on the basis of their mean specific 
gra\ities but occasionally on that of the temperature of distillation: 

1. Light Oil, 2-5%, sp. gr. 0.91-0.99, boiling below 160®. 

2. Middle Oil, 10-12%, sp. gr. 1.01-1.02, boiling approximately between 150® 
and 240®. 

3. Heavy Oil, 8-10%, sp. gr. 1.03-1.04, boiling approximately between 240® 
and 270®. 

4. Green, or Anthracene Oil, 18-25%, sp. gr. 1.08-1.09, boiling approximately 
between 270® and 370°. 

The residue, 50-60%, is pitch. 

The gases escaping during distillation, as well as those from the 
coke ovens, are rich in benzene and its lower homologues; they also 
contain more than 50% of hydrogen. The hydrocarbons are ab¬ 
sorbed in scnibbcrs containing oil obtained from the tar itself and are 
isolated by distillation. About 90% of the production of benzene is 
derived from these gases. 

Each of the four tar fractions is distilled into sub-fractions. From 
these the phenols are removed by means of caustic soda and the bases 
by dilute sulphuric acid. From the light oil a mixture of hydro¬ 
carbons is obtained from which olefins and other unsaturated com¬ 
pounds are removed with concentrated sulphuric acid. The oils are 
then washed with water, dried, and subjected to careful fractional 
distillation with a column, the higher boiling fractions sometimes 
in vacuo. In this manner the light oil is separated into 50% benzene, 
6-10% toluene, 2-3% xylenes, 12-15% naphthalene, 8-10% phenols, 
and 1-3% pyridine bases. The middle oil contains the industrially 
important phenols, with naphthalene, bases, and some of the con¬ 
stituents of the light and heavy oils. The phenols and bases are re¬ 
moved as described for the light oil. The subsequent fractional dis¬ 
tillation must be carried out so as to take account of the high melting 
point of naphthalene, which solidifies at 80®. The same applies to 
heavy oil which contains naphthalene, diphenyl, acenaphthene, and 
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other substances which crystallise easily. When these substances 
have been extracted, the heavy oil is used as a fuel, and also as a 
solvent for the absorption of benzene from the gases, as has been 
mentioned above. The greenisli-yellow anthracene oil solidifies at 
ordinary temperature. Its most valuable constituent is anthracene, 
which is present to the extent of about 20-30%. In addition it 
contains the isomeric phenanthrene, carbazole, and other substances. 
The liquid fraction is used as a motor fuel and lubricant. 

In addition to benzene, the following benzene hydrocarbons occur 
in coal-tar: toluene (methyl-benzene), the three isomeric xylenes 
(dimethyl-benzenes), ethyl-benzene, vinyl-benzene (styrene), the 
three isomeric trimethyl-benzenes (mesitylene, p.s'et/do-cumene, liemi- 
mellitene), n-propyl-beiizone, the three isomeric ethyl-toluenes, 
and durene (i? 2 /?w-tetramethyl-benzone). Aromatic hydrocarbons are 
also found in considerable quantity in lignite tar, to some extent in 
wood tar oil, in shale tar oil, and in Rumanian and Dutch East Indian 
petroleum. A list of coal-tar constituents is given in the table on 
p. 36. 

The production of aromatic substances by dry distillation should be considered 
in connection with their formation by pyrogenic synthesis or pyro-condensation^ 
brought about by leading simple aliphatic b^ies such as CH 4 , EtOH, and Et 20 , 
together with Hj, throng red-hot tubes {Haber^ Ber. 29, 269i). Acetylene and 
allylerie are probably intermediates. Just as acetylene produces benzene, a mix¬ 
ture of acetylene and allylene might give toluene, benzene and acetylene might 
give naphthalene, etc. (Berihelot^ Ann. 139, 281; Jacobsen, Ber. 10, 853; 19, 

2513; Schulze, Ber, 18, 3032; Ferko, Ber. 20 , 660). For the pyrolysis of buta¬ 
diene hydrocarbons see Staudinger, Ber. 46, 2465. In the dry aistillation of coal 
the volatile products come in contact with the heated walls of the retort, and 
hence conditions exist for such pyro-condensation. On the other hand, the com¬ 
position of the coal itself is clearly of great importance. 

The results of PicteVs experiments on the extraction of coal with benzene, and 
on the distillation of coal in vacuo (Ber. 44, 2486; 46, 3342) are of considerable 
theoretical interest. Their purpose was '*to throw some light on the two indus¬ 
trially and scientifically significant questions of the formation of coal from plant 
matter and of its reactions during dry distillation.'' A French bog-head coal from 
Montrambert, Loire, extracted with benzene, gave a mixture of hydro-aromatic 
hydrocarbons, from which only hexahydro-fluorene, Ci*Hi 6 , could be isolated. 
When distilled at 10 mm. pressure and at a temperature not exceeding 450® it 
yielded, without producing gas, about 4% of a “vacuum-tar." The water, about 
1.5% of the weight of the coal, had an acid reaction, and w^as free from ammonia; 
the coke was loose and more easily inflammable than ordinary coke. On pyrolysis 
the vacuum tar generated much gas, a considerable amount of ammoniacal liquor, 
and a tar smelling like ordinary coal-tar and containing phenol, bases smelling of 
pyridine, benzene, naphthalene and anthracene. The vacuum tar must have 
contained hydro-aromatic compounds. Since none of the above-mentioned com¬ 
pounds could be detected in the va<*uum tar, the exp>eriment confirms the view 
that the volatile compounds of more complex structure are pyrolytic products 
formed at a high temperature. 

Alkyl-Benzenes, CnHiu~« 

Formation .—A number of alkyl-benzcnes occurring in coal-tar have 
been mentioned in the preceding section. The most important of 
the general methods of formation are those involving nuclear synthe¬ 
sis. 
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1. The formation of sj/w*-trialkyl-benzenes from alkyl-acetylenes 
by polymerisation in the presence of sulphuric acid has often been 
mentioned. It is analogous to the formation of benzene by poly¬ 
merisation of acetylene (p. 25). 

Allylene, SCHfa-C^CII C.H,[1,3,6](CH,)„ Mesityleno 

Instead of alkyl-acetylenes, ketones, such as acetone and ethyl- 
methyl-ketono, can be treated with sulphuric acid (p. 25). 

2. The reaction discovered by Fittig in 18W is much more 
general. It consists of the action of sodium on a mixture of a bro- 
minated benzene hydrocarbon and an alkyl bromide or iodide. The 
reaction is carried out in ether solution (ToUens, Fittig, Ann. 129, 
369; 131,303; Krafft,Bev. 21, ZlSr,)-. 

(^eUsBr + CH,! + 2 Na = + Nal + NaBr 

C H ' 

-f CallJ + 2Na = C 6 li 4 / ' ' + Nal + NaBr 
\O 2 H 5 

'rhis reaction is a valuable extension of the Wurtz synthesis of paraf¬ 
fins by the action of sodium on alkyl halides (VoL I, p. 96). The 
addition of a few drops of ethyl acetate accelerates the reaction. 
The higher the molecular weight of the alkyl iodide, the smoother is 
the reaction. The first phase of the reaction is the formation of 
sodio-aryls and alkyls, and then Free aryls are produced. Their 
presence can be shown by adO.ing triphenylmethyl with which they 
combine to give compounds such as tetraphenylmethane (Gold¬ 
schmidt y Ber. 59, 348; Gilman, Am. 55, 2893). 

Houhen^s method (Ber. 36, 3083; Bert, C. r. 186, 587) is similar to Fittig*s, the 
Mg halide-compounds of aryls and alkyls in ligroin or cyclohexane being used in 
place of the halides. 

S, The syntheses of isopropyl-benzene from benzal chloride and zinc methyl 
and of one of the amyl-benzenes from benzal chloride and zinc ethyl {Liebmann, 
Ber. 13, 45), are analogous to that of tetramethylmethane from 2,2-dichloropro- 
pane and zinc methyl (Vol. I, p. 96). 

CeHsCHCla + Zn(C 2 H 4)2 » C«H 5 CH(C 2 H 8)2 + ZnCb 

4* A method of very general utility, which has recently been 
applied also to aliphatic and hydroaromatic compounds (Unger, 
Ber. 65, 467; Hop/, ibid, 482), is the so-called aluminium chloride 
synthesis discovered by Friedel and Crafts in 1877; it consists of the 
action of alkyl halides on benzene hydrocarbons in the presence of 
aluminium chloride. 

In some cases olefins in the presence of HCl react similarly to the alkyl halides 
(Ger. Pat. 184,230). 

A similar reaction takes place with zinc chloride and especially with ferric chlo¬ 
ride (Nencki, Ber. 32, 2414) Wertyporoch, Ber, 66,1232) and also with boron tri¬ 
chloride and its addition products (Ger. Pat. 513,414). Aluminium chloride can 
sometimes be replaced by a mixture of mercuric chloride and aluminium filings 
(Korezynski, Ber. 35, 868 ). 

The chemistry of the Friedel-Crafts reaction has been studied by Wieland and 
BeUag (Ber. 55, 2246), Wohl and Wertyporoch (Ber. 64, 1357), Wertyporoch and 
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Firla ([Ann. 500, 281). The compound first formed is presumably a ternary one, 
in which there is some kind of union between the aluminium chloride and the 
other two reactants, and the actual reaction must take place inside this complex. 
Intermediate comi)ounds have often been isolated, particularly in the hydroaro¬ 
matic series. In the reaction between benzene, ethyl chloride, and aluminium 
chloride, a compound, Al 2 Cl 6 *C 6 H 8 -Et 8 , a yellow oil, b.p. (12 mm.) 135-138®, U 
formed (GmtavsoUf Schleicher^ J. pr. 105, 355); this, in the presence of HCl, is 
able to convert another molecule of benzene into triethyl-benzene. Thus a large 
quantity of benzene is alkylated by a small amount of aluminium chloride. In 
many other cases aluminium chloride adds on to the reaction product and has to 
be used in the stoichiometric amount. Sometimes hydrogenation and dehydro- 
genation reactions take place at the same time, c.flf., the formation of ^propyl- 
benzene and 1,2-diphenylpropane from benzene, allyl bromide, and aluminium 
chloride. 

Water decomposes the compound 2AlCl8*C6H3Et8 into Al(OH)8, HCl, and tri¬ 
ethylbenzene. All the hydrogen atoms of benzene can be replaced without dif¬ 
ficulty {Jacohsen^ Ber. 14, 2624; Galhf Ber. 16, 1745). Dilution with CS 2 is 
sometimes an advantage (Anschutz^ Ann. 235, 207; Lucas, Ber. 29, 2884): 

CH,C1 + CJI. HCl + CeHsCHs 

' 2 CH/:i -t- cyi. -- ?• -» 2IIC1 + C,II,(CH,), 

CCII,C'l + C.H, > fiHCl + CeCCHs). 

Reactions of the same kind take place between benzene hydrocarbons and 
various types of halogen compounds, such as CHCI 3 (cf. triphenylmethane) and 
the acid chlorides; see bonzophenone, acetophenone, tolyl aldehyde [CO -j- HCl 
in presence of cuprous chloride react like the unknown formyl chloride, HCOCl, 
and HCN -f- HCl like HC(C1)NH {Goilermann^ Ann. 347, 347)1, resacetophe- 
nono [MeCN and HCl react like MeC((’l)NII (Hoesch, Ber. 50, 462)). Diethyl 
ether also reacts with benzene hydrocarbons in the presence of aluminium 
chloride, with the formation of poly-cthyl-benzones {Jamiaschf Ber. 32, 2391). 
Aliphatic alcohols and alkyl chloroformates have also been used for preparing 
alkyl-benzenes by means of aluminium chloride \Kunkellj J. pr. 86 , 518; 87, 
227; Zukerwaniky Russ. J. 5, 764 (1936)]. 

Degradalim reactions.—5, Curiously enough, aluminium chloride can be used 
for degrading the alkyl-benzenes as well as for synthesising them. By the action 
of aluminium chloride alone, or still more e.nsily by passing HCl through a polyal- 
kyl-benzene to which aluminium chloride has been added, side-chains are split 
off as alkyl chlorides (AnschuiZy Ann. 235, 177). Under suitable conditions side 
chains can be transferred from one hydrocarbon to another by means of alumin¬ 
ium chloride. Certain positions of the alkyl groups are favoured in both synthesis 
and decomposition, as is illustrated by the following scheme (AnschutZy Ber. 18, 
657): 




CeH2[l,3,4,61(CH3)4 


\ 


. C8H4[1,41(CH8)2. 

H,Ch/ ^C.H,Il,3,4j(CH,)y 

^ Cai4(l,3](CH,)/ ^C,K,11,3,4,5](CH,)4/ 

Ojl, ^ CJI,[1,3,5I(CH,), 




C,(CH,), 


By a secondary action of aluminium chloride, the alkyl side-chains of the butyl-, 
amyl-, benzenes often undergo rearrangement to isomeric forms. The deg¬ 
radation is particularly easy in the presence of much of the aromatic compound 
and little aluminium chloride, e.g.y with polv-ethyl- and poly-isopropyl-benzenes, 
but not with xylenes {Boedtkery Bull. 19,444). 

If bromine is allowed to react with a poly-alkyl-benzene in the presence oi 
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aluminium bromide, the lon^t of the side chains is split off and the products 
are brominated. {BodrouXt Bull. [3] 19, 888 ). 

6 *. Cone. HsSOi has also been used for synthesis and degradation (see durene, 
p. 46). 

7. Propyl-, isopropyl- and some other alkyl-benzenes have been prepared suc¬ 
cessfully by reducing the corresponding compounds with an unsaturated side 
chain, e,g,y PhCHiClIMe, PhCMe:CH 2 , with sodium in ethyl alcohol (Klages, 
Ber. 37, 1721). 

Benzene itself as well as its alkyl-homologues are obtained by the following 
methods: 

8. The dry distillation of an aromatic acid with lime or soda-lime. 
Iron filings are sometimes added to promote conduction of heat 
through the mixture. All carboxyl groups are removed and the par¬ 
ent hydrocarbon is formed: 

Benzoic acid CeHsCOiH ► CO 2 4- CeH* Benzene 

Toluic acid CiUCfJUCOill -► COa -f C.H 4 CH, Toluene 

Phthalic a(;id CJLCCOjtOi -> 200* -h CJtit Benzene 

9y 10, and 11. In these reactions, groups attached to the ring are 
replaced by hydrogen. 

9. Diazo-compounds are treated with alcohol, stannous oxide in 
alkaline solution, or some other rerlucing agents (p. 122). This 
reaction has been particularly important for establishing the con¬ 
stitution of certain compounds. The diazo-compounds are ob¬ 
tained from amino-compounds, and these from the nitro-cornpounds, 
the reaction products of nitric aci<l with hydrocarbons. 

10. Sulphonic acids (p. 174) are treated with superheated steam 
(180°) in the presence of sulphuric, (‘one. hydrochloric, or phosphoric 
acid. 

11. Oxygen derivatives, such as phenols or ketones, are heated 
with zinc dust (Baeyer, Ann. 140, 295), or HI and phosphorus. It 
should be noted that a substance such as benzophenone, Ph-CO Ph, 
can be reduced with ease, but diphenyl ether, Ph O Ph, not at all. 
Ketones are reduced smoothly when, as vapour, they are passed 
with hydrogen over finely divided nickel at 190-195° {Darzens, 
(^.r. 137, 868). A very useful method for reducing aromatic ketones 
to hydrocarbons is Clemmensen^s method with amalgamated zinc 
and alcoholic HCl (Ber. 47, 681). Another which has been used 
frequently is to Convert the hetone into its hydrazone or semi- 
carbazone, and heat this with solid NaOH or with NaOEt in a 
sealed tube {Wolff, Ann. 394, 86; Kishner). 

Properties .—The lower benzene hydrocarbons are volatile liquids, 
and the higher compounds, such as the polymethyl-benzenes, durene 
isodurene, penta- and hexamethyl-benzene, and hexaethylbenzene, 
are solid at ordinary temperature. The smell is characteristic and 
not unpleasant. They are insoluble in water, but are miscible with 
alcohol and ether, and are themselves good solvents for many organic 
compounds; the latter are often precipitated from these solutions by 
petroleum ether. 

Reactims .—On reduction, especially when their vapours are pa^ssed 
with hydrogen over finely divided nickel, the alkyl-benzenes are 
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converted into honiologues of cyclohexane, in the same way as ben¬ 
zene itself. At the same time considerable amounts of methane 
are formed (Mailhe, C.r. 193, 60, 176). With HI they undergo iso¬ 
meric change into cyclopentane derivatives. 

S, The behaviour of the alkyl-benzenes on oxidation is of great 
importance. Dilute nitric acid, chromic acid, KMn 04 , and KsFe- 
(CN)6, convert the side-chains into CO 2 H groups. From the number 
of CO 2 H groups formed, and from their positions, the number and 
relative position of the alkyl radicals in the original benzene hydro¬ 
carbon can be established. When the side chains are long, inter¬ 
mediate products can be obtained by careful oxidation, especially 
with KMn 04 , the oxidation following the same kind of course as with 
aliphatic compounds (c/. the aromatic carboxylic acids). 

3. Chlorine and bromine in the dark, at ordinary temperature, 
and in presence of carriers, replace the hydrogen atoms of the ben¬ 
zene residue. At higher temperatures and in sunlight, the hydrogen 
atoms of the side chain are replaced. 

4 . Concentrated nitric acid gives nitro-compounds. If, however, 
the temperature is high, there is usually some oxidation of the side 
chain. 

5. Concentrated sulphuric acid when heated with the alkyl- 
b(‘nzenes gives sulphonic acids; if the acid contains excess of SOs, 
the reaction takes place at lower temperatures. The sulphonic 
acids can be reconverted into the hydrocarbons (p. 40), so that 
sulphonation can be used for separating and purifying benzene homo- 
logues. 

6. Like benzene, the alkyl-benzenes unite with ozone to form explosive tri- 
ozonide^ which are decompased by water with the formation of aliphatic dialde¬ 
hydes {Harries, Ann. 343, 369). Oxygen hardly attacks the alkyl-benzenes at 
all, even at 100®, and when acting for several weeks; minute quantities only of 
mono-aldehydes and mono-^arboxylic acids are formed {Stephens, Am. 48, 1824). 
Catalytic oxidation converts ethyl-benzene into acetophenone, and isopropyl¬ 
benzene into dimethylpheiiyl-carbinol. Autoxidation of toluene in sunlight 
produces benzaldehyde and benzoic acid; the xylenes yield toluic and phthalic 
acids; o-xylene, however, does not give phthalic acid {Ciamician, Atti R. Accad. 
Lincei, 20, 673). In addition, peroxides are formed {Suida, Ber. 45, 2909). 

For the action of other oxidising ^ents see p. 34. F'or the electrochemical 
oxidation of benzene homologues see Fichter and MuUer, Helv. 18, 831. 

7. With chromyl chloride, CrOiCli, the homologues of benzene give compounds 
which, with water, give aromatic aldehydes and ketones. 

8. Acetylene in the presence of HtSOi and HgO or HgS 04 reacts with alkyl- 
benzenes giving ethylidene-aryls of the type MeCH(C 4 H 4 alk)* {Reilly, Am, 50, 
2564) • 

9. When gaseous benzene hydrocarbons are strongly heated, pyroHcondensa- 
tion takes place. Benzene gives diphenyl, toluene gives dibenzyl, atilbene and 
anthracene {Meyer, Mo. 37, 681), 

Isomerism ,—^Theory requires that toluene, the first homologue of 
benzene, should exist in one modification only and actually only one 
is known. The six hydrogen atoms of benzene are equivalent 

(p. 2). 

The disubstitution product, dimethyl-benzene or xylene, is known 
in three isomeric forms: 
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CH, (1) 
CH, (2) 


o-Xylone 


/CH, (1) 

aiiz 

X)H, (3) 

p-Xylene 


C,H,<[ 


CH, (1) 
CH, (4) 


rn-Xylene 


Ethyl-benzene, CcHs-CaHe, is isomeric with the xylenes: 

Eight isomers of the formula C 9 H 12 are possible, and all are known: 
(1) three trimothyl-benzenes, (2) three ethyl-methyl-benzenes, (3) 
^ two propyl-benzenes, the n- and the isa-propyl compound. 

Thus, the isomeric relationships are determined by the position, 
number, homology, and isomerism of the alkyl groups which replace 
the hydrogen atoms of benzene. 

Constitution .—^The safest conclusions as to the constitution of the 
alkyl-benzenes are those deduced from Fittig^s synthesis (p. 38), 
since intramolecular rearrangements do not take place in the course 
of this reaction, so far as is known, and the alkyl groups take the 
places formerly occupied by the halogen atoms. Oxidation is also 
important for detennining the number and positions of the side 
chains (see above). 

The following table shows the more important alkyl-benzenes and 
their properties: 


Name and Formula 

M.p. 

B.p. 

d. 

Toluene CeHjCHa 

-95** 

110 . 8 ** 

0.8812(20/4°) 

Xylene, dimethylbenzene C 6 H 4 (Cfi 3)2 
o-Xylene 



0.8932(0°) 

-25** 

146** 

m-Xylene, isoxylene 

-54** 

139** 

0 8815 (0°) 

p-Xylene 

+14** 

138** 

0.8801 ( 0 °) 

Ethylbenzene C 6 HJCH 2 CH 3 

-93** 

136** 

0.8845(0°) 

Trimethylbenzene Celia(C'H 3)3 




1,2,3-Hemimellitene 


175** 

0.8913(22/4°) 
0.8805 (14°) 

1,2,4-Pseudocumene 

-ei** 

170** 

1,3,5-Mesitylene 

- 53 ** 

■TtBiM 

0.8634(20°) 

Methylethylbenzene CelleCCHa) (CaH#) 



0 8841 (16°) 

(h or 1,2- 


165** 

w- or 1,3- 


162** 

0.8690(18°) 

p- or 1,4- 


162** 

0.8664(16**) 

-Propylbenzene CellsCHjCHaCHa 


158 5° 

0.8810(0°) 

Isopropylbenzene, cumene CeHeCH( 0113)2 


153° 

0.8798(0°) 

Tetramethylbenzene C 6 H 2 (CH 3)4 



0.9044(16°) 

1,2,3,4- 

- 4 ** 


1,2,3,5- = Isodurene 

+52** 

196° 

0.8961 (0/4°) 

1,2,4,5- = Durene 

80** 



Methylisopr^ylbenzene CelbCCHa)- 
[CH(CH3 )i] 



0.8902(0°) 

1,2- 


175** 

1,3- 

p p • 

175** 

0.8628(17°) 

1,4- * Cymene 

-73** 


0.863(15°) 

tert.-Butylbenzene CeHeC(CH 3)3 

-60** 

169.3** 

0.8671 (20°) 

Pentamethylbenzene CeH(CH 3 )j 

53** 

231** 


Hexamethylbenzene Ce(CH 3)6 

166** 

264** 


Pentaethylbenzene CeH (Calls)# 


277° 

0.8985(19°) 

Hexaethylbenzene C 6 (C 2 He)e 

i26** 

298** 



From this table it is seen that isomeric compounds of the same 
formula, such as the three xylenes, have almost the same boiling 
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points. Among the xylenes, the o-compound has the highest boiling 
point, the m-compound the next lower, and the p-compound the low¬ 
est boiling point of the three, though it melts at the highest tempera¬ 
ture. Durene and isodurene (tetramethyl-benzenes), pentarnethyl-, 
hexamethyl-, and hexa-ethylbenzenes are solids at room temperature. 

Introduction of a methyl group raises the boiling point of a methyl- 
benzene by 24 -30®, as can be seen from the data for toluene, the xy¬ 
lenes, and the more highly methylated benzenes. Introduction of a 
methyl group into the side chain raises the boiling point by about 
24®, as can be seen from the data for toluene, ethyl-benzene, and n- 
propyl-benzene. 

For optical and other physical constants of the benzene hydro¬ 
carbons see A iaoeni, Ann. 419, 92. 

Toluene, Celle-CHa. The name comes from Tolu balsam, from 
which it can be obtained by dry distillation. It is found in coal-tar 
together with thiotolene, methyl-thiophene (Vol. IV), and, like ben¬ 
zene, is of imi)ortance industrially. It is formed by the general 
methods: 

1. From bromo-benzene by the action of methyl iodide and so¬ 
dium. 

2. From l)enzene by the action of methyl chloride and aluminium 
chloride. 

5. By the action of aluminium chloride on polymethyl-benzenes 

4, From the three toluic acids, and the rnethyl-benzene-poly- 
carboxylic acids, on distillation with lime. 

On reduction, toluene is converted into inethylcyclohexane, on oxidation with 
dilute nitric acid or chromic acid into benzoic acid, and with chromyl chloride, 
Cr 02 Cl 2 and wat(!r, or manganese dioxide and sulphuric acid, or ceric sulphate, 
into benzaldehyde. On nitration it gives o- and p-nitrotoIueneB, and on sulphona- 
tion much p- and a little o-toluene sulphonic acid. Its electric moment is 0.4 D. 

The action of chlorine on toluene is noteworthy. At the boiling 
point and in sunlight, only the hydrogen atoms of the side-chain are 
replaced to give 

benzyl chloride, CAhClhCl 
benzal chloride, CellsCJlCb, and 
benzotrichloridti, CeHsCCl.j. 

In the cold, on the other hand, o- and p-chlorotoluenes, C 6 H 4 Cl Me. 
are formed. In presence of iodine or ferric chloride, chlorine enters 
the ring only, even at tlu' boiling point. {Beilsiein, Ann. 139, 311). 
On the other hand, a small (piantity of PCU is said to facilitate the 
entrance of chlorine into the side-chain {Erdmann^ Ann. 272,150). 

THE HYDROCARBONS, CsHio. There are three xylenes, or 
dimethyl-benzenes, and one ethyl-benzene. The three xylenes ar<' 
found in coal-tar, m- (or iso-) xylene being most abundant, and the 
most important of the three from the industrial point of view. 

o- and p-Xylenes are oxidised by dilute nitric acid first to o- and p-toluic acids, 
and then to o- and p-phthalic acids; w-xylene is attacked with greater difficulty 
Pot^ium permanganate similarly oxidisc.s the three xylenes to the correspondinn 
toluic and pbthalic acids. Ordinary sulphuric acid dissolves o- and m-xylonps; 



44 


MONONUCLEAR BENZENE HYDROCARBONS 


xylene sulphonio acids are formed and can be separated by means of their salts or 
sulphonamides {Jacobsen^ Ber. 10,1013; 14, 2625). When crude xylene is steam- 
distilled, p-xylene passes over first. For the separation of the three xylenes see 
WiUiamSf J. 1930, 37. 

0 "Xylene. <»-Xyleiie can he obtained by the action of methyl iodide and sodium 
on o-bromotoluene; KMnO^ converts it into phthalic acid, but chromic acid 
oxidises it completely to COa and HaO, as is the case with many o-derivatives. Its 
electric moment is O.Ss D. 


m-Xylene. The formation of ??i-xylene from mesitylenie acid by 
heating with lime was of theoretical importance, because the re¬ 
action links m-xylene to mesitylene, in which the three methyl groups 
were known to be in the 1,3,5-positions. It follows that the toluic 
and phthalic acids which arc obtained in the oxidation of m-xylene 
are meta-compounds (p. 13). The electric moment of this com¬ 
pound is 0.4 D. 


CH, (1) 
(3) 

\h, (5) 

Mesitylene 


COOH 
CJH.—CH, 




( 1 ) 

(3) 

(.‘i) 


Meaitylenic 

acid 


Cell. 


< 


■CO,H (1) 
CH. (3) 


m-Toluio 

acid 


/CH, (1) 

C,H4< 

^CH, (3) 

m-Xylene 

/CO,H (1) 

—» cai< 

\CO,H (3) 

Isophthalic 

acid 


p-Xylene.—p-Xylene is formed when camphor is distilled with ZnCla, and has 
been synthesised from p-bromotoluene, and from p-dibromobenzene by the action 
of methyl iodide and sodium {Jannaach^ Ber. 10, 1355). On oxidation with 
nitric acid it first gives p-toluic acid, then terephthalic acid, and with CrOi, 
terephthalic acid only. Electrochemical oxidation produces p-toluyl alcohol, jh 
tolyl aldehyde, and hydrotoluin, MeC 6 H 4 CHOH CHOHCdHiMe {Fichter, Helv. 
9, 1097). It dissolves in fuming sulphuric acid forming a crystalline sulphonic 
acid. Its electric moment is zero. 

Ethyl-benzene, CaHjClIjCIIa, is also found in coal-tar, and is obtained from 
bromobenzene by the action of ethyl bromide and sodium, and from benzene by 
the action of ethyl bromide and aluminium chloride. It is also formed by the 
catalytic reduction of styrene, PhCH^==CH 2 (WillstdUerf Ber. 46, 535). It is 
formed together with diphenyl-ethane by the action of vinyl chloride and alu¬ 
minium chloride on benzene (Davidson, Am. 51, 2978). It can be prepared from 
benzene and ethylene under pressure with BF| as oataylst, topther with diethyl¬ 
benzenes (Ipatieff and Orosse, Am. 58, 2339). It is oxidised by dilute nitric acid 
and by chromic acid to benzoic acid, and by CrOaCl* to phenyl-acetaldehyde, 
PbCHaCHO. 

THE HYDROCARBONS, C 9 H 12 . The isomeric relations between 
the eight compounds of this formula—the three trimethyl-benzenes, 
three methyl-ethyl-benzenes, and two propyl-benzenes—have been 
mentioned on p. 42. Their physical constants are given in the 
table on p. 42. 

Mesitylene, sym-trimethyUbenzene, is found in coal-tar and in 
some fractions in the distillation of naphtha {Konovalov). Its forma¬ 
tion from allylene or acetone under the influence of cone, sulphuric 
acid {Lucas, Ber. 29, 958, 2884), which was discussed on p. 25, 
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was discovered by Kane in 1837. For the preparation by means of 
this reaction see Adams, Org. Synth. 2, 41). HCl, at a temperature 
of 100-200°, and a pressure of 100 atm., has the same effect as sul¬ 
phuric acid (Ipatieff, Ber. 63, 3072). The proof of its s}rmmetrical 
structure (p. 12) has been a corner stone in establishing the orienta¬ 
tion of many benzene substitution products. With dilute nitric 
acid mesitylene gives mcsitylenic, uvitic, and trimesic acids. 


CH, (1) 
Cdl,—CH, 


COjH 

(5) 

Mesitylene Mesitylenic acid 


\!ir, 


(3) 


(1) COJl (1) COdl (1) 

(3) -» gjH,—COiH (3) -+ (3) 

(5) \:h, (5) \:o,H (6) 

T^vitio acid Trimesic acid 


With ozone mesitylene gives a triozonide, which is decomposed by water with 
formation of methyl-glyoxal {Harries^ Ann. 343, 370). 

Pseudocttmene, Ij'Sy i-lnmethylbenzerie^ is also found in coal-tar. It is sepa¬ 
rated from mesitylene by means of its sparingly soluble sulphonic acid, from 
which it is regenerated (p. 40'. It can be obtained from bromo-p-xylene and 
4-broino-m-xylene, which establishes its constituti(»n. 

\ 

Hemimellitene, 1^2fS-trimethylbenzene, is found in coal-tar {Schultz, 
Ber. 42, 3603), and is obtained from isodurylic acid, C6H2Me3C02H, 
and from 2-broino-//i-xylene by the action of methyl iodide and 
sodium. 


The three fthyl-toluenes are prepared from the tliree bromo-toluenes by the 
action of an ethyl halide and sodium. All three have been detected in coal-tar 
{Schultz, ibid, 3613). 

w-Ethyl-toluene is fonned when turpentine is passed over copper at 600® 
[MaiUie, Bull. 29, 290). 

p-Ethyl-toluene has been obtained by reduction of ?>-methyl-styrene, ^resyl- 
ketone, and inethyl-yMolyi-ketoiie {Deirea^cn, Ber. 28, 2648; Klages, Ber. 36, 
1637; Auu^ers, Ann. 419, 110). 

n-Propyl-benzene is obtained from bromoben^-ene by the action 
of n-propyl bromide or iodide and sodium, from benzyl chloride by the 
action of zinc diethyl, from benzene, n-propyl bromide and aluminium 
cliloride at —2° {Heise, Ber. 24, 768), and also from propenyl-benzene, 
PhCIIiCHCIIs by the action of sodium and alcohol {Klages, Ber. 36, 
622). It is prepared from benzyl magnesium chloride by the action of 
diethyl sulphate {Gillnuinn, Org. Synth. 1, 458). lt» has been de¬ 
tected in coal-tar. 

Cumene, isopropyl-benzene, CeH 6 CH(CH 8 ) 2 , first obtained from 
cuminic acid, Me 2 CHC 6 H 4 C 02 H, by distilling with lime, has been 
synthesised from benzal chloride and zinc methyl, and from benzene 
and isopropyl chloride or bromide in the presence of aluminium 
chloride. If n-propyl bromide is used in the last reaction instead 
of the isopropyl compound, isopropyl-benzene is still formed, unless 
the reaction is carried out in the cold, because on heating, and in the 
presence of aluminium chloride, the n-propyl radical rearranges to 
isopropyl. The most convenient method of synthesis is the reduc¬ 
tion of isopropenyl-l)enzene, PhCMe:CH 2 , with sodium and al¬ 
cohol {Kluges, Ber. 35, 2640). It is formed, together with di- and 
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tri-isopropyl-benzenes, by the action of propylene on benzene in the 
presence of sulphuric acid or BFg {Wunderly, Am. 58, 1007; Ipatieff, 
ibid. 58, 2339). In the animal organism cumene is oxidised to iso¬ 
propyl-phenol (Schotten, Ber. 17, 2551). 

THE HYDROCARBONS, CwHi^. Theory predicts 22 isomers: 


CelLCCir,). G 




C 2 H 5 


Number of isomers: 

3 6 


(CH,)2 


CsH. 


C2H6 


aM 


/C 3 H 7 

cjtZ 

^CH3 

6 


CdU-CJU 


(a) The three j)ossil)le tetramethylbenze 7 ies, C6H2(CH3)4, are known. 

Durene, 1,2,4,.V or sijtn-U tinmcthylhvHzene, is IouimI in eonUXtxvJSclndzt ., iier. 18, 
3034), and has been prepared by the following reactions: from 6-bromo-pseudo- 
cumene and from 4,r)-dibromo-7n-xylone by the action of methyl iodide and 
sodium; from toluene, xylene, or pseudocumene by the action of methyl chloride 
and aluminium chloride {Smithy Org. Synth. 10, 32); from />-xylene by the action 
of formiildehyde and IICl and reduction of the resulting dichloromethyl com¬ 
pound, C\H2[l,4]Me2[2,5](CIl2Cl)2, with zinc dust and NaOII {Braun, 15er. 67, 
1094); and from penta- and hexaxnetliyl benzene by the action of AlCb. On oxi¬ 
dation it gives durylic acid and cumidic acid, Me 2 Ci,H 2 (C 02 ll) 2 , which establishes 
its symmetrical structure. Cone, sulphuric acid converts durene into hexamethyl- 
benzene and the sulphonic acids of prehnitol, pseudocumein;, and m-xylene, which 
can be separated by means of their amides. Pentamethyl- and penta-ethylben- 
zenes behave similarly {Jacobsen, Her. 20, Sl'^G). 

Isodurene, 1,2 3.r>- oi unsym-ii iiatmthiflbcfrA is obtained from bronioniesitv- 
lene, methyl iodide, and sodium {Jannasch, Per. 27, 3441), which establishes its 
constitution. It is formed when camphor is treated with zinc chloride or iodine 
{Armstrong, Ber. 16, 2259). On oxidation it gives 3-isodurylic acid, and finally 
prchnitic acid (p. 396) {Jacobsen, Ber. 15, 1853). 

1,2,3,4- or r/.r-Tetrametl»yl-benzene (oft<*n incorrectly called jirehnitol) Inis 
been prepared from 2-bromo-pscudocumcne and from 2,4-(libromo-m-xylenc by 
the action of methyl iodide and sodium. On oxidation it gives a trimethylbenzoic 
acid, C6H2(Me)3C02H, and iiKillojdianic acid, Cull2(C02H)4 (p. 396) {Jacobsen, 
Ber. 19, 1814; 21, 282). 

(6) The dimethyt-ethyl-benzenes, 1,2,4- b.p. 189°, and 1,3,4- b.p. 184°, and 1,4,3- 
b.p. 185°, are formed when camphor is treated with ZnCb or iodine, and are ob¬ 
tained from the corresponding dimethyl-vinyl-benzenes by reduction. The 1,3,5- 
compound, b.p. 185°, has lieen prepared from acetone, and from methyl-ethyl- 
ketone with II 2 SO {Klages, Ber. 36, 1637; Stahl, Ber. 23, 988; Uhlhorn, ibid. 
2344; Ber. 25,1533; Ber. 18, 666). 

(c) The three diethyl-benzenes on oxidation give first ethyl-benzoic and then 
phthalic acids. m-Diethyl-benzene is formed when ethylene is jiassed through 
benzene in the jiresence of aluminium chloride {Cnperthavcr, Reid, Am. 49, 3157). 
p-Diethyl-benzene, b.p. 183°, has been obtained from 7 >-ethyl-styrene by reduc¬ 
tion {Klages, Ber. 36, 1633). 

(d) Methyl-nTpropylrhenzenes: o- b.p. 181°, m- b.p. 177°, p- b.p. 183°, are 
prepared from 0 -, m-, and p-bromotoluene, n-propyl iodide and sodium {Wid~ 
mann, Ber. 24, 443; Tohl, ibid. 1649; Bayzac, Ber. 29, R 417). 


(e) Meihyl-isopropyUhenzmes, cymenes. The most important of 
these is p-cymene. w-Methyl-isopropyl-benzene or m-c 3 anene is 
found in light resin oil [Kelbe, Ann. 210,10), and is also obtained by 
heating fenchone with P 2 O 6 {Wallach, Ann. 275,157). o-Cymene has 
been prepared from o-bromociimene by the action of feodium and 
methyl iodide {Sprtnkmeyer, Ber. 34, 1950), and also from o-a- 
dimethyl-styrene, ,CH 8 *C 6 H 4 -CMe:CH 2 , by catalytic reduction. 
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The 0 - and m-cynienes have been obtained by dehydration of di- 
methyl-o- and m-tolyl-carbinols, with subsequent reduction (Eisen-- 
lohr, Ber. 57, 1808). All three isomers can be obtained by treating 
the corresponding toluic esters or methyl-acetophenones with an 
excess of magnesium methyl iodide. The o- and p-compounds are 
obtained, together with 2,4-di-isopropyl-toIuene by direct intro¬ 
duction of the isopropyl group into toluene (Pessaigne^ Bull. [5], 2, 
617). 

p-Cymene, lf4-methyl-isopropyUbenzene (see table on p. 42), is 
found, together with cuminic aldehyde, in Roman caraway oil 
from the seeds of Cuminum cyminuniy in the oil from the seeds of 
cowbane, Cicuta virosa^ in the oil from Ptychoiis ajowan^ in thyme oil, 
in eucalyptus oil from Eucalyptus globulus, and in many other essen¬ 
tial oils. It is prepared from thymol, carvacrol, or camphor, by the 
action of P 2 S 6 . {Armstrong, Ber. 16, 2259) or P 2 O 6 {Fittica, Ann. 
172, 307); from turpentine oil and other terpenes, by the removal of 
2H by the action of H 2 SO 4 or I 2 ; from dipentene and white camphor 
oil by treating with S in the presence of certain catalysts, particularly 
ZnCl 2 {Kimura, J. Soc. Chem. Ind. Japan, 37, 1934). The formation 
of cymene on boiling cuminyl alcohol with zinc dust, and from 
citral (Vol. II, p. 204), and, in large quantities, in the manufacture of 
sulphite paper pulp and of xylose should be noted. The constitu¬ 
tion of p-cymene was established by Widman (Ber. 24, 439, 970, 
1362) by synthesis from p-bromo-isopropyl-benzene, methyl iodide 
and sodium. C 3 nnene has a pleasant odour; its most characteristic 
derivative is barium cymene-sulphonate (CioHi 3 S 03 ) 2 Ba + 3 H 2 O, 
which crystallises in shiny leaflets. 

By the action of dilute IINO 3 or of chromic acid cymene is oxidised to p-toluic 
and tcrephthalic acids, but in the animal organism, or on shaking with NaOH and 
air, it is oxidi.sed to cuminic acid. KMn 04 gives 7 ?“(hydroxy-isopropyl)benzoic 
acid, (CH3)2C(0H)C6H4C02lI, m.p. 155-156®, which loses water on treatment 
with HCl or H 2 SO 4 , loses water and gives p-isopropcnylbenzoic acid, in two iso¬ 
meric forms, m.ps. 160-lGl® and 255-260® {Meyer, Ann. 219,282). The action 
of concentrated IINO 3 on cymene produces p-tolyl-methyl-ketone {Widman, 
Ber. 19, 588; Holleman, Ber. 20, K373). The vapours are decomposed by 
activated Fuller’s earth at 300-450®, into toluene and propylene (Ger. Pat. 
483,640). With AICI 3 toluene and other hydrocarbons are formed {Schorger, 
Am. 39, 2671). 

(/) Butyl-benzenes: n-Butyl-benzene, b.p. 180°. Isobutyl-benzene, b.p. 
169®. sec.-Butyl-benzene, b.]>, 174°, is obtained by reduction of sec.-butenyl- 
benzene, Ph‘CMe *(’110118 (Klages, Ber. 35, 2642). Tert.-butyl-benzene, b.p. 
168.7°. The latter is not attacked by bromine in sunlight in the cold {Seukooshi, 
Ber. 29, 2412; Baur, Ber. 27, 1610). The introduction of butyl radicals into 
benzene can be best carried out with FeCls {Noelting, Chem. et Industrie 6, 719) 

Higher homologues of toluene. Only the following compounds will 
be mentioned. 

THE HYDROCARBONS, Cnllie. Pentamethyl-benzene (see table, p. 42) 
is obtained together with hexamethylbenzene, from toluene, xylene, or mesitylene 
by the action of methyl chloride and aluminium chloride {Jacobsen, Ber. 20, 
896), and from xylene via the trichloromethyl command, C6HMes(CHiCl)i 
{Braun, Ber, 67,1095). For its behaviour towards cone, HaS04 see durene, p, 46. 
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L3,5-Diethylmethylb6nzene, b.p. 198-200°, is formed when a mixture of ace¬ 
tone and metnyl-ethyl-ketone is treat^ed with sulphuric acid. 1,2,4,5-Trimethyl- 
ethyl-benzene, eihyUv^evdchcamene, b.p. 207°. Ethyl-mesitylene, b.p. 208°. 
1,3-Methyl-tert.-butyl-benzene, b.p. 185-187°, occurs in resin oil obtained by 
the distillation of fir resin, and has been obtained from toluene and isobutyl bro¬ 
mide in the presence of aluminium chloride. Its trinitro-derivative is the artificial 
toluene-musk (p. 65^ The isomeric 1,4-tert.-butyl-toluene, rn.p. 192-193° is 
obtained from toluene and isobutyl alcohol under the influence of fuming sulphuric 
acid. Tert.-butyl-Cjrmenes, b.p. about 22.>°, are intermediate products in the 
preparation of an artificial musk (p. 65) (U. S. Pat. 1,951,123; Thil^ Ber. 25, 
1530; KlageSj Ber. 36, 1641). Amyl-benzenes, see Konavohv, C. 1899,1, 776; 
Klages, Ber. 35, 2644. 

THE HYDROCARBONS, CvJh^. Hexamethyl-benzene (see 
table, p. 42) is obtained by polymerisation of crotonylene under 
the influence of H 2 SO 4 , by heating xylidine hydrochloride with 
methyl alcohol to 300®, by passing the mixed vapours of methyl 
alcohol and acetone over heated alumina {Recklehen, Ber. 46, 2363), 
and by the methods mentioned under durene and pentamethyb 
benzene. It is insoluble in sulphuric acid since it forms no sul- 
phonic acid. Potassium permanganate oxidises it to benzene- 
hexacarboxylic acid (mellitic acid), C 6 (C 02 H) 6 . 

p-Di-n-propyl-benzene, b.p. 220-221°, lias been prejiared from /^-dibromo- 
benzene, and p-n-propyl-isopropyl-benzene, b.p. 212°, from cuininyl chloride, 
ClCHfCJ 6 H 4 CHMe 2 , and zinc diethyl. On oxidation with llNOj, both give 
n-propyl-benzoic acid, and an isomer of cuminic acid. Propyl-mesitylene, 
b.p. 221° (PAo/, Ber. 28, 2460), isobutyl-mesitylene, b p. 228-230°, and isoamyl- 
mesitylene, b.p. 241-243°, are obtained by reduction of the corresponding acyl- 
mesitylenes (KlageSy Ber. 37, 1715). 1.3,5-Triethyl-benzene, b.p. 218°, is 
formed from methyl-ethyl-ketone by the action of 1 I 2 S 04 , and, together with 

1.2.4- triethyl-benzene, from benzene, ethyl chloride, and aluminium chloride. 
The sulphonic acid of the latter is more stable towards phosphoric acid, so that 
the two isomers can be separated. The 1,2,4-coinpound can also be obtained 
from diethyl-vinyl-benzene by reduction {Klagcs, Her. 36, 1634; .1. }>r. 65, 394). 

1.2.3.4- Tetra-ethyl-benzene, b.p. 254°. 1,2,4,5-Tetra-ethyl-benzene, m.p. 13°, 
b.p. 250° (Klages, Ber. 36, 1635). Penta- (see table, p. 42) and hexa-ethyl- 
benzene are obtained from benzene, ethyl bromide, or ether, and alundnium 
chloride (JacohseUf Ber. 21, 2819; Galle^ Ber. 16, 1745). For optically active 
hexyl-benzenes, PhCH 2 CH 2 CHMe*C 2 H 6 , b.p. 220°, and PhCllMe CH 2 ('HMe 2 , 
b.p. 197°, and p-isopropyl-hexylbenzene, C8ll7*C«H4Cll2C'Il2ClIMe-02116, b.p. 
265°, see Klages, Ber. 37, 654, 2308; 38, 2313 Heptyl-benzene, PhfTIMe- 
CHjCHiCHMej, b.p. 245° (Braun, Ber. 45, 2180). Tert.-p-butyl-ethyl-ben- 
zene, b.p. 209-213°, is obtained from />-butyl-acetophenono (Holleman, Rec. 
23, ^5). Tert.-p-dibutyl-benzene, m.p. 76°, b.p. 236° (Bddlker, Bull. [3], 31, 
965). Tert.-butyl-m and -p-cymenes, b.ps. 227° and 228° (corr.), are obtained 
from the cymenes by the action of tert. butyl alcohol and H 2 SO 4 (Barbicr, Holv. 
15, 692). Dimethyl-tert.-butjrl-benzene, b.p. 201-203°, is obtained froru m- 
xylene and triisobutyl borate in the presence of AlCls (Br. Pat. 367292). 

The following mono- and di-alkyl benzenes with long side-chains have been 
prepared from bromobenzene and bromotoluene by Fittig’s method (Krafft, 
Ber. 21, 3182; 29, 1326): n-hexyl-benzene, b.p. 224-228°, n-heptyl-benzene, 
b.p. 244-246°, n-octyl-benzene, b.p. 257°, n-nonyl-benzene, b.p. 98-100° (1 mm.) 
(Weygand and Mensdorf, Ber. 68, 1830), cetyl-benzene, CeHs-CuHis, m.p. 27°, 
b.p. 230° (15 mm.), o-methyl-cetyl-benzene, m.p. 8-9°, b.p. 239° (15 mm.), 
m-metbyl-cetyl-benzene, m.p, 11-12°, b.p. 237° (15 mm.), p-me^yl-cetyl- 
benzene, m.p. 27°, b.p. 240° (15 mm.), octadecyl-benzene, m.p. 36°, b.p. 249° 
(15 mm.). Bomyl-benzene, b.p. 117° (1.5 mm.), is obtained from bomyl chlo¬ 
ride and benzene under the action of AlCU (Kamienskif Roezn. Chem. 14, 1348; 
IS, 92). 
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2. HALOGEN DERIVATIVES OF THE BENZENE 
HYDROCARBONS 

Halogen Nuclear Substitution Products 

Benzene, in sunlight, adds on six atoms of chlorine or bromine, 
forming benzene hexachloride and benzene hexabromide —substances 
which, as cyclohexane derivatives, have been dealt with in connec¬ 
tion with that hydrocarbon (VoL II, p. 92). The hydrogen atoms 
attached to the benzene nucleus are, however, easily substituted by 
chlorine and bromine, more readily, in fact, than the hydrogen 
atoms of paraffins. 

Properties and reactions. —The halogen-substituted benzenes are 
colourless liquids or colourless crystalline su})stances. They have a 
faint, but not unpleasant odour. They are insoluble in water, but 
dissolve readily in organic solvents, and volatilise without decom¬ 
position. Of the dihalogen-substituted benzenes the para-compounds 
are solid at ordinary temperature; they melt at higher, but boil at 
lower temperatures than the o- and m-compounds. 

The union between the halogen atoms and the benzene nucleus is 
remarkably stable. They react only with great difficulty with alka¬ 
line hydroxide {Weber^ Ber. 18, 335; BlaUy Mo. 7, 621; Ger. Pats. 
249,939 and 269,542), ammonia, KCN, etc., quite unlike the alkyl 
halides (Vol. I, p. 162); but metals, such as magnesium, sodium, and 
copper remove halogen atoms, especially from bromo- and iodo-eom- 
pounds. This is of importance in the synthesis of homologous ben¬ 
zene hydrocarbons (p. 38). Grignard compounds are readily formed 
by the action of magnesium, and are also important in synthesis. 
Chloro-, bromo-, and iodo-benzene react particularly readily with 
piperidine, phenyl-piperidine being formed. Prolonged heating 
with dimethylamine gives dimethylaniline {Sellmann, Ber. 21, 2279); 
Menschutkin^ C. 1898, II, 478); cf. nitrohalogen-substituted ben¬ 
zenes, p. 62. Small quantities of powdered copper, or copper salts, 
which act catalytically, greatly facilitate the reaction with ammonia 
and amines {Goldberg, Ber. 40, 4541; Ger. Pat. 204,951). Sodium 
amalgam in alcohol, hydrogen iodide and phosphorus {Afonneyrot, 
Bull. [3], 19, 554; Klages, J. pr. 65, 564), nickel and hydrogen at 
270^ {Sabatier, C.r. 138, 245), or catalytically activated hydrogen 
in solvents in the cold {Rosenmumi, Ber. 51, 578) reduce the halogen- 
substituted benzenes to bcinzene hydrocarbons. When the mono¬ 
halogen compounds are hydrogenated under pressure in presence 
of KOH, diaryls, and polyaryls are formed {Busch and Weber, J. pr. 
146, 13). When their vapours mixed with hydrogen are passed 
over heated alkaline-earth phosphates or other catalysts, the halogen 
is replaced and phenols are obtained (U. S. Pat. 1,935,468). Phenol 
is also formed in good yield when chlorobenzene is heated with 
aqueous sodium hydroxide at 300® in an autoclave fitted with a 
stirrer {Voroshzov), 

Fluorobenzenes are formed from benzene diazo-pi}7endides by the action of 
iiydrofliioboric acid (Wallach, Ann. 243, 221): 

PliN»«N— NC»Hio -f 2HP - PhF + Nt + HNCiHio HF 
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They are formed from benzene-diazonium chlorides, sulphates, and fluorides 
(g.i?.) by decomposition with aqueous hydrofluoric acid, or hydrofluoboric acid, 
or sodium fluoborate {Holleman^ Roc. 24, 25, 140: Schiemanny Ber. 62, 3035). 
The best method is to precipitate the sparingly soluble diazonium borofluoride 
ArN 2 BF 4 ; the dry salt when heated decomposes smoothly into BF| and the 
fluoro-compound (Balz, Schiemann^ Ber. 60, 1186). For tne action of fluorine 
on aromatic compounds see BockemUller^ Ann. 504, 34, 57. 

Fluorobenzene, (^lUF, m.p. —39.2®, b.p. 85°, dJS 1.0244, electric moment 1.4 
D., has also been obtained by heating fluorobeuzoic acid with HCL 

o-Difluorobenzene, m.p. —34°, b.p. 91-92°, electric moment IJ.SS D.; m- 
difluorobenzene, m.p. — 59“, b.p. 82.8°, from the diazophenylene-diamines by 
treating them with hydrofluoboric acid {Schiemarmy Ber. 62, 3035); p-difluoro- 
benzene, m.p. —13°, b.p. 88.5°, dia.g 1.173; dipole moment zero. 

Chlorobenzenes. Methods of formation —(1) Free chlorine acts 
only slowly on benzene, bnt its action is catalysed by I 2 , Mods, 
VCI4 (Steele, Proc. 1903, 222), FeCls (Thomas, C.r. 128, 1576), or 
AICI 3 . The chlorine may be diluted with HCl gas (Fr. Pat. 480,151, 
add. 22,138). Chlorination can also be effected with PbCl 4 - 2 NH 4 Cl 
(Seyewetz, C.r. 135, 1126). 

(2) The hydroxyl group of phenols is replaced with difficulty by 
chlorine by the action of PCU; this replacement occurs more readily 
in the nitrophenols. 

(3) A very important method for preparing chlorol)enzenes and 
aromatic halogen-substituted derivatives in general, is based on the 
reactions of the diazo-compounds, which are obtained from amino- 
compounds, the reduction products of nitro-compounds. The higher 
the atomic weight of the halogen, the more readily does the reaction 
take place. No atomic rearrangement is involved, the halogen tak¬ 
ing the place previously occupied by the diazo, amino, or nitro-group 
(see p, 123). If, therefore, the constitution of one compound in a 
series of di- and poly-substitution products is known, the constitution 
of all of them can be arrived at. 

In the electrolytic chlorination of benzene in a mixture of acetic acid and cone. 
IICl, chlorobenzene, p-dichlorobenzene, as-tetrachlorobenzene, chloranil, penta- 
chlorophenol, and hexachlorobenzcnc are formed in succession. Toluene behaves 
similarly (Fichter, Ber. 49, 2473). 


Name and Formula 

M.p. 

B.p. 

d. 

s 

Monocliloroberizene CelhCl 

-45° 

132° 

1.128(0“) 

1.55 

1,2-(o-)Di chlorobenzene CelliCh 

+ 16.7° 

180° 

1.293 (25°) 

2.25 

1,3-(?n-) Dichlorobenzcne 

-26 4° 

172° 

1.283 (25°) 

1.48 

1,4-(p-) DicJilorobeiizene 

+53° 

174° 

1 226(75°) 

0 

1,2,3-(t;-) Trichlorobenzene CW-iC Jh 

53^ 

218° 

1,2,4-(a.?-) Triclilorobonzeiie 

17° 

213° 

1 416(21°) 


1,3,5-(s-) Triclilorobenzene 

63 4° 

208° 

0 

1 ,2,3,4-(«;-) Tetr.achlorobenzene C 8 H 2 CI 4 

46° 

2.54° 


1,2,3,5-(tti{-)Tetrachlorobenzeiie 

51° 

246° 



l,2,3,5-(«“)Tetrachlorobenzene 

140° 

244° 



Pentaclilorobenzene CellCU 
Hexachlorobenzene CaOl# 

87° 

231° 

276° 

326° 




When chlorobenzene is further chlorinated, p-dichlorobenzene is the chief 
pr^uct, only a little o-dichlorobenzene being formed (ChaUaway, J. 69, 848). 
p-Dichlorobenzeno is also obtained from p-benzoquinone (^.».), by the action of 
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PCU. When o-, w-, and p-dichlorobenzcnes are further chlorinated, 1,2,4-tri- 
chloro-, and 1,2,4,5-tetrachlorobenzencs are formed (Co/ten, J, 87, 1360). The 
behaviour of the dichlorobenzenes on nitration is characteristic: 

o-Dichlorobenzene gives l,2-dichloro-4-nitrobenzene, m.p. 43°. 
??i-Dichlorobenzene gives l,3-dichloro-4-nitrobenzene, m.p. 42°. 
p-Dichlorobenzene gives l,4-dichloro-3-nitrobenzene, m.p. 55°. 

For the formation of highly chlorinated cyclohexanes in the chlorination of tri¬ 
chlorobenzenes, see van der Linden^ Hcc. 55, 315. 

Hexachlorobenzene, Julin*$ carbon chloride^ is often obtained when alkyl- 
benzenes, and other benzene derivatives are exhaustively chlorinated. It is 
formed on passing chloroform or C 2 CI 4 through a red-hot tube. 

BROMOBENZENES. These compounds are obtained by the 
same methods as the chloro-c<>mi)ounds: 1, By direct substitution 

in the presence of bromine carriers, such as Fe, AlBra, or a mixture of 
S 2 Br 2 and HNO 3 (Edinger, Ber. 33, 2883; Stark, Ber. 43, 672; Datta, 
Am. 38, 2543). From diazo-compounds (p. 123). 


Name and Formula | 

M.p. 

B.p. 

d. 


Monobromobenzene CJIaBr 1 

-31“ 

156° 

1.517 (0°) 

1.56 

l,2-(o-)Dibromobenzene CeThBra ' 

1 + 7.8“* 

225° 

1.977 a 7 “) 

2.0 

1,3- f m-) Dibromobenzenc 

1 - 6.5“* 

219.4* 

1.960(16“) 

1.5 

l,4-(p-)Dibromobenzene 

89° 

219° 

1.832(100“) 

0 

l,2,3-(f;-)Tribromobenzene CJIaBra 

87.8° 




1 ,2,4-(as-) Tribromobenzene 

44° 

275“ 



1,3,5-(8-)Tribromobenzene 

122 ° 

271° 



1,5^3^-^-) Tetrabromobenzene 





1 ,2,3,5-(as-) Tetrabromobenzene 

98° 

329° 



1,2,4,5-(5-) Tetrabromobenzene 

180° 

• • 1 



Pentabromobenzene CellBrs 

160° 

• • 



Hexabromobenzene CaBr® 

316° 


Eckert, J. pr. 





102, 362 



* Private communication of W. KOmer. 


The dibromobenzone obtained by bromination of hot benzene is chiefly the 
p-compound, with some ortho {Holleman, Ber. 10, 1345). The behaviour of the 
dibromobenzenes when nitrated la characteristic, as with the dichlorobenzenes. 

The production of tribromohemenes from the three dibromobenzenes has been 
used for determining the constitution of all these compounds (Kdrner; see p. 11). 
Hezabromobenzene is produced by heating CBr 4 at 300°. For chlorobromo- 
benzenes see Thomas^ Bull. [3] 21, 181; Noiieyrnty C.r. 129, 605; Hurtley, J. 
79, 1293; Holleman, Rec. 30, 305; Norbutt, Ber. 52, 1031. 

lODOBENZENES are obtained: 1, By KekiiWs method, by 
heating benzene, iodine, and iodic acid at 200° (Ann. 137,161): The 
reaction is represented by the equation: 

5C6ll6 “I* 41 -|- HIO 5 =* 5C®HsI 4" 3HjO. 

By treating benzene with a mixture of S 2 I 2 and HNOa; the 
latter has a dissociating effect on the sulphur iodide {Edinger, Ber. 33, 
2876), 
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S, More often, iodobenzenes are prepared from amino-compounds 
via the diazo-compounds (p. 123). 

4 . Bromobenzene may be converted into iodobenzene by forming 
the Grignard compound, PhMgBr, and then treating it with iodine 
{Bodrmx, C.r. 135j 1350). 


Name 

Formula 

M.p. 

B.p. 

M 

lodo-btmzene 

(Vij 

-28 5* 

188“ 

1.25 

1,2-( 0 -) Di-iodo-benzene 


+27® 

286® 

1 27 

1,3-( nt-) Di-iod o-benzene 


34® 

285“ 

1.69 

1,4- (p-) Di-iodo-benzene 

. . 

129® 

285“ 

0 

1,2,^(v-)Tri-iodo-benzeiie 

C.H.I. 

116® 



1,2,4-(f7s-) Tri-iodo-bcrizenc 

. , 

91 4® 



l,3,5-(5-)Tri-iodo-benzene 


184 2® 



l,2,3,4-(f;-)Tetra-iodo-benzene 

C 6 H 2 T 4 

136® 



1,2,4,6-(as-) Tetra-iodo-benzene 


148® 



1,2,4,5-(s-)Tetra-iodo-benzene 

1 

254® 



Penta-iodo-benzene 

calls 

172® 



Hexa-iodo-benzene | 

ca. 

340°-350® 




HEXAIODOBENZENE, Cel®, is produced by the exhaustive 
iodination of benzene-carboxylic acids (benzoic acid, terephthalic 
acid) with iodine and fuming sulphuric acid. It forms reddish- 
brown needles which melt and decompose at 340-350° {Rupp, Ber. 29, 
1631; Durand, Maned, Bull. [5] 2,665). 

l,3,5-Tri-iodo-2-chlorobenzene {Green, Am. Chem. J. 36, 600). 
For bromoiodobenzenes, see Hirtz, Ber. 29, 1405; Narbutt, Ber. 52, 
1032; Datta, Am. 41, 287, 292. l,3,5,-Tri-iodo-2,4,6,-tribromoben- 
zene, C^BrsI®, m.p. 322°, see Jslrati, C.r. 127, 519. 

lODOCHLORIDES. lODOSOBENZENE. lODOXYBEN- 
ZENE. DIPHENYLIODONIUM HYDROXIDE. Iodobenzene 
and its homologues are converted by the action of chlorine, or of 
, substances readily liberating chlorine, into iodochJoridee, .such a.s 
phenyl iodochloride, PlilCU {Willgerodt, 1880). In tlu*se compounds, 
chlorine is linked to iodine, as in iodine trichloride, ICI 3 . The forma¬ 
tion of these interesting compounds serves to cbaract(‘rise the iodi- 
nated benzene derivatives. 

The iodochlorides are readily converted into iodosobenzenea, e.g., 
PhIO, and should be regarded as chloro-anhydrides of the latter. 
These on oxidation give iodoxybenzenea, e.g., PhIO®. Finally, from 
iodoso- and iodoxy-benzene, dipheayl-iodonium hydroxide, a strong 
base, is obtained. 

Phenyl iodochloride, PhlClj, yellow needles, is formed when chlorine is passed 
into a solution of iodobenzene in chloroform. When heated or exposed to light, it 
loses HCl and Cl, and gives p-iodochlorobenzene and iodobenzene (Caldwell, 
J. 91, 240, 628; Zappi, Bull. 1929, 45, 848). When shaken with water ana 
alkali, or other bases, it gives iodosobenzene: 

C.HJCI, + 2KOH - C«H,IO + 2KC1 + H,0. 

For other reactions of phenyl iodochloride seo Zappi, Bull. 1930,47,612. 
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lodosobenzene, PhIO, is an amorphous substance, exploding at about 210^. 
On treatment with acidified KI it gives up its oxygen, with liberation of an 
equivalent quantity of iodine: 

PhIO 4- 2KI + 2Cn,COOH = Phi -f 2CH,COOK + 21 -f H,0. 

It behaves somewhat like a base, and gives salts derived from the hypothetical 
hydrate Phi (OH)*. 

Iodoz 5 [benzene, PhIO*, is formed by a disproportionation reaction when iodoso- 
benzene is heated alone or boiled with water: 

2 PhIO - Phi + PhlOi. 

It is also formed by oxidising iodosobenzene with HOCI, phenyl iodochloride with 
bleaching powder solution, or iodobeuzene itself with potassium persulphate and 
cone. H 2 SO 4 (Caro's reagent) {Willgerodt^ Ber. 29, 1567; 33, 8 ^; Bamberger^ 
Ber. 33, 633). lodoxybenzene e^lodes at 227-228®. With cone, hydrofluoric 
acid it gives benzeneiodoxy-fluoride, PhlOF*, which regenerates iodoxybenzene 
when treated W’ith water {Weinland, JBer. 34, 2631). 

4-Nitro-iodoxybenzene explodes at 212-213®, and is obtained by heating 4- 
nitro-iodosobenzene with water together with 4-nitro-iodobenzene (Willgerodt^ 
Ber. 26, 1808). 

2,4>Dinitrododoxybenzene, explodes at 140-160®, and is obtained by the ac¬ 
tion of HOCI in glacial acetic acid on 2,4Hlinitro-iodobenzene. For the reactions 
of both compounds with AgNOa, HCl, etc., see Vorldr^r, Rec. 48, 912; Ber. 70, 
146, 151. 

Diphenyldodonium hydroxide, PhilOH, is known only in aqueous solution. 
It is obtained by shaking a mixture of iodoso- and iodoxy-benzene with moist 
silver oxide, the equation being: 

PhIO + PhIO* -f AgOH « PhjIOH -f AglO,. 

The oxygen atom in iodoso-benzene is exchanged for a phenyl group of iodoxy¬ 
benzene and Ph*!*^ and lOj" are formed. In this way iodoxybenzene can serve 
as a carrier of phenyl groups, as can PhMgBr, e.g., for transforming HgO into 
PhHgOH (Nesmejanov, Ber. 66 , 199). 

Diphenyl-iodonium hydroxide is strongly alkaline and forms true salts, .such as 
Ph*! • I, Ph*!«Cl, PhjI • NOj, which resemble those of thallium. The carbonate and 
the nitrate are very soluble, but the chloride and the bromide are white insoluble 
substances. 

Diphenyl-iodonium iodide, Ph*!-!, is formed from the cation Ph*!"*" with I~, 
or by boiling iodoxy-benzene with aqueous KI {Willgerodt, Ber. 29, 2008). It is 
dimeric with iodobenzene. It forms yellow needles, sparingly soluble in alcohol. 
It melts at 175-176®, iodobenzene being formed (V. Meyer, Ber. 27, 1592). For 
the ease of exchange of the two iodine atoms see Juliusherger, Topley, Weiss, 
J. 1935, 1295. 

Alkyl-aryl iodonium salts are obtained by the interaction of acetylene-silver 
chloride with aromatic iodo-chlorides: 


C1HC;CC1 

2PhICI, + HCsCAg, AgCl - Cl 4- Phi + 2AgCL 

Dichloro-vinyl-phenyl-iodonium chloride, m .p. 174®. The bromide decomposes 
at 163®. The free base is unstable (Thiele, Ann. 369, 132). Many homologous 
and substituted iodochlorides, iodoso- and iodoxy-benzenes, and iodonium 
hydroxides have been prepared (see Willgerodt, Ber. 39, 269 et cd ,). 

Halogen Derivatives of the Alkyl Benzenes 

Under the same conditions as with benzene itself, namely, in the 
cold, and in presence of halogen carriers (I 2 , MoCU, VCU, FeCU, 
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sulphur bromide, or bromine and nitric acid), chlorine and bromine 
substitute almost solely in the benzene nucleus of the alkyl-benzenes, 
and aromatic substitution products are formed. Thus, toluene yields: 

-» C4I4C1CH,-> C,H,CIjCH,, etc. 

C,H, CH, -» C,H4Br CH, - * CeH.BnCH,, etc. 

When, however, chlorine and bromine are passed into boiling alkyl- 
benzenes, the side-chain hydrogen only is replaced, and aliphatic sub¬ 
stitution products are formed. Thus, toluene yields: 

C,H,CH,-C.H.CH,C 1 -> C,H 6 CHCU- * C.H,CCU 

Benzyl Benaal Benzo- 

chloride chloride trichloride 


corresponding to: 

CHjCHaCl-> CHjCHCl,-» CH,CC1,. 

Ethyl Ethylidene Methyl 

chloride chloride chloroform 

These will be dealt with in connection with the corresponding oxygen- 
containing compounds: 

CzHfiCHaOH-> CeHaCHO-► CeHjCOOH. 

Benzyl alcohol Benz* Benzoic acid 

aldehyde 

In sunlight chlorine and bromine substitute in the side chains of the lower 
homologues, even in the cold (Koczynski^ Ber. 35, 868). Isopropyl-benzene at 
the boiling point is converted by chlorine into p-chloro-isopropyl-benzene (Geneva 
resse. Bull. [3], 9, 219). PCI* also attacks the alkyl-groups of alkyl-benzenes 
when hot. 

Nuclear substituted alkyl-benzenes can be obtained from the 
corresponding diazo-compounds. 

Substitution can, of course, be effected both in the aromatic and the 
aliphatic residue of an alkyl-benzene. The halogen atoms entering 
the side-chain are reactive, and can readily be replaced by organic 
radicals, while the halogen atoms entering the benzene nucleus are 
very firmly bound. Aromatic monohalogen derivatives of alkyl- 
benzenes, especially bromoalkyl-benzenes, are often used for syn¬ 
thesising higher alkyl-benzenes by Fittig's method (p. 35). Oxida- 


Compound 

M.p. 

B.p. 


1,2-(p-) Fluorotoluene 

CH, 

fll 

COI, 

[21 

FI 


114“ 


1,3-(m-) Fluorotoluene 

CH, 

1 

CJL 

3 

FI 

-ii6.8° 

116° 


1 ,4-(p-) Fluorotoluene 

CH, 

1 

cja. 

4 

FI 

,, 

117° 


1 ,2-(o-) Chlorotoluene 

CH, 

1 

C,H 4 

2 

Cl 

- 34® 

169.6° 

1.35 

l,3-(m-) Chlorotoluene 

CH, 

1 

Crfl 4 

3 

Cl 

- 48® 

161.6® 

1.75 

l,4-(p-) Chlorotoluene 

CH, 

1 

CJL 

4 

Cl 

-1- 7.6° 

162.3® 

1.9 

1 ,2-(o-) Bromotoluene 

CH, 

1 

Cai 4 

2 

Br 

- 26° 

179® 


1 ,3-(m-) Bromotoluene 

CH, 

1 ] 

C.H 4 

3] 

Br 

- 40° 

184® 


1 ,4-(p-) Bromotoluene 

CH, 

1 

CJl 4 

4 

Br 

28° 

184.6® 


1 ,2-(o-) lodotoluene 

CH, 

1 

Crfl 4 

2 

I 


204® 


1,3-( WI-) lodotoluene 

CH, 

1 

C,H 4 

3 

I 


204® 


l,4-(p-) lodotoluene 

CH, 

1 

C,H 4 

4 

I 

34® 

213.6® 
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tion of the side chains to carboxyl groups serves to establish the con¬ 
stitution, and, at the same time, to determine the number of halogen 
atoms in the side chains. 

The halogens can be replaced by hydrogen by the action of sodium 
amalgam and alcohol, hydrogen iodide, or hydrogen in the presence of 
catalysts. 

The simplest representatives of the very numerous halogen sub¬ 
stitution products of alkyl-benzenes, the monohalogeno-toluenes, are 
given in the table on page 54. 

The 0 -, m-, and p-fluorotoluenes have been prepared by the same methods as 
fluorobenzene. On chlorinating or brominating toluene in the cold, or in the pres¬ 
ence of iodine or ferric chloride, p- and o-compounds are produced in nearly equal 
quantities. p-Chlorotoluone is separated from the o-compound by heating at 180® 
with sulphuric acid, when the «-conipound forms a sulphonic acid. 

All the monochloro-, monobromo-, and monoiodo-toluenes have been prepared 
in the pure state from the tlu*ee toluidines by means of the diazo-compounds. 
The 0 - and p-chlorotoluenes are readily accessible from the corresponding tolui¬ 
dines. For the chlorination of toluene in the nucleus, and in the side chain see 
Wertyporoch, Ann. 493, 153. m-Bromotoluene has also been obtained by bromi¬ 
nating aceto-o-toluidide to m-bromoaceto-p-toluidide, and then replacing the 
amino-group oy hydrogen. ?w-Chlorotoluene has been obtained from 3-methyl- 
A*-cyclohexenone (Vol. II, p. 115) which is easily prepared from methylene- 
diacetoacetic ester. In this process tne action of PCU first produces tetrahydro-w?- 
dichlorotoluene, which then decomposes into HCl and dihydro-m-chlorotoluene. 
Bromine removes two hydrogen atoms from this compound, and /A?-chlorotoluene 
is obtained (Klages, Ber. 27, 3013), 

CH, CHj CH, CH, 

C=CH —CO C=======CH—CCb C=CH—CCl -4 Cr=Cn—CCl 

CHr-CHj—CHj CHr-CHa—CHi CHy—CHi—CH CH==CH—CH 

From ethylidene-?n«-acetoapetic ester, 1,3,5-chloro-m-xylene is obtained, and 
l,3.6-chlorocymene has been similarly prepared from menthone, or keto-hexa- 
hydro-^-cymene (Klages, Ber. 29, 310, 314). 

The iodoso- and iodoxy-compounds derived from p-iodotoluene are known 
{Willgerodt, Ber. 26, 358; 27, 1903). 

The conversion of the halogen compounds of toluene to solid nitro-halogeno- 
toluenes, and their oxidation to halogenobenzoic acids of known constitution, has 
been used for their characterisation. Chromic acid oxidises m- and p-halogeno- 
toluenes to the corresponding carboxylic acids, but the ortho-compounds are 
oxidised to CO 2 . With boiling dilute nitric acid, or with KMn 04 , or K 3 Fe(CN) 6 , 
all three isomers are converted into carboxylic acids. 

Six isomers of aromatic dihalogeno-toluenes with two similar halogens are 
possible. The six isomeric dichlorotoluenes are known {Wynne, Proc. 1895. 151) ; 
they are isomeric with benzal chloride, PhCHCb, and the three chlorooenzyl 
chlorides, ClCftH 4 CH 2 Cl. For details of the higher chlorination products of toluene 
see Cohen, J. 81, 1324 ; 85, 1274 j for the chlorination of cymene see Tsckemas^ 
heikov, C. 1932, IL 1815. The six isomeric dibromotoluenes and diiodotoluenes 
are also known (Wfieeler, Am. Chem. J. 42, 441). Pentabromotoluene has been 
obtained from cycloheptane (Vol. II, p. 70) and bromine. The six isomeric tri- 
bromo^^lenes are all known {Jaeger, Rec. 25, 352). 

For fiuorinated 1,2- and 1,4-dichlorobenzenes, see Krcmy, Rec. 48, 1055; de 
CrauWj ibid. 1061; for the chlorination of monobromotoluene and the bromina- 
tion of chlorotoluenes, and for di- and tribromot4>luenes see Cohen, J. 105, 501, 
1907; for chlorination of cumene see Qrisi and Solo, C. 1936, 1 , 539. of p-cymene, 
Qrisf and Holmberg, C. 1936, II. 1906, halogenation of the two latter hydrocarbons, 
Varma and Srinivarsan, J. Ind. Cbem. S^. 13,189. 
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Compound 


M.p. B.p. 


1.2.4- Broino-o-xylene. 

1.3.4- Bromo-w-xy lene. 

1,4,2-Bromo-p-xylene. 

Tribromo-hemimellithene (p. 45) . 

1,2,4,3-Monobroino-pseudocumene (p. 45) 

]L2,4,5,6-Dibromo-pseudocunQene. 

Tribromo-pbeudocumene. 

Monobromo-mesitylene (p. 44). 

Dibromo-mesitylene. 

Tri bromo-mesity lene. 

Monobromo-w-tetramethylbenzene (p. 4(V) 

Dibromo-t^-tetramethylbenzene. 

Monobromo-isodureno (p. 46). 

Dibromo-isodurene. 

Monobromo-dureno (p. 46). 

Dibromo-durcne. 

Bromo-pentamethylbenzene. 


- 0.2® 

214® 

,. 

207® 

+ 9® 

205.5® 

245® 

226^229 

cE4® 

229-230® 

293® 

- 1® 

230-233 

+64® 

276-278 

224® 

,, 

30® 

265" 

205® 

^53" 

209® 


61® 

262" 

202 ® 

317" 

160® 

289" 


The table above ^?ivea the bromo-derivatives of polymethyl-benzenes which 
are readily accessible. 

Concentrated sulphuric acid has the remarkable capacity of transferring 
bromine atoms (like alkyl groups, see p. 39) from one position in the molecule to 
another; thus, moaobromodurene is converted into a mixture of dibromodurene 
and durene. 

A number of iodo-alkylbenzenes have been prepared by means of sulphur iodide 
and nitric acid in a manner similar to iodobenzene (Ber. 33, 2875). They give, 
like the latter, compounds in which iodine is polyvalent (A. 385, 328). 

3. NITROGEN DERIVATIVES OF BENZENE 

HYDROCARBONS IN WHICH NITROGEN IS DIRECTLY 
LINKED TO THE RING 

These compounds may be classified according to the number of 
nitrogen atoms contained in the substituent. The first class com¬ 
prises compounds with only one nitrogen atom in each substituent 
and the first group to be discussed are the nitro^compounds which are 
so characteristic of the benzene derivatives. They are the starting 
point in the preparation of compounds of the groups which follow. 
Next come the amino--compou7uls, which are used for the preparation 
of many dyestuffs, and substances of importance in medicine. A link 
between the two groups is provided by the nitroso- and p hydroxyl- 
amino-compounds. 

The second class comprises compounds in which the nitrogen- 
containing substituent has two or more nitrogen atoms linked to¬ 
gether. The nilro-amineSj nitroso-^-hydroxylamines, niirosamines^ 
azoxy-compouridSf hydrazinesy diazo- and azo-compounds contain two 
nitrogen atoms. The nitroso-hydrazinesy diazoamino-compounds, and 
the az^mino-compounds have three nitrogen atoms. The diazo¬ 
hydrazines or buzylene compounds and the tetrazines have four nitrogen 
atoms. The bis-diazo-amino-compounds have five, and the bis-diazo- 
tetrazines or octazenes have eight nitrogen atoms. 

Our knowledge of some of these classes of compounds has also been 
of great importance in connection with the chemistry of inorganic 
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nitrogen compounds. If these nineteen groups of aromatic nitrogen 
compounds are assumed to be derived from analogous hydrogen 
compounds in which the aromatic residues are replaced by hydrogen 
atoms, then of the nineteen hydrogen compounds, only six are known 
in the free state or as inorganic compounds, and these are printed in 
heavy type in the following list: 



Compounds 

Derived from 

1. 

iSTi^ro-compounds. 

..HNO, 

2. 

Nitroao-cohipounds . 

..HNO 

3. 

fi-‘Hydroxylamine-‘Compounds . 

. .H NHOH 

4. 

A wtno-compounds. 

. .H NHj 

5. 

Nitro-aminea . 

..HNHNO 2 

6. 

Nitroao-0'-hydroxylamines . 

..H*N(OH)NO 

7. 

Nitroaaminea . 

..HNHNO 

8. 

Diazo-compounds. 

..H-N=N-OHor 



H-NH-NOor [H NtNlOH 

9, 

Azo-compounds. 

..HN==N-H 

10. 

Azoxy-compounds. 

..H-N(0):N-H 

11. 

Hydrazinea . 

. .H NH NH, 

12. 

Niiroso-hydrazinea .. 

..H-N(NO)NH, 

13. 

Diazo-amtno-compounds. 

..H-N=N-NH2 

14. 

Diazo~hydroxy~amino^ompo\indii . 

..H-N=N—NHOH 

15. 

Azides. Diazo-iwino-compounds. 

..HN, 

16. 

Diazo-hydrazo- or Buzylene compounds.. 

..H*N==N-NH-NH2 

17. 

Teirazenea . 


18. 

Rts-diazo-amino-compounda. 

.. H • N=N—NH—N=N • 11 

19. 

Bia-diazcHteirazenes or Ociazenea . 

. .H.N:N NH N:N NH‘N:NTI 


The first three groups will be dealt with in the order shown, but the 
remainder have been arranged according to their genetic rather than 
their systematic relationships as follows: nitroso-jS-hydroxylamines 
(6); arnino-compounds (4); nitramines (5); diazo-compounds (8); 
diazo-amino (13), biVdiazoamino (18), diazohydroxyamino (14), 
diazoimino-compounds (15); azoxy- and azo-compounds (10, 9); 
hydrazines (11), nitrosohydrazines (12), tetrazenes (17); diazo- 
hydrazo- or buzylene compounds (16); ftis-diazotet^azenes, or 
oetazenes (19). 

(a) Nitro-derivatives of Benzene and the Alkyl-benzenes 

Benzene and those alkyl-benzenes which contain hydrogen atoms 
attached to the ring readily give nitro-derivatives by the action of 
nitric acid: 


C«He 4- NO 2 OH « C,HjNO* 4 H 2 O. 

In these compounds, which have a more or less pronounced yellow 
colour, the nitrogen of the nitro-group is directly linked with a carbon 
atom, just as in nitromethane, since, on reduction, amino-compounds 
are formed: 


CflHjNOa 4 6H « CeHjNH, 4 2H,0. 

In the previous section it was stated that all the hydrogen atoms of 
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benzene could be replaced by Cl or Br. This is not so in the case of 
nitro-groups. The first two nitro-groups enter readily, but the third 
with difficulty, and it has not yet been possible to introduce directly 
more than three nitro-groups into a benzene derivative. The reason 
for this is the deactivation of the nucleus for substitution by the 
nitro-groups already present (see p. 24). 

A mixture of one part of nitric acid and two parts of sulphuric acid acts more 
vigorously than nitric acid alone, because the sulphuric acid absorbs water, and 
by this means di- and tri-nitro products can be obtained. For more easily con¬ 
trolled nitration the substance is dissolved in glacial acetic acid or chloroform 
{WilUtAtter, Ber. 42,4151). The more alkyl groups present in an aromatic hydro¬ 
carbon, the more readily is it nitrated. Nitrophenols are sometimes formed in small 
quantity in the nitration of aromatic hydrocarbons {Armstrong^ Proc. 1891, 87; 
Willstdtter, loc, di.). On heating alkyl-benzenes with dilute nitric acid, the 
nitro-group may enter the aliphatic side-chain to some extent. The compounds 
so formed will be dealt with later in connection with the corresponding alcohols 
(iife/iava^ov, Ber. 27, R 193). 

Benzoyl and acetyl nitrates (p. 298) have been found to be excellent nitrating 
agents in certain cases {Frauds^ Ber. 39, 3798; Pictet. C.r. 144, 210). This has 
been held to be due to the fact that no water is formea in the reaction 

CeH* 4- PhCOONOa - PhNOa + PhCOOH, 

while nitration with nitric acid gives rise to water. On the other hand, when a- 
and p-directing groups are present in the ring, the proportions of the two isomeric 
products is often very different with the acyl nitrates and nitric acid. 

The action of AlClj on a mixture of a hydrocarbon with ethyl nitrate on certain 
inorganic nitrates, e.^., CuCNOa)*, dissolved in acetic anhydride and glacial acetic 
acid, may also give rise to nitro-compounds {Boedtker. Bull. 3, 726). The reac¬ 
tion takes place more readily in the presence of HCl, H 8 S 04 , HNOa {Menke^ 
Rec. 44, 141, 269). For N 2 O 4 as a nitrating agent see Schaarschmidt^ Ber. 57, 
32. 

Aromatic nitro-compounds can be obtained from the corresponding amines by 
diazotisation followed by treatment with nitrous acid in presence of finely divided 
cuprous oxide. The reaction is the converse of the more usual procedure (nitro¬ 
compound —► amine), and is useful in cases where the amino-group can be intro¬ 
duced into a desired position, but the nitro-group cannot by any direct means. 
In some cases nitro-compounas have been obtained by direct oxidation of amines, 
e.gr., nitrobenzene from aniline by oxidation with potassium permanganate, or 
permonosulphuric acid; /J-phenylhydroxylamine (p. 69) and nitrosobenzene 
(p. 67) have been isolated as intermediate products {Bamberger, Ber. 32, 1676). 
The rate of nitration of a number of aromatic hydrocarbons has been determined. 
If the rate for toluene is taken as unity, that of c;-xylene is 1.6-1.9, of m-xylene, 
4.5-4.9, of p-xylene, 5.7-10.5, while cumene and mesitylene react still more 
rapidly {Tronov). 

Properties and reactions .—^The riitro-derivatives of hydrocarbons 
are only slightly soluble in water, but they dissolve in cone. HNOa, 
and are precipitated from this solution by the addition of water. 
They dissolve readily in alcohol, ether, glacial acetic acid, etc. The 
nitro-compounds melt at rather a higher temperature than the 
corresponding bromo-derivatives. 

A distinguishing feature of the nitro-compounds, including the nitro-phenols 
(p. 199) is their capacity of forming addition compounds with many aromatic and 
unsaturated substances. The molecular proportion, in many cases, is 1:1, and 
the compounds are useful for characterising the second component. The theory 
of the structure of these molecular compounds has been discussed by Pfeiffer, 
Ann. 412,265 and Organische Molektilverbindungen, Stuttgart, 1927, and Hertel, 
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Ber. 57,1659; Ann. 451,179; see also Hammick. Organic Chemistry of Nitrogen, 
Oxford, 1937, 261. 


The ease of reduction of nitro-compounds is particularly important. 
Nitroso-compounds and i3-phenylhydroxylamines are formed (p. 68) 
as primary products. If the reduction is carried out in alkaline 
medium, azoxy-compounds are formed and these undergo a further 
reduction to azo- and hydrazo-compounds. These reactions are 
shown in the following scheme: 


C.H 5 NO 2 


2 C 6 H 6 NO 2 


■> CeHfiNO -^ 

Nitrosobensene 

CeHfiNO 

* aHelr ^ 

Azoxy benzene 


CeHfiNHOH 

/J-Phenyl- 
hydroxylamin e 

CzHjN 

NC,Hj 

Azobenzene 


-4 CeHfiNIIa 
Aniline 

r 

C,HjNH 

-» I 
C.H»NH 

Hydrazo* 

benzene 


Many nitro- and nitroso-compounds, c.g., nitrobenzene itself, are 
reduced chiefly to azoxy-compounds, by so mild an agent as sodium 
ethoxide {Dains, Am. S3, 2357). 


The course of the electrochemical reduction, as given by Haber (Angew. Chem. 
13, 435) is as follows: 

-CJI^NOz 


C^Hb • N : N • CbHb CbPTb • N--N • CzHg 

O 




-CJL-NO 


Tf<' 


OH 111 


-♦C.nsNH-Nil-Cells 

L..._ 


■Vi y [4] 

XJ.ns-NHOH/ 

^01 [2 or 41 


€.Hb-NII2 


For the electrolytic reduction of nitro-compounds see also S^owdon^ J. Phys. 
Chem. 15, 797; Rhode, Z. Elektrochem. 7, 328, 338; Ger. Pat. 116,790; Brand, 
Ber. 3^ 4006; Ann. 355, 175. For catalytic reduction by means of palla- 

dised CaCOs and with N 2 H 4 , see Busch, Ber. 62, 1458. The nitro-compounds, 
es^cially the poly nitro-compounds, are powerful blood poisons. 

The ease with which the nitro-compounds are reduced to substances of wide and 
varied application in th6 dyestuff industry and elsewhere, makes them important, 
and, indeed, indispensable as intermediates. 

Poly nitro-compounds are readily converted into polynitro-phenols by oxida¬ 
tion with alkaline potassium forricyanide. When nitrobenzfuie is heated with 
powdered caustic potash, o-nitrophenol and some azoxy benzene are formed; 
similarly m-nitrotoluene gives m-nitro-o-cresol, and m-dinitrobenzene gives 2,4- 
dinitrophenol (Wohl, Ber. 32, 3486; ibid, 34, 2444; Ger. Pat. 116,467). 

Hydrogen chloride at 200-^300® replaces the nitro-gruups of some polynitro- 
hydrocarbons by chlorine, with further chlorination in some cases (Lobry de Brtiyn 
Rec. 15, 84); SOCI 2 acting at 160®, has the same effect (Ger. Pat. 280,739). 
Hydrogen in the o-position to NO 2 is sometimes replaced by Cl when the substance 
is reduced with stannous chloride and hydrochloric acid (Blanksjna ). Diphenyl 
derivatives are formed when AlCla acts on nitro-derivatives of hydrocarbons dis¬ 
solved in benzene homologues; nitrobenzene and toluene thus give nitrophenyl- 
tolyl (Kliegl, Ber. 53,1646). 

The aromatic nitro-group as such, unless it is attacked by inorganic reducing 
agents, behaves, as a rule, as an inert group, and because the nitrogen is at its 
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maximum valency, there is no addition or condensation at the nitrogen atom. 
Polynitro-compounds, however, form addition compounds with NaOH and 
Et which are often highly coloured. The structure of those compounds, in which 
the vrhole of the ring is involved, is discuased in '^Organic Chemistry of Nitrogen/' 
Oxford, 1937, p. 259. For the action of sodium on aromatic nitro-compounds, see 
Lnikascnewitsch, Ann. 521, 198. 

The ease of rediiction of the nitro-group implies that it can behave as au oxidis¬ 
ing agent, and this behaviour is shown in cert/iin reactions, such as with Grignard 
compounds, and in Skraup's synthesis of quinoline. This oxidising power is very 
striking in certain cases of intramolecular oxidation and reduction in which a group 
ortho to a nitro-group is oxidised. Such oxidation often takes place during a re¬ 
action in which the group ortho to a nitro-group is involved. Then, as Baeyer 
puts it, *‘the nitro-group attacks the side cruiin at the moment of reaction" by 
transferring one or both of its oxygen atoms to the side chain, completing diverting 
the normal course of the reaction. The following examples may be mentioned: 
the transformation of o-nitrotoluene into o-nitrosobenzyl alcohol, anthranil into 
anthranilic acid (p. 63); the isomeric change of o-nitrophenyl propiolic ester into 
isatogenic ester (p. 480); the formation of indigo from o-riitrophenyl-hydracrylic 
ketone, and from o-nitrobenzaldehyde, acetone, and alkali (p. 276); o-nitroben- 
zaldehyde, under the influence of light, or in the presence of ammonium C 3 ’^anide, 
isomerises to o-nitroso-benzoic acid (p. 276); o-nitrophenyl-ethylene oxide 
isomerises to o-nitroso-benzoyl-carbinol (p. 400), and o-uiirodiazo-acctopherione 
can be converted into N-hydrox^^-Lsatin (p. 464); the la‘-t two reactions are 
brought about by dilute acids. 

With o-nitro-compounds having a side-chain vdth an amino-group, ring closure 
with elimination of water from the nitro- and amino-groups sometimes takes place; 
see p. 103. 

NITRO BENZENES. The melting and boiling points of the 
nitrobenzenes which are known are shf)wn in the following table: 


Name and formula 

M.p. 

B.p. 

i " 

Nitrobenzene C«H5N02 


+5.82® 

209° i 


l,2-(o-)Dinitrobenzene ] 


118® 

319° (773 mm.) 1 


l,3-(m-) Dinitrobenzene rC6H4(N02)2 1 

91® 

303° (771 mm.) ! 

3.8 

l,4-(p-)Dinitrobenzene J 


172® 

299° (777 mm.) 

0.0 

l,2,^(t;-)Trinitrobenzene 1 

1 

127,5® 



1,2,4-(a«-) Trinitrobenzene 

te.H,(NO,), 

61® i 



1,3,5-(s-) Trinitrobenzene 

1 

123® 1 


0 0 

1,2,3,S-Tetranitrobenzene C«H2(N02)4 | 

125-126® 




Nitrobenzene, CgHiNO*, was discovered in 1834 by MUscherlich 
(Pogg. Ann. 31, 625), when he allowed benzene to react with nitric 
acid. It is also formed during the oxidation of aniline (p. 76). It is 
prepared in large quantities industrially, and is used for the manufac¬ 
ture of aniline. In the industrial preparation of nitrobenzene a mix¬ 
ture of nitric and sulphuric acids is allowed to flow into benzene in 
cast-iron vessels and kept stirred. Nitrobenzene is a yellowish, 
highly refractingdiquid, density 1.20 at 20®, smelling of benzaldehyde 
or oil of bitter ahnonds, and with a sweet taste in dilute aqueous solu¬ 
tion {Wohl, Ber. 27, 1817). It acts as a poison, especially when its 
vapour is breathed. In addition to its use in the dyeing industry, 
nitrobenzene is employed in the perfume industry in the perfuming of 
soap (artificial almond oil, oil of mirbane). In the laboratory it is 
often used as a solvent. Its reduction has been discussed on page 
69, the most important industrial reduction product being aniline 
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(p. 76). Boiling with sodium sulphite reduces it to p-amino- 
phenolsulphonic acid {Seyewilz^ C.r. 174, 296). It is used as an oxi¬ 
dising agent in several important reactions, in both alkaline and 
acidic solutions (see rosaiiiline, quinoline). Because of its exception¬ 
ally high Kerr constant it has been used in television. 

DINITROBENZENES, C6H4(N02)2. When benzene is heated 
for some time with fuming nitric acid, or for a short time with nitric 
and sulphuric acids, m-dinitrobenzene is formed, together with a 
very little o- and p-dinitrobenzenes. The latter are more soluble in 
alcohol than the meta-compound. The metn-compound is used in 
the dye industry for preparing m-phenylene diamin(\ 

p-Dinitrobenzene can be obtained from p-quinone dioxiine (q.v.), and from 
p-nitroso-nitrobenzcne by oxidation, and from p-nitrophenyl-diazoninm nitrate 
by Sandmey<?r^s reaction, o-Dinitrobenzene can be isolated from the residue of 
the preparation of w-dinitrobenzene by dissolvinpj it in two parts by weight of 
boiling nitric acid, and pouring into 5^* parts by v»jlume of cold nitric acid; o- 
dinitrobenzene then crystallises out (Lobry de liruyn^ Ber. 26, 266). The con¬ 
nection between temperature of nitration and yield of the threes isoraerides has 
been studied by Wyler^ Helv. 15,23. 

Tlio dinitrobenzenes can be partly reduced to nitranilines (p. 102) 
which link the phenylene diamines to the dibromobonzenes and ben¬ 
zene dicarboxylic or phthalic acids. 

o-Dinitrobenzene crystallises in plates. On boiling with NaOH it gives o- 
nitrophenol, and on heating with alcoholic ammonia, o^nitraniline. Other aro¬ 
matic n-dinitro compounds behave similarly. 

w-Dinitrobenzene gives or 2,4-dinitro-, and or 2,6-din if ro-phenol on 
heating with potassium fcrricyanicle and sodium hydroxide, or with powdered 
caustic potash. When treated with alcoholic KCN one nitro-group is replaced 
by ethoxyl, and one evimogen group becomes attached to the ring, 2-nitro-6- 
ethoxy-benzonitrile being formed (Lohry de Bruyn, Rec. 2, 205). The last two 
reactions are examples of the attack of anionoid reagents (p. 22). Alkali sul¬ 
phite simultaneously reduces and sulphonates, and gives w-nitraniline-p-sulphonio 
acid (Nietzki, Bcr. 29, 2448). 

p-Dinitrobenzene forms colourless needle^?. 

When chlorine and bromine react with tlie dinitrobenzenes at 200®, the nitro- 
groups are partly or completely replaced by halogen (Lohry de Birnyn, Ber. 24, 
3749). Sodium methylate or ethylate on warming replace one nitro-group b}’’ a 
methoxy- or ethoxy-grouii. 

TRINITROBENZENES. 1,3.5- or «yw-Trinitrobenzene forms snow-white 
leaflets; the labile form melts at 61 and the stable form at 122® (Radcliffe, Chem, 
and Ind. 40, 45; crystal structure, Hcrtcl, Z. physikal. Chem. B 11 , 77; electric 
moment, ibid. 27, 11). It is prepared from w-dinitrobenzene, or by heating tri- 
iiitrobenzoic acid, or synthetically from the sodium compound of nitromalonic 
aldehyde by acidifying (Hill, Am. Chem. J. 22, 89). It can be oxidised to picric 
acid (2,4,6-trinitrophenol). It combines with many aromatic hydrocaroons, 
phenolic ethers, phenol-carboxylic esters, inorgcaiiic and organic bases to form 
stable addition products; similar compounds can be obtained from wi- and p- 
dinitrobenzene, trinitrotoluene, etc, (Sudborongh^ J. 99, 209; 109, 1339, 1349; 
Taylor, Am. 44, 104). iiyw-Trinitrobenzene gives an orange colour with aqu^us 
alkalis, possibly due to the formation of unstable salts. It also unites with sodium 
alkoxiaes to give salt-like compounds which are decomposed by water. These 
salts have been referred to on p. 201. When sym-trinitrobenzene is heated 
with sodium alkoxide solution one of its nitro-groups is replaced by alko.xjd (Lohry 
de Bruyn, Rec. 20, 107). 

1,2,4- or os-Trinitrobenzene is obtained by heating p-dinitrobenzenc with nitric 
and fuming sulphuric acids at 180®, or by the action of nitric acid on 2,4-dinitrani- 
linc (Kdmer, Atti R. Accad. Lincci 23, I, 633). 
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1,2,3- or v-Trinitrobenzene, m.p. 127.5®, is obtained from 2,6-dinitraniline by 
replacing NHa by NO 2 {Kormr, Atti. R. Accad. Lincei 23, II, 464). 

1,2,3,6- or as-Tetranitrobenzene, crystallises in yellow needles, m.p. 125-126®, 
and is obtained by dissolving picryl-hydroxylamine (Borsche^ Ber. 56, 1943) or 
picramide {Holleman, Rec. 49. 112; Jois, J. Mysore 4,239) in nitric acid and pass¬ 
ing oxides of nitrogen throiigli the solution. 

NITRO-HALOGENO-BENZENES. Methods of formation: 1. By nitration 
of F-, C1-, Br-, and 1-bcuzenes, when chiefly p-, and some a-moiionitro-halogeno- 
benzencs are formed. 2, By treatment of nitrobenzenes with bromine or chlo¬ 
rine; in polynitro-compounds, a nitro-group is often replaced by halogen. £?. 
By reduction of dinitrobenzeries to the corresponding nitranilines, and replacing 
the amino-group of these by halogen by the diazo-compound and Sandineyer's 
reaction. 4- Ry acting upon nitrophenols with PCI 5 , when chloro-nitro-benzenes 
are formed. 

The halogeno-nitro-benzenes link the dinitro-, nitramino-, and diamino-ben¬ 
zenes to the halogen-amino- and dihalogeno-bcnzenes, and therefore enable the 
inter-relationship of these disubstitution products of benzene to be determined: 


C«H. 


< 


NO2 


NO 2 




NO 2 

NIJa 


C, 




NOa 

Br 


C, 


jT<; 


^Nlla 

Br 




Br 

Br 


A nitro-group in the ortho- or para-position to a halogen atom makes the 
latter reactive, as in an alkyl halide (Vol. I, p. 102), while a nitro-group in the 
meta-position does not have this effect. See Lapioorth, Proc. 1903, 23 * Borschev 
Ber. 49, 2222; 50, 1339; HUckel^ Ber. 62, 2l)4l; a synopsis is given in Huckel, 
Theor. Grundlagen, II, 256. A striking example of this rule is afforded by the 
behaviour of l,2,4,6-tetrachloro-3J)-dinitroberiz(uie, in which the chlorine atoms 
2, 4, and 6 can be replaced by NH 2 , NHPh, OEt, etc., but the Cl atom 1 in the 
m-position to both nitro-groups cannot (Jackson^ Am. Chem. J. 31, 360). The 
more nitro-groups which are suitably placed in the ring, the more reactive is the 
halogen atom; 2,4,6-trinitro-chlorobenzeno (picryl chloride) behaves like an 
acid chloride (Borsene, Ber. 46, 2117). In some cases a nitro-group, and not the 
halogen, is lost; c/. dinitro-chloro- and 3,4,6-t rinitro-chlorobenzencs. 


Compound 

1,2- 

1,3- 

1.4- 

CJl4F(N02) 

- 5 . 9 * 

-1-4.1® and -f3.1® (dimorphous) 

+26.5® 

Cai4Cl(N02) 

32 5® 

44® and 24® 

83.5® 

C,H4Br'N02) 

43.1® 

56® and 17 4® 

127® 

CJl4l(N02) 

52® 

36® and 9.9® 

174® 


The melting points of the isomeric monofluoro-, monochloro-, monobromo-, 
and monoiodo-nitrobenzenes are given in the table above (Steinmdz, Z. Krist. 
54,467). 

In p-fluoro-nitrobenzene the F-atom is very reactive, and is readily replaced by 
alkoxyl, for example (Rarick, Am. 55, 1289). The w-halogeno-nitrobenzenes all 
occur in a stable high-melting and an unstable low-melting form (Hasselhlatt, 
Z. physikal. Chem. A 83, 12). The electric moments of the chloronitro-benzene- 
are 0 -, 4.3, m- 3.4, p- 2.65 D. 

Among the many nitro-halogeno-benzenes which are known, 3,4-dinitrochloro- 
benzene should be mentioned. It has been obtained in four crystalline modifica¬ 
tions, melting at 28®, 36®, 37.1®, and 40.5®, and a liquid modification also exists 
(HoUernan^ Rec. 35, 48). 

3,5-Dinitrochlorobenzene, m.p. 65.4®, is obtained by chlorinating m-dinitro- 
benzene. When it is heated with sodium ethoxide in EtOH, it exchanges not the 
Cl atom, but a N02-group for OEt, and forms a nitrochloro-phenol ether (Lohry 
de Bruyr^ Rec. 20, 107). 

3,4,6-Trinitrochlorobexizene, m.p. 116®, obtained by further nitration of 1- 
chloro-3,4-dinitrobenzene, behaves similarly. By the action of ammonia, NO? 
in the 3-position is replaced by NH 2 (Nietzki, Ber. 36, 3953). 
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l,2-Dichloro-4,5-dinitrobenzene, m.p. 114®, and l,2-dichloro-3,4-dinitro- 
benzene, m.p. 97®, are produced together when o-dichlorobenzene is nitrated. 
When heated with ammonia, the fir.st exchanges a nitro-grpup, and the second a 
Cl-atom for NH 2 {Nielzki, Ber. 37, 3892). Other dixiitro-dichloro-benzenes have 
been described by Holleffian, liec. 39, 435. 

2,4,6-Trinitrochlorobenzene, picryl chloride, C6H2C1(N02)3, m.p. 83®, is ob¬ 
tained from picric acid by the action of PCU, With aqueous ammonia it gives 
picramide, C 6 H 2 (NH 2 ) (N02)3, m.p. 190®, and when boiled with sodium carbonate 
picric acid is regenerated. Picryl bromide, CflH2(N02)8Br, m.p. 123®, is obtained 
from bromf)-dinitrobenzene by the action of nitric acid {Jackson^ Am. Chem. J. 
29, 216). For the addition products formed from picramide and hydrocarbons 
and for the isomeric trinitro-chlorobenzenes, see Hollenian, Kec. 40, 67; Trans. 
Amsterdam 31, 294; cf. Jvfremov, C., 1923, III, 380. Dichlorodinitrobenzenes 
and their transformation products are described by Blanksrna, Rec. 21, 269, 286, 
419, 424, and trichlorodinitrobenzene by Jackson, Am. Chem. J. 18, 664. 

Of the six isomeric dibromonitrobenzenes five can be obtained by direct 
nitration of ttie three dibrornobcnzencs: 


o-Dibromobenzene gives la) l,2-dibromo-4-nitrobcnzeric, m.p oS®, chief product 
(I); l,2-dibromo-3-nitrobenzene, m.p. 85.2®, by-product 
m-Dibromobenzenegives (a) l,3-dibromo-4-nitrobenzene, m.p. 62®, chief product 
(b) 1,3-dibromo-2-nitrobenzene, m.p 83®, by-product 
7 >-Dibromobenzencgives (a; l,4-dibromo-2-nitrobenzene, m.p. 84° 


The missing 1,3-(lil)rorno-5-nitrobenzcnc, m i>. 104 5°, has l)ceii prepared by 
Kdrtt.rr from dil)romo-/>-nitranihne by elimination of the amino-group. For the 
conversion of the dibromonitrobenzenes into tribromoi)enzcnes, see p. 11, where 
its importance in the dx'tcnnination of the con'll itution of benzene is discussed. 

NITROTOLUENES, 1,2- or o-Nitrotoluene exists in two forms, 
m.p. —9^ and —4^, b.p. 222"^; dipole moment 3.7 D. 1,4- or p- 
Nitrotoluene, m.p. 51.4^, b.p. 238®, dipolo moment 4.38 D- Both 
are obtained by nitrating toluene, and are separated by fractional 
distillation. The toliiidines are their reduction products and are 
of commercial importance. When the nitration is carried out at 
— 55®, 5.5 times as much p- and o-nitrotoluene is formed {Pictet^ 
C.r. 116, 815); at higher temperatures fuming nitric acid also 
produces mainly p-nitrotoluene, but a mixture of nitric and sul¬ 
phuric acids, at low toniperatures, givt's about 60% of o-nitro- 
toluene. The rate of nitration under varying conditions has been 
determined by Ingold, J. 1931, 1959. 

Further nitration of o- and p-nitrotoluenes gives 2,4-dmitrotoluene, m.p. 71®, 
2,5-dmitrotoIuene, m.p. 52.5® {A'idzhi, Her. 21, 433; Rozanski, Ber. 22, 679), 
and 2,4,6-(a)-trinitrotoluene, b.]). SI®. The last-named compound decomposes 
slowly at i5()° and explodes at about 310°. its crystal structure has been in¬ 
vestigated by Ilcrtrl, Z. physik. Chem. H 11, 77. It gives coloured molecular 
compounds with 1,2, or 3 mols. of NaOEt {Gina, Atti Torino, 1927, 62). It is 
an important explosive and is known industrially as trotyl, iritol, or T,N,T, 
Isotneric trinitrotoluenes: 2,3,4-(/3-), m.p. 112°; 2,4,5-(y-), m.p. 104®; 3,4,5-(5-), 
rn.p. 137.5®: 2,3,5- («-), m.p. 97.2®; 2,3,6- m.p. Ill® {W%ll, Ber. 47, 704; 
Kdmer, Atti. H. Accad. Lincei 23, II, 464; 24, 888; 25, II, 339; Marqueyrol, 
Bull. 27, 426; Brculy, J. 117, 876, 1137; Drexo, ibid. 1615). 

The conversion of o-nitrotoluene into anthranilic acid when it is heated with 
caustic alkalies is remarkable; o-nitrosobenzyl alcohol and anthranil have been 
isolated as intermediate products (see p. 321). The successive stages in the re¬ 
action seem to be: 
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C.H 4 <(' 


CH. [1] 


•NO, (21 


C.H4<( 


CHjOH [1] 
NO [2] 

CH [1] 

A m- 


> 


/COOII [1] 
\NH, (2] 


In a similar manner anthranil-sulphonic acid is obtained from o-nitrotohiene- 
sulphonic acid, and dibromoanthranilic acid is formed from o-nitrotoluene and 
bromine at 170®. 

When heated with HaO in alkaline solution, o-nitrotoIuene gives a mono- and 
a di-mercuric compound. The latter probably has the formula N02[1]C«H4[2]- 


/Hgv 

CH^ ^O; it forms dark-yellow crystals which decompose on heating above 

220®, and which with cold concentrated hydrochloric acid break up smoothly into 
mercuric chloride and anthranil (p. 278) {RLiasert^ Bor. 40, 4209; Ger. Pat. 
194,364). 


>CHIIg20 [1] /CH [1] 

C«H4< + 4HC1 « C«ri4<: |>0 + 2HgCl2 + 2 H 2 O. 

[2] \N [21 


o-Nitro- and 2,4-dinitro-tolijene aho react with HgO. 

f/?-Nitrotoluene, m.p, 16®, b.p. 230®, dipole moment 4.18 D-, formed when 
aceto-p-tohiididf} is nitrated, and the amino-grcjup subsequentIj'' replaced b}’^ H. 
Further nitration of rn-nitraniline gives 3,4-dinitrotoluene, m.p. 61®, and 3,5- 
dinitrotoluene, m.p. 93® (Haussermann^ Ber. 27, 2209). 2,3-Dinitrotoluene, 
m.p. 63®. 2,0-Dinitrotoluene, m.p. 65°, when heated with bromine oaid mag¬ 
nesium carbonate in a sealed tube at 140® gives 2,6-dinitrobenzyl bromide 
Bull. 22, 114). For the electrochemical oxidation of the isomeric dinitrotoluenes 
see Fichtcr, Flelv. 3, 395. 2,3,4,6-Tetranitrotoluene, m.p. 136.5®, is obtained 
from the 2,4,6-trinitro-corapourid of w-cresol-methyl ether, which is converted 
by MoOH and NII 2 OH into 2,4,6-trinitro-3-aminotoluene; the latter gives tetra- 
riitrotoluene with K2S20^ (Hollcman. Hec. 49, 501). 

NITRO-DERIVATIVES OF OTHER ALKYL-BENZENES. The case with 
which aromatic nitro-compounds are formed frequently affords a means of de¬ 
tecting and identifying their parent hydrociirbons. Some of them are given below; 
for further details see lirady, J. 1934, 114. 


Compound 


M.p. 


4-Nitro-o-xylerie NOa[4]C«H3[l,2]Me2. 29®“*^ 

4.5- Dinitro-o-xylcne. 116®® 

4.6- Dinitro-o-xylene.' 176® ® 

3.4.5- Trinitro-o-xylene... 115® 

3.4.6- Trinitro-o-xyIenc. 72 ® 


5-Nitro-m-xylene. 74® 

2,4-Dinitro-m-xylenc... 82® 

4.6- Dinitro-m-xylene. 94® 

2.4.6- Trin itro-m-xy lene. 182®'' 

4.5.6- Trinitro-m-xylene. 125° 


2-Nitro-p-xylene, b. p. 239®. o 

2,6-Dinitro-p-xy lene. 123® 

2,3-Dimtro-p-xy lene. 93 ® 

(^6- and 2,3- double compound).. 90° * 

2,K^Trinitro-p-xyleno. 139° ' 


(one NOi replaced by OH: Blanksma, Rec. 24, 49) 
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Compound M.p. 


2,4-Dinitro-ethyl-benzene, b.p. 163*^ (10 mm.) 

2,4,6-Trinitro-ethyl-benzcne. 37® ^ 


Nitromcsitylene N02[2JCell2[ 1,3,5] Me*. 44® * 

Dinitromesitylene. 86® * 

Trinitromesitylenc. 232® 

Nitropseudocumene N02[5]C«H2(l,2,41Me». 71® * 

Dinitropseudof umene (N02)2[3,5]C6H[ 1,2,4] Me*. 172® 

3,5,6-Trinitropseudocumene (N02)2[3,5,6]C«[ 1,2,4]Me*.. 185® "• 


4,5,6-Trinitro-v-trimethyl-benzene (N02)a[4,5,6]Cflf 1,2,3]Me*. 209® 


Nitro-p-tetramethyl-benzcne N02[5],CeH[ 1,2,3,4]Me*. 61 ® ® 

Dinitro-r-tetramethyl-benzene. 178® 

Dinitro-isodurene (N02)2[4,6]C*[l,2,3,5JMe4. 156® 

Dinitro-durene (NOj)2[3,6]C«[l,2,4,51Me4. 205® 


Nitro-pcntamethyl“l}enzenc. 154®*» 

3-Nitrocymene. 70® 

2,3-DinitrocyTnene.;. 154® 

2.5- Diriitrocymene. 77- 78® 

2.6- Dinitro-eymene (from p-cymene -b UNO*). « 

2.3.6- Trinitro-cymene (from 2,3- or 3,5-dinitro). 124-125® • 

^Nitro-^-butyl-benzene, b.p. 137-138® (15 mm.) . 

Dinitro-\C'-biity 1-benzene. 62® * 


** Jacobsen^ Ber. 17, 160. ^ Noeliing, Ber. 18, 2670. * Noelting, Ber. 35, 628. 

^ Grevingk, Ber. 17, 2124. • Blomkma, Rec. 25, 165. ^ Crossley, J. 95, 202. 

NoeltmQj Ber. 18, 2680. " Barrier, Ber. 15, 2304. ‘ NoeUing^ Ber. 19, 145. 
^ Schultz^ Ber. 42, 2633. * Bamberger, Ber. 33, 3625; Powell, Johnson, Org. 

Syntheses, 14, 68. ^ Konovalov, Ber. 29, 2201. Schultz, Ber. 42, 3608. ** Jaco^ 
sen, Ber. 19, 2517. ® Tohl, Ber, 21, 905. ^ Willstdtter, Ber. 42,4162. ^ C. 1918, 
II, 951. Ehrenrooth, C. 1932, I, 3418. • Aschan, C. 1919, I, 227; * Du Toil- 
Malherbe, Ber. 52, 319, 

The di-aiid tri-nitro-derivatives of certain ^-butyl-benzenes have a strong smell 
of musk and are used as artificial musk in the perfume industry (Baur, Ber. 24, 
2832). 2,4,6-Trinitr o-3 -tert. butyl -toluene, (N02)s[2,4,6] Cell [ 1 ] Me [ 3 ] C Me*, 

toluene musk, rn p. 97®, is reduced by SnCb and HCl to the trihydrochloride of 

2,4,6-trianiino-?/2-tert.butyl-toluene (Herzig, Mo. 37, 567). 2,4,6-Trinitro-5-tert. 
butyl-///-xylene, xylene musk is dimorphous, the m.p. of the two forms being 105- 
106° and 112-113®. Dinitro-tert.butyl-p-C 3 rmene, cymene musk, moskene, 
132.5®, is obtained, together with two isomers, m.p, 126° and 145®, from p- 
eymeiie (Barbier, Helv. 15, 592). The corresponding derivative of m-cymene, 
m.p. 155°, does not smell so strongly of mu.^k. Similar nitro-derivatives from 
other benzene compounds are marketed as aldehyde musk, ketone musk, etc, 

NITROHALOGENO-DERIVATIVES OF ALKYL BENZENES. A largo 
number of these compounds have been prepared. 

4-Fluoro-3-nitrotoluene, m.p. 27°, is obtained, together with m-nitrocresol, by 
nitrating p-fluorotoluene {Le Blanc, Z. Elektrochem. 20, 643). 

2-Chloro-5-nitrotoluene, m.p. 44and 4-chloro-2-nitrotoluene, m.p. 38®, are 
the nitration products of o- and p-chlorotoluene, respectively. 3-Chloro-4-nitro* 
toluene, m .p. 55 ®, has been obtained from nitro-?// -toluidine. For other halogeno- 
nitrotoluenos see Noeltmg, Ber. 37, 1018; Wibaut, Rec. 32, 244; Morgan, J. 117, 
784. 

2,4,6-Trinitro-5-chlorotoluene, m.p. 148®, is formed, together with the 2,4- 
dinitro-compound when m-chlorotolucne is nitrated. It is a homologue of picryl 
chloride, and its chlorine atom is similarly reactive and readily exchange for 
many other groups (Reverdin, Ber. 37, 2093). 

Nitrobromodurene, m.p. 178°, has been prepared by WUlstatter, (Ber. 42, 
4157) by nitrating bromoaurene in chloroform with nitro-sulphuric acid. Fuming 
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nitric acid has a very curious action on bromodurene; the bromine atom migrates, 
oxidation occurs, and dinitro-durylic bromide is produced: 


Br 

NOj 


IhCv^ I /COBr 


H,c/ 

1 

H 

NO2 


(6) Nitroso-derivatives of Benzene and Alkyl-benzenes 

Tiic mononitroso-derivative? of benzene hydrocarbons cannot be obtained by 
direct substitution of the hydrocarbon. Th(*y are formed: 1. By oxidising /3- 
hydroxylamine derivatives (p. 08) with potassium dicliromate and sulphuric 
acid, ferric chloride, or air: 

PhNHOH + O - PhNO + 1120. 

2. By oxidising anilines with pcrmoiiosulphurie acid {Bamberger^ Ber. 32, 1675). 
S, By elcfitrolytic reduction of nitrobenzene without a diaphragm in a neutral 
electrolyte, such as a solution of sodium, magnesium, or aluminium sulphate. 
Small amounts are formed when the vapours of nitro-compounds are passed over 
iron powder at 220° in ti current of CO 2 (Rinker, Weekbl. 11,1062). The electro- 
chemi(uil formation seems to bo a secondary process, the /3-phonylhydroxylamine 
first formed at the cathode being oxidised to nitrobenzene at the anode (Ger. Pat. 
192,519). In the solid state the simple aromatic nitroso-compounds form col¬ 
ourless volatile crystals, but in the liquid state and in solution they are green. 
The reason for this change of colour is dissociation: in the solid state the com¬ 
pounds exist as double molecules, which break down to single molecules in the 
liquid state {Bamberger, Ber. 34, 3877). The dimeric molecules are possibly held 
together by a N—N linking similar to that in azoxy-compounds. In a 1% ben¬ 
zene solution nitroso benzene itself is not appreciably associated, but substitution, 
especially in the ortho-position relative to NO, increases association. The per¬ 
centage of associated molecules in a 1% benzene solution is 9.2 for o-nitrosotoluene 
11.3 for iiitrosomesitykmo, and 30.9% for 2^4,6-tribromonitrosobenzene {Ham- 
mick, J. 1931, 3105; 1934, 29). On oxidation, the nitrosobenzcncs give nitro¬ 
compounds, and on reduction, amino-compounds. They condense with aromatic 
amines to give azo-compounds, water being eliminated; with /3-phenylhydroxyl- 
amine to give azoxy-compounds; with hydroxylaminc to give the isodiazoben- 
zenes; with phenylhydrazincs to give diazo-hydroxyamino-compounds; and with 
the salts of nitro-hydroxylamic acid (Vol. I, 206), or benzene sulphohydroxamic 
acid, to form /3-pbenyl-nitroso-hydroxvlaminos {Bamberger, Ber. 28, 245, 1218; 
29,102; 32, 3554; Angeli, Gazz. 33, ll, 239). 

CbHbNO + Nila • CeHs = CeHs • N: N • CAh + 11,0. 

CellsNO -f NH(0H) .C6H6 = CeHs-NO:N.Cells + H 2 O. 

CellfiNO -f NH 2 OH = CeHg NrN OIT + H 2 O. 

CeHgNO -f NUa-NHCeH^ - C6H6 N(OH)N:NCeH6(+2H). 

CcHfiNO d- HON.NOzNa - C 6 H 5 N(OH)NO + NaNO,. 

With substances containing reactive Clla-groups the nitrosobenzenes give keto- 
anils with loss of water, e.g., 

/CN ,CN 

CeHjNO -f ChZ * C6H6N:C< + HjO 

\CeH 5 

(Sacha, Ber. 34^ 494). Cone, sulphuric acid causes them to polymerise to com¬ 
pounds resembling aldols, e.g,, p-nitroso-diphenyl-hydroxylamines, NO-CeHiN- 
(OH)Ph (Barnherger, Ber. 31,1613; 32,219; c/. p, 70) . In those reactions nitro- 
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sobenzene shows a striking resemblance to aldehydes, especially benzaldehyde, 
PhCHO (p. 298) from which it differs by a N-atom taking the place of CH. With 
diazomethane (Vol. T, p. 261) the nitrosobenzenes give addition products which 
tend to lose nitrogen and go over into glyoxime phenyl ethers (p. 100) {Pech^ 
mann, Ber. 30, 2791). Catalytic reduction with PtOa produces amines directly, 
with no intermediate formation of hydroxylamine derivatives (Cusmano, Atti. R. 
Accad. Lincei 26, II, 87). The nitrv)sobenzenes react with anilines to give azo¬ 
compounds (R liter Am. 52, 1815). With Grignard reagents diaryl-hydroxyl- 
amines are formed (Wteland^ Ber. 48,1117). For the action of Na on the nitroso- 
compounds see Lukaschcwitsch^ Ann. 521, 198. 

Nitrosobenzene, CcHsNO, m.p. 68®, was first obtained in solution by the 
action of nitrosyj bromide on HgPh 2 (Baeyer^ 1874); cf. the action of NO on 
HgPh 2 (Bamberger, Ber. 30, 506; 31, 1528), and that of NOCl on PhMgBr 
(Oddo, Gazz. 39, I, 659). It is prepared by oxidising jS-phenylhydroxylamine or 
aniline, or by the electrolytic reduction of nitrobenzene. Small amounts are 
produced, in addition to other products, when phenyldiazonium chloride is oxi¬ 
dised, and when azoxybenzene is distilled. It is completely destroyed when ex¬ 
posed to light, azoxybenzene, nitrobenzene, aniline, and o-hydroxy-azobenzene, 
with some resinous matter being formed (Bamberger, Ber. 27, 1182, 1273; 35, 
1606). 

Direct introduction of other substituents into nitrosobenzene cannot be effected. 


0 -, m-, and p-Nitrosotoluenes, Cllr C 6 II 4 -NO, m.p. 72°, 53°, and 48°, respec¬ 
tively. 2,3-, 2,4-, 2,5-, 2,6-, and 3,4-Nitrosoxylenes, (CH 8 ) 2 C 6 H 3 NO, m.p. 91°, 
41°, 101°. 141° (decomp.), 45°, respectively. Nitrosomesitylene, Mc 3 *C 6 ll 2 *NO, 
m.p, 122°, is best prepared from amino-niesitylene (mesidine) by the action of 
permonosulphuric acid (Bamberger, Ann. 316, 275). y^-Chloro- and p-bromo- 
nitrosobenzenes, m p. 87° and 92°, respectively. 


0 -, m-, and p-Nitro-nitrosobenzenes, m.p. 126°, 90°, 119°, respectively, are 
obtained by oxidi.^ing tlie three' mtranilincs with permonosulphuric acid (Bam¬ 
berger, l^er. 36, 3803; Brand, Ber. 38, 4011). The o- and p-compounds arc also 
obtained b> reducing a- and p-diuitrobenzene with hydro.xylaniine or SnO in 
strongly alkaline MeOfI solution. The first products of this reaction ar^high^ 

coloured alkali salts of a dinitronic acid with a. quiiionc» stnuttuie, C 6 H 4 ^ , 

^XOOK 


which when acidified lose water and give nitro-nitrosobenzenes. By similar meth¬ 
ods the following can be obtained: o-nitroso-p-xylene, m.p. 130.5°, from o- 
dinitro-p-xylenc; 3-nitro-4-nitroso- and 4-nitro-3-nitroso-toluenes, m.p. 143° 
and 141°, from 3,4-dinitrotoluene; 2-nitro-3-nitroso- and 3-nitro-2-nitroso- 
toluenes, m.p. 92-93° and 126-127°. m-Dinitrobenzene is not reduced under 
these conditions but forms dinitro-amino-compounds, by substitution (Meistti- 
heimer, Ber. 39, 2526, 2533 ; 52, 1161). Trinitro-nitroso-benzene, (NOo)^ 12,4,6] 
CJI 2 NO, m.p. 198° (Niefzkt, Ber, 34, 59). 2-Nitro-6-nitrosotoluene, m.p. 117°; 
2-nitro-4-nitrosotoluene, m.p. 87° (l>rand, Ber. 40, 3331). 

Certain compounds, tormerly believed to be o-dt/if/raso-compounds, are ob¬ 
tained from o-iiitro-phenyl azide (Zincke, Ann. 307, 28), or, more readily, by the 
action of hypochlorite on o-nitraiiilines (Grc€?i, Rowe, J. 101, 2443, 2452). They 

^NOv 

are actually benzo-furoxanes, C 6 H 4 <^ yO, as was shown by Hamviick (J. 1931, 


3308). 

p-Di?ifiroso-derivatives arc formed in the oxidation of p-quiuone dioximes with 
potassium ferricyaiiide in alkaline solution. ' 

p-Dinitrosotoluene, Me-C 6 H 8 (NO) 2 , m.p. 133°, is obtained from toluquinone 
dioxime. It forms yellow needles with the characteristic sharp smell of quinone. 
It is converted into p-dinitrotoluene by fuming nitric acid, and into toluquinone 
dioxime by hydroxylamine hydrochloride (Melene, Ber. 21, 734; Kehrmann, Ber. 
21, 3319). m-Dinitrosobenzene, C 6 H 4 (NO) 2 , m.p. 146.5°, is formed, together 
with m-nitro-nitrosobenzenc, in the reduction of w-dinitrobenzene with zinc dust 
and acetic acid in alcoholic solution (Ahcay, Ber. 38, 1899). 

1,2,3,4-Tetranitrosobenzene, CeHaCNO)!, m.p. 93°, is obtained from diquinoyl- 
tetroxime by the action of sodium hypochlorite. 1,2-3,5-Dfaiitro-dinitroso- 
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benzene, C,H 2 (NOi)a(NO)j. in.p. 133°, golden leafleta, is obtain^ from picryl 
chloride (p. 63) by the action of hydroxylamine in acetic acid solution; on oxida¬ 
tion it gives a.s-tetraiiitrobenzene {Nietzki Her. 32, 605; 34, 55). 

In o- and p-bromo-nitroso-benzene the bromine atoms are as loosely bound as 
ill the corresponding bromo-nitro-benzenes {Hatnmick^ J, 1Q32, 742). M.p., o-, 
98®, w-, 78®, P-, 92®. 

Compounds of the general forniula R-N(O) produced by the action 

of aliphatic or aromatic-aliphatic diazo-compounds R^R*CN 2 on nitroso-com- 
pounds, are called nitrones. They are the N -ethers of oximes of aldehydes or ke¬ 
tones, and in some cases can be obtained by the action of N-substituted hydroxyl- 
amines on aldehydes and ketones. They have been called nitrones by Staudinger 
(Her. 22, 720). Diphenyl-X-phenyl-nitrone, m.p. 216-217® (decomp.) has been 
obtained by Slaudinger (Helv. 2, 554) from diphenyl-diazomethane and nitroso- 
benzene in benzene solution. 


(c) N-Aryl-hy droxylamines * 

These very reactiv*^ substances are intermediate products in the reduction of 
nitro- and nitroso-beuzenes. They are very sensitive to alkalies and acids, and 
are best prepared with neutral reducing agents, such as zinc dust in NH^Cl solu¬ 
tion, or NaSH {Lapivorlh^ J. 110, 765; Wislicenus^ Her. 29, 494; Bamberger^ 
Her. 29, 863; Goldschmidt, Ber. 29, 2307; Brayid, Ber. 38, 3076), with the 
nitrobenzenes, or Al-amalgam and water acting upon an ethereal solution of a 
nitrobenzene (Marvel, Am. 41,276). They are formed very smoothly by electro¬ 
lytic reduction of nitro-com pounds in an acetic acid-sodium acuitate solution 
(Brand, loc, cU.) , or in a solution which is kept neutral or feebly acidic by addi¬ 
tion of acids, acid salts, or bullers (Ger. Pat. 488,947). They can also be pre¬ 
pared with uh'oholic ammonium sulphides, polynitro-compounds being partially 
reduced by this reagent to nitro-aryl-hydroxylamines (WillsldUer, Ber. 41, 1936). 
Nitrophenol ethers, such as 2,4-dinitro-anisole, exchange their alkoxyl groups 
when treated with hydroxylamine hydrochloride and sodium hypochlorite, and 
give nitro-N-phenvl-hydroxylamines (Borsche, Ber. 56^ 1494). Bamberger (Ber. 
32, 1675) obtained M-phenyl-hydroxylamine by oxidising aniline w'ith permono- 
sumhuric acid. 

The aryl-hydroxylamines reduce ammoniacal silver nitrate and Fehliiig’s 
solution. Their aqueous solutions rapidly absorb oxygon from the air, especi.illy 
in the presence of alkali, hydrogen peroxide being formed. The primary oxidation 
products are nitrosobenzenes (p, 66), which, how^ever, usually combine with un¬ 
changed aryl-hydroxylamiiie to form azoxy-oenzenes: 

PhNO -f PhNHOH = PhNiNO Ph. 

Methyl groups in the o- or p-position retard this reaction so that in mesityl- 
hydroxylamine it does not occur at all (Bamberger^ Ann. 316, 257). 

With diazonium solutions, the aryl-hydroxylamines give diazo-hydroxyamino- 
compounds, e.g,, PhN(OH)N 2 Ph; this reaction is also hindenjd by o- and p- 
methyl groups. 

Phenyl-hydroxylamine, and other hydroxylaraiiies in which the p-position is 
free are converted into p-arainophenols by dilute sulphuric acid: 

PhNHOH H0[4]C6H4[1]NH2. 

When the p-position is occupied by a methyl group, the rearrangement still takes 
place, but NHa u eliminated, and the so-called **qui7iols” arc formed; these are 
related to the quinoncs (p. 233) and undergo further isomeric change to hydro- 
quinones: 


There arc tw^o possible types of substitution products of hydroxylamine, 
R • NHOH, and NH 2 OR. These were formerly called the /3- and the a-derivatives. 
It is, however, hotter to call them the N- and O-derivatives, the prcfices being 
more explicit. 
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CH,<( ^NIIOH 



HO<( SOH. 

di 


Concentrated sulphuric acid converts phenyl-hydrowlamine into p-amino- 
phenol-o-sul phonic acid. Cone. HCl converts w-tolyl-hydroxylamine into chloro- 
toluidines {Bamberger, Ber. 33, 3600; 34, 61; 35, 3697). These reactions recall 
the conversion of aromatic nitraniines, nitrosoamines, and chloramines into p- 
nitro, p-nitroso-, and chloro-anilines, resf)ectively. For a discussion of their 
mechanism see ‘‘Organic Chcrnistrv of Nitrogen,'' Oxford, 1937^ p. 163. 

With aldehydes, such as benzaldehyde, the a^l-hydroxylammes give N-ethers 
of the oximes (nitrones), PhN==^riPh, water being eliminated {PUinckt r, 

O 

Atti. Accad. Lincei 14, II, 36), but formaldehyde gives rr^ethylerhc^liaryUhijdroxyU 
amines, e.g., CH 2 [N(OH)Ph]i. This compound changes readily into glyoxime 
N-phenyl-ether (p. 100), while anhydrous CuSOi converts it into diphenyl- 
yN(OH)Ph 

hydroxyformamidine, CH<^ (p. 90). 

^NPh 

Acid chlorides give the N-acyl-derivatives of the aryl-hydroxylamiiies forming, 
e.g., N-formyl^phenylhydroxylafnine, PhN(CHO)OH, m.p. 71®, N-acetyl-^phenyl^ 
hydroxylamine, PhNAcOII, m.p. 67®, N-benzeriesulphonyl-phenylkydroxylandne, 
PhN(S02Ph)OH (Bamberger, Ber. 34, 243; 35, 1883). 

N-Phenylhydroxylamine, C^HftNHOH m.p. 82®, forms a hydrochloride which 
is precipitated from ether in white crystalline flakes, and also forms metallic salts, 
e,g., with sodium in ether; PhNHONa. 

In addition to the reactions mentioned above the formation of nitroso-phenyl- 
hydroxylamine (see below) with N 2 O 1 , and the formation of pkenyl-sulphainic acid, 
PhNHSOjH. with SO 2 in ether, should be mentioned; in aqueous solution with 
SO 2 phenylhydroxylaminc gives o-aniline-sulphonic acid (Bamberger, Ber. 34, 
246). with 1.3-ainitro- or 1,3,5-trinitro-benzene, in alkaline solution, it gives 
the two possible isomeric forms of 3-nitro- or 3,5-dinitro-azoxybenzene, PhN- 
(O) iNCeHiNOj and PhN:N(0)C6H4N0* or —C6H*(N02)2 (Meisejiheitner, Ber. 
53, 35S). Condensation pro<luc<s with hydroxj’^methylene compounds have been 
prepared by Rupe (Helv. 5, 205, 217). 

O-Ethers of unsubstituted phcnylhydi oxylamine are unknowm, but 0-ethers of 
N-benzoyl- and N-carboxethvl-phenylhydroxylamine have been prepared. 

believed that a sub'^tance obtained by him from the base by the action 
of dimethyl sulphate might be the N-methyl-ether (Ber. 52, 1093). He also 
studied the action of dilute sulphuric acid on phenyl- and tolyl-hydroxylamines 
(Ann. 390, 131). For the action of cyanogen bromide see Wieland, Ber. 37, 1536. 
For the thermal decomposition of phenylhydroxylamine to azobenzene r>ee 
Muller, Angew. Chem. 46, 691. 

0 -, W-, p-Tolylhydroxylamine, CH 2 CaH 4 NHOH, m.p. 44®, 68®, 94®, res|>ec- 
tively; 2,3-, 2,4-, 2,5-, 2,6-, and 3,4-xylylhydroxylamine, (CHOsCeHsNHOH, 
m.p. 74®, 64®, 91®, 98®, and 101® respectively. Mesityl-hydroxylamine, 

(CH.).-cja*NHon, m.p. n6«. 

p-Chloro-phenylhydroxylamine, CnC 6 H 4 NHOH, m.p. 88 ®; w-nitrophenyl- 
hydros^lamine, NO 2 C 6 H 4 NHOII, m.p. 119®, is obtained by electrolytic reduction 
of m-dinitrobenzene (Brand, Ber. 38, 3078). 2,4-Dinitro-phenylhydroxylamme, 
m.p. 80® (decomp.), obtained from 2,4-dinitro-amsole, and 2,6-dinitro-phenyl- 
hydroxylamine, m.p. 115® (decomp.) is obtained similarly (Borsche, Ber. 56, 
1496). 3,5-Dinitro-phenylhydroxylamine, (N 02 ) 8 C 6 HsNH 0 H, m.p. 135-137®. 
has been prepared by Cohen {J. 87, 1257) by reducing sym-trinitrobenzene with 
H 2 S. 2,4,6-Trmitro-phenylhydroj7lamine, picryUhydroxylnmine, (N() 2 ) 8 C 6 H 2 - 
NHOH, m.p. 113® (decomp.), prepared by Borsche (Ber. 56, 1492) fr(»m trinitru- 
phenetole and hydroxylamine hydrochloride, is oxidised by nitric acid to 1,2,3,5- 
tetranitrobenzene (p. 62), 3,5-Dinitro-p-tolylhydroxyIamine, m.p. 135-136®, 
obtained by Anschutz (Ber. 48, 152), by reducing 2,4,6-trimtrotoluene (p. 64') 
with ammonium sulphide in alcoholic solution, is oxidised to the corresponding 
azoxy-compound (Brand, Ber. 49, 673). 
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o-Nitro-phenylhydroxylamine, m.p. 74® (decoinp.) is obtained by the reduction 
of o-nitronitrosobeii7one, or from «-dinifcrobon;!one by reduction with a^^icorbic 
acid. p-Nitro-phenylhydroxylamine, m.p. 107®, is o})taincd by the latter method 
from p-dinitrobenzene (Kuhn, Wey(/nn,(i, Ber. 69, 1000). 

Phenyl-hydroxyurethane, C6Tl6N(OtI)COOIit, m.p. 47.5®, obtained from 
phenylhydroxylarnino by the action of ehloroformic ester in ether, gives an oily 
methyl ether when treated w’ith meHiyl iodide in alkaline solution {Bamberger, 
Ber. 52, 1111). 

DIARYL-HYDROXYLAMINES have been prepared from nitroso-aryls and 
aryl-magnesium halides. Thev are not veiy stable, decomposing readily to diaryl- 
amincs and diaryl nitrogen oxides. Their salts are coloured a,nd are more stable 
than the fixio base (^^e(/(•r, Her. 54, 527). Ihphcmjl-hyihoxylamine, m.p. 00®. 
Di-o-tolyl-hydroxylamine, pale yellow crystals, m.p. i)l-92® (decomp.) {Widand, 
Ber. 45, 494; 48, 1117). Their oxidation products are Iree radicals and are dis¬ 
cussed in Vul. IV. 

2,4-Dinitro-diphenylhydroxylamine, (XOo) 2 C'«HjN(On) Ph, m.p. 114® (de- 
<'omp.), orange needles, is formed from l,2,4-br')ino-nitrobcnzene and phenyl- 
hydroxy larniiKi, and also be the action of cone, sulphuric aci<i on tetranitro-tetra- 
phenyl-hydrazinc. It forms reddish-brown salts with alkalis. It dissolves 
unchanged in cone. Jh>S 04 , forming an intimselv violet solution (Wheland, Her. 39, 
3038). 

p-Nitroso-diphenylhydroxylamine, NOC«fl 4 N(OII)Ph, shiny bronze-coloured 
leaflets, rn.p. 147-152® with rapid decomp., is formed by the action of cone. 
H 2 SO 4 on nitrosobenzene. If the p-position in nitrob(mzeu<' is oc(;upicd. say by 
chlorine, this is partl 3 '’ eliminated by the acid, an<l p-chloro-p'-nitroso-diphenyl- 
hydroxylamine is formed in greenish leaflets with a bronze lustre, m.p. 143® 
(d(?comp.). The deep-rtid salts and the methyl osier, m.p. 138°, wliich is derived 
from them liavo been allotted a f|uinoid structure, IION: 0*114 :NOPh, but the 
evidence for this is slender. Boiling dilute H 2 SOt or NaOH decomposes p- nitroso- 
diphenylhydroxylamine with regeneration of nitrosobenzene {Wxeland, Ber. 39, 
303b). 


(d) Aryl-nitrosohydroxylamines 

N-Phenyl-nitrosohydroxylamine, CellsNCOlT)-NO or CellftNOCrNOH), m.p. 
59°, is produced: {!) from an ice-cold solution of phonyIhydroxylamine in IICI by 
the action of KaNO-i, or from a solution in ammonia by the action of methyl or 
amyl nitrite {Marvel, Am. 41, 270; Slater, ,1. 117, 587); {2) by the action of 
hydroxylamiiie and sodium cthoxide on nitrobenzene {Angdi^ Atti. R. Accad. 
Lincei 8, II, 28); (.7) from iiitrosoacetanilide (p. Ill), or. together with the 
isomeric iiitraraine, from potassium benzene 7i-diazutate by oxidation with alkaline 
hydrogen peroxide {Bamberger, Ber. 42, 3568, 3582); ( 4 ) by passing nitric oxide 
into an ethereal solution of PhMgBr {Sand, Ann. 329. 190); (5) by acting upon 
nitrosobenzene with the sodium salts of nitrohydroxylaminic acid, HON:N 02 n, 
or benzene sulphydroxamic acid {Anqdi, Ciazz. 33II, 239). The ammonium 
salts, ''cupferron,” m.p. 164°, is used in analysis for separating ecrtidn metals. 
The sparingly soluble iron salt is eharactcristic {T/iorriton, Silliman J. [7], 38, 
13^5 Anger, C^r. 170, 995). N-Phen^d-nitrosohydrox^dainine is a ver^^ unstable 
substance, decomposing spontaneously into nitrosobenzene, benzene diazonium 
substances, such as 4,4'-<linitro-dipheuylamine, NH(C 6 H 4 - 
N02)2. KMn 04 oxidises it instantly {Angdi, Atti. H. Accad. Lincei 32, I, 443, 
^9). By methylating its salts with methyl iodide, or the free substance with 
diazomcthane, a methyl-ether, m.p. 38®, is obtained, probably derived from the 
same tautomeric form, PhNO(:NOH), as the salts of phenyl nitrosohydroxyl- 
amme, Mnce it is reduced by aluminium amalgam to diazoberizene methyl ether, 
BhN:NOMe {Bamberger, Ber. 31, 537). For complex salts of aryl-nitrosohy- 
droxylamines see Baudisch, Ber. 49,172. p-Chloro- and p-bromo-N-phenyl-nitro- 
sohydroxylamine, m.p. 74.5® and 87®. 

{e) Amino-derivatives or Anilines 

The aromatic amino-compounds are derived from benzene and the 
alkyl-benzenes by replacing hydrogen by amino-groups: 
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C^,-NHs C«H4(NH,), C»H,(NH,), 

Aniline; aminobensene Phenylene-diamine; Triamino-bensene 

diamino'ben zene 

On the other hand, they may be regarded as derivatives of ammonia, 
and hence primary, secondary, and tertiary aromatic amines exist: 

CcHzNHj (C6H*),NH (CzHfi),N 

Pbenylamine Dipbenylamine Triphenylamine 

CzHjNHCH, CeHsNCCH,), 

Phenyl-methylamine Phenyl-dimethylamine 

If the hydrogen in the side-chains of the benzene homologues is 
replaced by the NH 2 -group, the compounds formed are true analogues 
of the aliphatic amines , Ph CH 2 NH 2 , benzylamine. They will 
be considered in connection with the alcohols from which they are 
derived. 

The benzene ring and the nitrogen atom attached to it lie in one 
plane, but the two hydrogen atoms of the amino-group do not lie in 
the same plane, because of the non-planar distribution of the three 
nitrogen valencies. Hence the p-phenylene diamines and tetra- 
methyl-p-phenylene diamines have finite electric moments {Weiss^ 
berger, Williams, Sdngewald, Z. physikal. Chem. B 5, 237). 

1, Primary Aromatic Amines 
Methods of formation 

/. Reduction. — 1 . The most general method of preparation is by 
the reduction of the corresponding nitro-compounds: 

PhNOa + 6II = PhNHz + 2 H 2 O. 

N-Phenylhydroxylamines and nitrosobenzenes are intermediate 
products in this reduction, and can be isolated under suitable condi¬ 
tions (p. 59). 

The more important methods of reduction are: 

(a) The action of ammonium sulphide in alcoholic solution 
{Zinin, 1842): 


PhNOa -h 3H«S « Ph -NHa + 2H20 + 3S. 

With polynitro-compDiiiids, this method usually only reduces one nitro-group and 
nitrainino-coinpounds are formed. In chloro-nitrobenzenes, nitro-groups in the 
ortho-position h) chlorine or to another nitro-group are not reduced by ammonium 
suli)hide, but either chlorine or the nitro-group is replaced by S or SH (Lauhen- 
heinier, Ber. 11, 1156; BvikU in, Ber. 11, 2056). In general, nitro-groups in the 
o-position to other substituents are unatfected by ammonium sulphide, but in 
most cases are reduced by SnCh {Cohen J. 87, 1257). In place of (NH 4 ) 2 S. 
the sulphides, hydrosulphides, and polysulphides of the alkali metals can be used 
(see Brandy J. pr. 74, 449). Sodium disulphide, Na 2 S 2 , is a valuable reagent for 
this purpose and is oxidised to the thiosulphate: 

llNOi + NaoSz + II 2 O = RNH, -f NajSjO,. 

(6) The action of zinc and HCl on alcoholic solutions of nitro¬ 
compounds {A. W. Hofmann), or of iron filings and acetic acid or HCl 



72 


AMINO-DERIVATIVES 


(Bechamp, 1852). Aniline and o- and p-toluidine are manufactured 
in this way industrially, iron and hydrochloric acid being used; for 
the mechanism of this reaction see p. 75. The use of zinc and HCl 
is to be avoided, since chloro-compounds are often formed. 

(c) The action of tin and HCl (Roussin), or acetic acid {Fried- 
Idnder, 1882), or of a solution of SnCl* in HCl. 

CJI,NO, + 3Sn -f- 6HC1 = + SSnCh 4- 2 H 2 O. 

C,HjNOj + 3Sn(;i2 + 6HC1 =• CJIiNIb + SSnCU + 2 II 2 O. 


The last reaction may be used for the quantitative di»terminatioriof nitro-groups. 
By adding the calculated cpiantity of SnCb in alcoholic HCl to the alcoholic solu¬ 
tion of a polynitro compound, the reduction can be carried out ste,p by step. In 
2,4-dinitro-toluene the p-NOa is thus reduced, while aininoniurn sulphide reduces 
the 0 -NO 2 {AnachutZy 1886; Schr(Hitei\ Ber. 35, 2f)7d). Graphite accelerates the 
reduction with Sn and IICl ,1. pr. 65, 579). Ijosner (Z. physikal. Cliem. 

56, 1) has determined the st^eed of reduction with SiiCli and HCl. 

(d) Electrolytic reduction in acid solution. In conc(Hitrated sulphuric acid, 
p-aminophenol is the chief product, being produced by a rearrangement of 
phenylhydroxylamim* which is first formed (p. 69). For summary of literature 
see Ann. 355, 175. For partial electrochemical reduction of polynitro-compounds 
see J. pr. 87, 487. 

Other reducing agents used with advantage in certain cases are: 

(c) TiOlj and HCl, especially for the quantitative determination of nitro- 
groups {Kntcht. Ber. 36, 1554; see Knechi and Ihhherl^ ^^New Reduction Methods 
in Volumetric Analysi.s,'’-London, 1925, p. 29). 

(/) Sodium arsenite (Jjosner J. pr. 50, 563). 

(ff) Zinc dust in ammoniacal or alcoholic solution. 


^1 W^ 7 Forrous compounds, such as Fe(OH) 2 , FcCO», ferrous acetate (Ger. Pat. 

(i) Propyl-, isopropyl-, butyl-, or isoaiiiyl alcohol and NaOH (Suler, xVm. 
50, 2733). 


(J) FeS 04 and baryta water or ammonia is useful for redufang nitro-compouiids 
which are soluble in water or alkalis {GahneL Ber. 15, 2237; Fischer, Ber. 28, 

3193). » » ; , , 


(k) Hydrogen reduces nitro-compounds smoothiv to anilines when the re¬ 
actants are passed over finely divided metals, such as Cu, Ni, etc., at 200-400° 
(Sabatier, Setuferrns, C.r. 133, 321) or over metallic oxides such as FcO, Fe 304 
^jgt. Pat. 27^,322). In the presence of finely divided rnf^tals, especially Fe, 
Pt, and Pd, the reduction can be carried out in alcohol or ether, at ordinary or 
somewhat higher temperatures, with or without the application of pressure (Br. 
Pats. 295,824 and 297,212; Pool, Ber. 40, 2209). 

(l) CO, in the presem^e of iron, at 150° and 150 atm. reduces nitrobenzene to 
aniline. 


Reduction of nitroso-compounds, see nitrosu-benzene fp. 07), nitroso- 
dimethylaniJine (p. 105), and quinone-iiximes. 
d. Reduction of hydrazo-compounds and hvdrazines (pp 144, 119). 

reactions.— ^ Halogens, NO 2 , OH and alkoxyl groups can be 
replaced by NH 2 , by the acjtion of ammonia. Pure balogenatcd benzenes when 
heal^ed in .‘iinmonia yield only traces of amino-compounds, but in the presence of 
small quantities of copper salts the reaction takes place more readily (Ger. Pat. 
204,951). Compounds containing a nitro-group react without a catalyst, and the 
more readily the greater the number of nitro-groups. 1,2-Chloro- or -bromo- 
nitrobenzene, 1,2-dinitrobenzene, 2-mtropheiiol and its alkyl ethers, 4-chloro- 
or -bromo-nitrobenzene, 4-nitrophenol and its alkyl ethers, all give nitramino- 
compounds when heated with ammonia. The meta-compounds do not react 
(Barr, Ber. 21, 1541). 

Phenols can be directly converted into primary (and secondary) amines by 
heating^with ZnCb-NH, to 300-350° (Calm, Ber. 16, 2812; Buck, Ber. 17, 2633: 
Merz, Ber. 19, 2916; Lloijd, Ber. 20, 1254). Naphthols react in the same way 
but much more easily: 
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Ci»H, OH + + H^O. 

Naphthol Naphthylaraine 

5. Halogen derivatives or alkali sulphonates can be heated with sodamide 
(Sachs Bar. 39, 3006). 

0. The carboxyl group of aromatic acids is replaced by NH 2 as with the 
aliphatic acids by Hofmann's method, through the amides, and by Curtius' 
method through the azides. The direct method, using hydrazoic acid, can also 
be used (v. Braun^ Ann. 490, 125; Osterlin, Z. angew. Chem. 1932, 45, 536). 
A further method is the Beckmann rearrangement of the oximes of aromatic ke¬ 
tones to acylated aromatic amines (V^>1. I, p. 268), from which the amines are 
obtained by hydrolysis: 

PhC(NOH)Me-► PhNHCOMe-► PhNH*. 

7. The direi^t inf roduction of the amiiio-growp into benzene hydrocarbons may 
sometimes be effected by heating the latter with nydroxylamine hydrochloride and 
AlCb or FeCla (Graebe^ Ber. 34, 1778). 

C,H, + NHjOH + H.O. 

The yield of anilines is poor, and is still lower in the catalytic reaction of benzene 
with ammonia at higher temperatures (Wihaul, Ber. 50,541). 

III, Decomposition reactions, — 8. Heating amiiio-earboxylic acids: 

(NH2)2C»H;.C02H « CO 2 4 C«H4(NH2)2. 

9, Heating secondary or tertiary amines with HCl, or rapidly 
heating the quaternary aminoniuin salts alone: / 

CJh-NHCHi + HCl « Celh-NH* -f CH,C1. 

CeHs NHCaHi llBr - C.H,.NH2 + CjIhBr. 

IV, Reactions involving the benzene nucleus, — tO, When aniline 
is heated with methyl chloride, monomethyl aniline hydrochloride is 
the primary product; it dissociates at a higher temperature, aniline 
and methyl chloride being re-formed. But at a still higher tempera¬ 
ture (340°) a nuclear hydrogen atom of aniline is replaced by a 
methyl group, and a toluidine hydrochloride is obtained. Phenyl- 
trimethylammonium iodide gives mesidine hydriodide: 

Celifiv C 6 H 4 NH 2 HCI 

>NH HC1 -► T C,H*N(CH,)J - 

CH,/ CH, 

Phenyl methylamine Toluidine Phenvl-triinethyl 

hydrochloride hvdrochloritle ammonium iodide 

C«H2(CH,),-NH2HI. 

Mesidine hydriodide 

In this way secondary and tertiary aromatic bases can be converted 
into isomeric primary bases. Instead of the hydrohalides of second¬ 
ary and tertiary bases, the salts of primary bases can be heated to 
300“ with the appropriate alcohols {Hofmann, 1880; Ber. 13, 1729); 
or the free bases are heated to 250“ with paraffin alcohols and zinc 
chloride. The corresponding phenols are by-products in this reac¬ 
tion, e.g., mesitol, CJIjMesOH, together with mesidine, C«H 2 MesNH*. 
The greater the numbt-r of methyl groups attached to the ring the 
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more the phenols predominate; pentamethyl-aniline is not formed at 
all, but only pentamethyl-phenol. 

Similar apparent migrations of substituents from the amino-group 
to the nucleus have been observed in other cases, e.g., by de Brereton, 
Evans, Proc. 1895, 235; see also phenylhydroxylamine etc., p. 69. 

11. The oximes of some ketones derived from unsaturaied cyclohcxenes, such 
as those of methyl- and dimethyl-cyclohexcnone, trimethyl-cyclohcxenone, or 
isoacetophorone, yield primary anilines when heated with HCl, atomic rearrange¬ 
ment taking place (Ann. 322, 379). 

12. Small yields of anilines have been obtained by acting on phenyl magnesium 
halides with monochloramine (Coleman, Am. 50, 1193), or with hydroxylamine 
(Weissherger, J. pr. 124, 29). 

Properties and reactions of the aromatic amines. —^^Fhe simpler pri¬ 
mary amines are colourless compounds of a peculiar, and not un¬ 
pleasant smell. They can be distilled without decomposition at 
ordinary pressure. In salt formfition they resemble alkylamines 
(Vol. I), but they are much weaker bases than the primary alkyl¬ 
amines, have no alkaline reaction, and are only slightly soluble in 
water. They are volatile with steam. The primary bases can be 
separated from the secondary and tertiary bases by the aid of ethyl 
oxalate, which combines with the primary bases to give high-boiling 
oxamino-esters, which arc easily separated from the other, low-boiling, 
bases by distillation {Thomas, J.lll, 562). 

The basicity of substituted phenylamines is still further reduced 
when the substituents are acidic in character. Thus, the salts of 
disubstituted anilines, such as C 6 H 3 CI 2 NH 2 and C 6 H 3 (N 02 ) 2 *NH 2 , 
are decomposed by water, or do not exist at all. 

The aromatic amines are hydrogenated to the corresponding 
amino-cyclohexanes (Vol. II, p. 106) by passing their vapours with 
hydrogen over finely divided nickel at 190"^, or by heating them with 
hydrogen under high pressure in the presence of nickel. The amino- 
cyclohexanes are as basic as the aliphatic amines, and do not resemble 
the aromatic amines. 

As the representative of the primary aromatic amines aniline will be 
described in some detail. The following are the general reactions of 
the amino-group: 

1. Alkali metals dissolve in primary aromatic amines on heating, 
with liberation of hydrogen. Aniline gives potassium and dipotas¬ 
sium derivatives, PhNHK and PhNK 2 (p. 78). 

2. Alkyl halides combine with the anilines to give secondary, 
tertiary, and finally quaternary ammonium compounds (Vol. I, p. 197). 
When passed over silica gel at 365^00®, mono- and di-alkyl-anilines 
are formed {Brown, Reid, Am. 46, 1836). 

S. One molecule of an aldehyde combines with one or two molecules 
of a primary amine, with elimination of water {Miller, Ber. 25, 2020). 
With furfural, all primary anilines form intensely red compounds. 
With one molecule of a ketone analogous condensation products of 
the type R *N=CR 2 , called anils, are obtained. 

4- The reactions of free primary anilines and their salts with 



ANILINE 


76 


nitrous acid have been of paramount importance in the development 
of organic chemistry. The compounds formed are called diazo- 
compounds. They an? intermediate steps in the conversion of nitro- 
and amino-compounds into substitution products of many kinds. 

5. With thionyl chloride, the primary anilines react in the same 
way as the primary aliphatic amines (Vol. I, p. 193). Thionyl- 
anilines are formed. 

6. One hydrogen at<Hn in the amino-group is very readily replaced 
by an acid radical, and acid anilides, corresponding to the acid amides 
(Vol. I, p. 321), are formed. The acctyl-com])ounds usually crystal¬ 
lise well, and are often prepared as cliaracteristic derivatives (p. 88; 
Jacobs y Am. 39, 1439). 

7. Ill tlie same way as th(i primary aliphatic amines (Vol. I, p. 
195), the primary anilines give carbylamineSj or isonitrileSy with chloro¬ 
form and aqu(}ous alkali. 

8. With carbon disulphide the primary anilines give H 2 S and 
diaryUiJiioureas y while the primary ali]3hatic amines give the ammo¬ 
nium salts of alkyl-dithiocarbamic acids (Vol. I, p. 195). 

9. Quinoline and other liases containing ciuinoline nuclei have 
boon synthi'sised by heating aniline and otlun* aromatic bases with 
glycerol, sulphuric acid, and nitrobenzcnie, or some other oxidising 
agent. TIk'so syntlu'ses have greatly contributed to the development 
of the chemistry of the (luinoline grouj). Other syntheses of quinoline 
derivatives d(‘fr^nd on the condensation of primary aromatic amines 
with alijihatic aldehydes by means of HCl or Z 11 CI 2 . 

10. Primary ar{)rnatic amines when heated with o'-halogeno-ketones gives 
indoles, and sometimes dxhydra-pyrazine derivatives. The hydrohalides of the 
anilines combine with stannic halides to give chloro- and bromo-stannates which 
crystallise readily (^[aicr). 

Aniline, phenylaminey aminobenzeney C 6 H 6 NH 2 , m.p. —8®, b.p. 
184®, do 1.0361, is an oil with a characteristic smell, soluble in 31 parts 
of water at 12.5®; dipole moment 1.55 D.; Raman spectrum see 
DadieUy Mo. S2, 379; Kohlrausrhy Mo. 57, 225. 

History.- Aniline was discovered in 1820 by Unverdorhen, among the distilla¬ 
tion products of indigo, and was calltxl crystallin by him, because its salts crystal- 
li"^c readily. Hanyy (18o4) detected it in coal-tar and called it kyanol, on account 
of the blue colour it gives with bleaching powder. Fritzschc (1841) while distill¬ 
ing indigo with caustn; pota'^h found a base which he called aniline from the 
Spanish word for indigo, an/iL Zinin, in the same year, 1841, reduced nitro¬ 
benzene with ammonium sulphide and called the product benzxdom. The fact 
that these four bases arc identical was .shown by Hofmann (Ann. 47, 37). 

Industrially aniline is made from nitrobenzene by reduction with 
iron in presence of one-fortieth of the quantity of HCl required by the 
equation : 

PhN02 + 2Fc + 6HCI = PhNHj + 2 FeCl 3 + 2 H 2 O. 

The first product is probabl}'^ FeCl 2 which at!ls as a carrier in the re¬ 
duction of nitrobenzene by iron and water, the finely divided metal 
being the actual reducing agent {Wohly Ber. 27, 1436, 1815). 
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+ 3Fe + 6HC1 « CaHJSTH* + 3FeCl* + 2H*0. 
C«HtN02 + 2Fe + 4HjO - UHjNHa + 2 Fe(OH) 2 . 


The catalytic reductiun of nitrobenzene with hydrogen is at present carried out 
on a very large scale. Aniline is also produced from chlorobenzene vapour by 
heating with ammonia in the prestmce of catalysts (Chem. tei:h. tJbers. 57, 159). 


Other reagents for rediu‘irig nitrobenzene to aniline have been 
given above (p. 71), and the general methods of formation of primary 
phenylamines have been summarised on p. 71, mainly by reference 
to aniline. The same applies to the reactions of aniline: the action 
of alkali metals, alkyl halides, aldehydes, nitrous acid, thionyl chlo¬ 
ride, the formation of aiiilic acids, the rea<ition with CS 2 , chloroform 
and caustic j)otash, gl 3 cerol and nitrobenzene, etc. Aniline, which is 
readily available, is us(*d as a starting material for the preparation of 
many aromatic compounds, almost as mu(;h as ammonia itself. In 
spite of its feeble basicity, it precipitates zinc, aluminium, and ferric 
hydroxides from solutions of their salts, and it displaces ammonia 
from its salts because it is less volatile. 

Aniliiu' IS a poiscm; for its poisonous effects see Adamson^ Ind. 
Eng. 8,1058. It is a solv'ont for many substances, indigo. 

Aniline is very s(nisitive to oxidation. In air it gradually turns 
brown and resinifii's. An aqueous solution of bleaching powder pro¬ 
duces a purple-violet colour {Nietzkij Ber. 27, 3263). With sulphuric 
a(‘id and a few drops of potiissium chromate solution it first turns 
red and then intensely blue. On oxidation with hot bleaching powder 
solution, or cold perinaiigamite solution, it passes through a series of 
intermediate stages and is finally reconveiied, in part, into nitro¬ 
benzene {Bambergery Ber. 26, 496; 31, 1522). With chromic acid it 
gives quinone (p. 235) and with chlorates in presence of certain 
metallic salts it gives aniline black (p. 216). Persulphates oxidise it to 
2,5-dianilido-quinone-rnoniminej 


N HCelU 

and bromic acid xjroduces amiuo-anilido-quinone-monimine, m.p. 
127^128° (C. 1911, 1, 614). On catalytic reduction aniline is con¬ 
verted into cyclohexylamine {Adkim, Am. 52, 4349; C. 1931,1, 918; 
C. 1931, II, 3109). 

The researches of Bamberger^ Willst&ttery and Goldschmidt have 
shown that three main types of oxidation products of aniline may be 
distinguished: monomolecular, such as phenyl-hydroxyl amine and 
nitrobenzene; dimolecular, such as azobenzene, azoxybenzene, and 
phenyl-quinone-diimine; and polymolecular, such as emeraldine and 
aniline black (Ber. S3, 36; SS, 3223). Goldschmidt has represented 
these relations by the scheme reproduced below, in which the sub¬ 
stances on the same line belong to the same type of oxidation: 
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-C.H.NH,- 




COL NHOH — C,H, NH, Cai.-N:N 0.11, ■^C.H.N<-*HN:CJL=N • 0^1. 


+C.II.-NO 

0 

C,H*—N=N—C,EI. 


Crft,-N:0- 


.._.J 


emeraldine 

4-CtH^NHa i 

aniline black 

I 

quinone 

NC,H, 


CeHt-NO, 


C4H*NH 



NHCcHfc^- 


NH 

Azopheninc (I) 


It m probable that with c(5rtain oxidising agents aniline oxide, and 
with others the radical PhN:, are the primary oxidation products. 
The compounds which are related to phenyl-quinone-diimine belong 
to the same stage of oxidation of the radical and are formed either by 
the hydrolysis of that compound or from dianilino-N-phenyl-quinone- 
diimine (I above); such substances are 


NH 


QHiNH—C4H4NH—i 



NHCefb-NHC.Ib 


NC.H4 


and C.IL NH <^^ = 

and aniline black itself (p. 246), 


Aniline and nitrosobenzene (p. 67) combine to give azobeuzeiie; aniline and 
nitrobenzene in the presence of powdered caustic potash give azobenzene and 
phenazine oxide (Wohl, Ber. 34, 2442). Schmidt (lier. 55, 1581) describes a 
compound obtained from aniline and siilphuryl azide, SOgCNs)^, which he calls 
pseudo-aniline, and wliich is possibly represented by the formula 



Many important dyes, such as aniline black, fuchsin, and many others, and 
drugs such as antifebrin, antipyrin, etc,, are made from aniline, as well as certain 
plastics (Br. Pats. 266,358and306,972; U. S. Pat. 1,756,818). 

ANILINE SALTS. The hydrochloride, m.p. 198®, commercially kno^^^l as 
‘'aniline salt,'' is obtained in the pure, dry form when dry HCl is passed into a 
solution of aniline in ether (UUmann. Ber. 31, 1698). It deliquesces in air. For 
anomalous salts of aniline with HCl and HBr see Maudal, Bor. 53, 2216. Its 
dovhle salt with platinum chloride crystallises from alcohol in yello^^ needles. 
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Double salts with stannous and stannic cMmcfcs, SnCl 2 ’ 2 PhNH 2 -HCi *21180 and 
SnCl4*2PhNH2 HCl-2H20. Sulphate, (PhNH 2 ) 2 H 2 S 04 . Thiosulphate, (Ph- 
NH 2 ) 2 H 2 S 03 ; only primuiy anilines form normal thiosulphates {Wahl^ C.r. 133, 
1215). Nitrate, rhombic plates. Perchlorate, brown elonj^ated plates, readily 
soluble in water, stnble in air, and explosive {Spallmo, Ann. chimia. appl. 1, 
435). Oxalate, rlnunbic prisms. Not only the hydrochloride, but also free aniline 
forms double salts with some salts. In a similar way it adds on to trinitrobenzene. 

POTASSIUM-ANILINES. PhXHK and PhNKj arc not known in the free 
state, but the formation of di- and triphenylamines in the action of bromobeiizene 
on the reaction prodii(;t of potassium and aniline may indicate that the hydrogen 
of the amino-group is replaced by potassium. Sodium docs not act on aniline 
below 200°. Small (juantities of Cu, CuO, etc., accelerate this reaction (Ger. 
Pat. 215,339). See also acetanilide, p. 88, and monomethylaniline, p. 81. 

In the isotope exchange between aniline hydrochloride and heavy water not 
only are the thiee hydrogen atoms of the —-NHs ^ group exchanged for deuterium, 
but also three of the nuclear hydrogen atoms, those in the o- and p-positions 
(Harada, TUarii, Hull. Claim. Soc. Japan 11, 554). 

ANILINE MAGNESIUM HALIDE COMPOUNDS, such as PhNHMgl, are 
obtained as crystalline precipitates when aniline reacts with an ethereal solution 
of an alkyl magnesium halide (Meunier, C.r. 136, 758). 

PhNHo -f MeMgl = PhNH Mgl + CIU. 

They rapidly absorb CO 2 with formation of carbamates (Honheit, Her. 37, 3978) 
and with esters give acid anilides {Bodroux, (J.r. 142, 101). Magnesium aniline. 
Mg(NHPh) 2 , is a golden-yellow powder which decomposes in air, and is obtained 
by passing aniline vapour over Mg at 370°. It adds on (X )2 with the formation 
of magnesium phenyl-carbarn ate, Mg(OCONHPh )2 {Terentiev, Bull. 35, 1164). 

AMINOTOLUENES, TOLUIDINES. Some compounds belong¬ 
ing to this class are important in the dye industry, especially 0 - and 
p-toluidines. Most of these bases are liquid at ordinary tempera¬ 
tures, and r(*adily give crystalline acetyl compounds on boiling with 
acetic acid or tn'utment with acet^d (ihloride or acetic anhydride. 
These substituted acetamides form well-defined crystals of constant 
melting point and can be used with advantage for the characterisation 
of the bases, from whicli they are easily prepared. In the following 
sections tlie m.p. of the acetyl compound is given for each base in 
addition to the m.p. or b.p. of the Irasc itself. The toluidinos are 
prepared by the reduction of intro-compounds and also by heating 
the hydrochlorides of N-methylated bases such as dimethyl-aniline, 
PhNMe 2 , under pressure at high temperatures (p. 73) (Hickinhottom, 
J. 1930, 1558). 

TOLUIDINES, CH 3 C 6 H 4 NH 2 . The three toluidines are iso¬ 
meric with benzylamine, PhCH 2 NH 2 , which will be dealt with in 
connection with Lenzyl alcohol, and with methyl-aniline, PhNHMe 
(p. 81). They arc prepared by the reduction of the three nitro- 
toluenes (p. 63). m-Toluidino can also be prepared by reduction of 
?7^-nitrobenzal chloride, which is obtained from m-nitrobenzaldehyde 
{Ehrlichy Ber. 15, 2009; Harz, Ber. 18, 3398). p-Toluidine was dis¬ 
covered in 1845 by Hofmann and MuspratL 

o-Toluidine is dimorphous, m.p. —16.25® and —24.4°; b.p. 199® ( Timmermans^ 
Belg. 30, 62); aoet-o-toluidide, m.p. 110®, b.p. 296®, m-Toluidine, liquid, b.p. 
203®; acet-nt-toluididc, m.p. 65®, b.p. 303®. p-Toluidine, m.p. 45^, b.p. 200®; 
acet-^-toluidide, m.p. 145®, b.p. 300®. 

p-Toluidine forms a moiiohydrate, McC6H4NIl2*H20, m.p. 42.5®, which can 
be used for isolating and purifying the base (Friswell, Chem. and Ind. 27, 258). 
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The hydrochlorides of o-, m-, and p-toluidine melt at 215®, 228®, and 243®, 
respectively, and boil without decomp, at 242®, 250®, and 257® {Ullrncinn, Ber. 
31, 1698). 

Separation of o- and p-loluidine .—On nitration of toluene o- and p-nitrotoluenes 
are formed. These, when reduced, give the industrially important toluidines. 
The o- and p-toluidines are separated by treating a mixture of the bases with less 
sulphuric acid than is required for neutralisation and distilling. The p-compound 
is the stronger base, and remains as the sulphate. The greater solubility of o-tolui- 
dine oxalate or of acet-o-toluidide can also be used with advantage. A further 
method of separating aniline, o-, and p-toluidine is based on the different be¬ 
haviour of their hydrochlorides with NaH 2 P 04 (Lcwy, Ber. 19, 1718, 2728; 
Dohriner^ Z. anal. Chem. 34, 734). 

In the aniline dye industry a distinction is made between: aniline oil for blue =« 
pure aniline; aniline oil for red = equiinolecular proportions of aniline, o-, and 
p-toluidine; aniline oil for safranin = aniline and o-toluidine, obtained from the 
distillate of the fuchsia melt. 

The free toluidines arc readily oxidised to azo-compounds {Green, 
Ber. 26, 2772). Whem the amino-group is protected from oxidation 
by the presence of an acid radical, e.p., acetyl, KMn 04 oxidises the 
methyl group to carboxyl; thus, acet-o-toluidide is converted into 
o-aceto-aminobenzoic acid {Bedson, Ber. 14, 263). When the acet- 
toluidides are chlorinated, brominated, or nitrated the new sub¬ 
stituent as a rule goes into the p- or o-position to the acetamino group 
(see p. 14). 

o-Toluidine gives a violet colour with aqueous bleaching powder and HCl, 
like aniline, but p-toluidine does not. From a solution of o-toluidine in HCl. 
FeCla precipitates a blue substance, known as toluidine hive. With r?-butyl 
chloride, p-toluidine gives mono- and di-butyl-toluidines, but o-toluidine gives 
only a mono-derivative, possibly for steric reasons. 

XYLIDINES, (CH 3 ) 2 C 6 n 3 NIl 2 . All six possible isomers are known: 

3- Amino-o-xylene, v-o-xylidine, liquid, b.p. 223°, acetyl deriv. in.p. 134®. 

4- Amino-o-xylene, as-o-xylidine, m.p. 51®, b.p. 226®, acetyl deriv. m.p. 99®. 

2- Amino-7n-xylene, ?;-m-xyUdine, liquid, b.p. 216®, acetyl deriv. m.p. 177°. 

4- Amino-w-xylene, as-o^-xylidine, liquid, bp. 212°, acetyl deriv. m.p. 129°. 

5- Amino-??i-xylene, .sv/m-ja-xylidine, liquid, b.p. 220°, ac^etyl deriv. m.p. 138°. 

3- Ammo-p-xylene, p-xylidine, m.p. 15®, b.p. 215°, acetyl deriv. m.p. 139°. 

For the melting and boiling points of the hydrochlorides see Ullmann^ Ber. 31, 
1699. 

Commercial xylidine is obtained from crude xylene and is uscxl for making azo¬ 
dyes; it consists mainly of as-m- and p-xylidines. For the separation of the iso¬ 
meric xylidines sec Noelting, Ber. 18, 2664; Staedel, ibid, 2918. 

AMINO-POLYMETHYL-BENZENES, (CH 3 )„C 6 Hf„ nNIb. A product has 
been obtained industrially by heating jQrlidine hydrochloride and methyl alcohol 
at 250° under pressure. It consists mainly of syw-pseudocumidine and mesidine, 
and is used for making red azo-dyes (Hofmann, Ber. 15, 2895), 

s^-Pseudocumidine, [ 5 NH 2 , 1,2^] m.p. 68°, b.p. 235°; acetyl deriv. m.p. 
164° (Haller, Ber. 18, 89; Auwers, Ber. 18, 2661). 

Mesidine, [ 2 NH 2 , 1,3,5], liquid, b.p. 233°; acetyl deriv. m.p. 216° (Engel, 
Ber. 18, 2229; Feiil, Ber. 24, 3546). 

Duridine, I 3 NH 2 , 1,2,4,5], m.p. 75®, b.p. 261 262°; acetyl deriv. m.p. 207® 
(WillsUilter, Ber. 42, 4160). 

Isoduridine, [ 4 NH 2 , 1,2,3,5], m.p. 23°, b.p. 258-260°; acetyl deriv. m.p. 
217.5® (Hey, J. 1931, 1681). 

Amino-tetramethyl-benzene, [ 5 NH 2 , 1,2,3,4], m.p. 70®, b.p. 260°; acetyl 
deriv.. m.p. 172® (lAmpach, Ber. 21, 644; Tdfd, 21, 305). 

Amino-pentamethyl-Denzene, m.p. 151®, b.p. ^77°; acetyl deriv. m.p. 213° 
(Hofmann, Ber. 18, 1821). 
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HOMOLOGUES OF ANILINE WITH LARGER ALKYL RADICALS. These 
are prepared from nitro-compounds by reduction, and can also bo obtained by the 
apparent rearrangements which take place when aniline is heated with aliphatic 
alcohols and ZuCU at 250-280° (see p. 73). The alkyl group goes into the p- 
position to NH 2 . With isobutyl and isoamyl alcohols, p-tert.-butyl and p-tert.- 
amyl anilines are formed {Anschutz^ Ber. 28, 407). 

p-Amino-ethyl-benzene, m,p. —5°, b.p. 216° (Pictet, Ber. 22, 1849). 

p-Amino-propyl-benzene, b.p. 225°; acetyl deriv. m.p. 96-96.5° (Hickin'^ 
bottom, J. 1930, 1558, 1506). 

p-Amino-isopropyl-benzene, b.p. 225°; acetyl deriv. m.p. 102° (Crystam, 
Ber. 21, 1159). 

p-Amino-isobutyl-benzene, b.p. 235-236°. 

p-Amino-tert.butyl-benzene, m.p. 17°, b.p. 228-230°; acetvl deriv. m.p. 
172°. 

p-Amino-octyl-benzene, m.p. 19°, b.p. 310°; acetyl dfiriv. m.p. 93° (Hiran, 
Ber. 18, 131). 


2. Secondary and Tertiary Aromatic Amines and Quaternary 
Ammonium Bases 


N-ALKYL ANILINES. Methods of formation—1 . The N-alky) 
derivatives of aniline and of its homologues are formed, like the 
aliphatic amines (Vol. I), by the action of alkyl bromides or iodides 
on the primary bases, sometimes even in the cold. When mixed 
lialides are used, addition of sodium carbonate is useful (U. S. Pat. 
1,854,553). They <3an also be obtained by heating aniline hydro¬ 
chloride or, preferably, hydrobromide {Staedel, Ber. 19, 1939) with 
alcohols to 250^, or by passing these compounds as vapours over 
AI2O3 at 400 ^ 

2. The above method gives a mixture of the hydrohalides of the 
mono- and di-alkylamines. The mono-alkylamines are prepared 
pure from the acetyl compounds of primary bases. These are dis¬ 
solved in toluene or xylene and an equivalent quantity of sodium is 
added. Hydrogen is evolved and a solid, white, sodium-acetanilide 
is formed. This reacts smoothly with alkyl halides. The alkyl- 
acetanilide is then hydrolysed to tlie N-alkyl-aniline: 


^COCn, Na _/COCH, 


CJhN< 

il ^Na 


C«H6N< 

^CH, 


CeHfiNC^ 


H 

CII, 


Separation of primary, secondary, and tertiary amines ,—Tertiary amines can be 
obtained from a mixture of all three types of amines by treatment with acetic 
anhydride, with which the tertiary compound^ do not react; the other types 
form non-basic acetyl dorivativos. Secondary amines can be obtained pure by 
treating the mixture dissolved in hydrochlorirt acid with NaN02. The secondary 
compounds form N-nitroso-derivatives which are non-basic and insoluble in water, 
while the primary compounds give soluble diazonium salts, and the tertiary com- 
j)ounds C-nitroso-compounds whi(*h are basic. The nitrosamine can be recon¬ 
verted into the secondary amine by boiling with hydrochloric acid, by reduction 
with Sn and HCl, or, best of all, by treating it in hydrochloric acid solution with 
thiourea (Macmillan, Read, J. 1929, 585), or with cuprous or ferrous chloride 
(Jones, Kenner, J. 1932, 711). The three types can be separated from one 
another by treating their alcoholic solution successively with small amounts of 
cone, sulphuric acid (Price, Chem. and Ind. 37, 82). 

Properties and reactions, —^The more important compoimds of this 
class are the methyl- and ethyl-anilines. When freshly distilled, 
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they are colourless licjuids, with a high refractive index, but they 
padually turn brown on exposure to light. They smell somewhat 
like aniline, but are more unpleasant. 

The behaviour of secondary N-alkylamines recalls that of dialkyl- 
amines (VoL I, p. 193). a. They form salts, and combine with 
alkyl halides to give hydrohalides of tertiary amines. 6 . By the 
action of acid chlorides and anhydrides the imino-hydrogen is re¬ 
placed by the acyl group. The same compounds are obtained by 
method of formation 2 (above), c. With nitrous acid they give 
nitrosamines. 

In the TERT^RY N-DIALKYL ANILINES which contain a 
hydrogen atom in the p-position to the dialkylamino-group, this 
hydrogen is remarkably reactive. A number of reactions take place 
which are impossible, or difficult, with primary or secondary anilines. 
Nitrous acid converts them into p-nitroso-compounds. With 
formaldehyde, phosgene, and aromatic aldehydes the dialkyl anilines 
condense to form diphenylmethane derivatives. 

The primary, secondary, and tertiary aromatic amines differ in 
their behaviour towards nitrous acid in the following ways: 

1. Primary anilines give diazo- and diazoamino-compounds. 

2. Secondary N-alkylanilines give nitrosamines. 

S. Tertiary N-dialkylanilines give p-nitros( )-t*ompounds. 

Other reactions of N-dialkylanilines are mentioned in connection 
with dimethylaniline. 

The methyl- and ethyl-anilines have the following physical proper¬ 
ties: 


Compound 

M.p. 

B.p. 

d. 

Monomethyl-aniline 

Liquid 

194® 

0 939 (20“) 

Dimethyl-aniline 

1.5® 

193® 

0.9575 (20°/4‘’) 

Ethyl-aniline 

Liquid 


0 964 (15°) 

Diethyl-aniline 

n-Propyl-aniline 

Acetyl derivative 
tso-Propyl-aniline 

Acetyl derivative 
n-Butyl-aniline 

Acetyl derivative 
tso-Butyl-aniline 

Acetyl derivative 

-21.3® and -34.4® 
(dimorphous) 

222® 

48-49® 

212-213® 

42® 

241-242® 

275® 1 

231-232® 

273® 

215.5® 

1 

i 

0 939 (15°) 


The N-methyl-aniliiies are used industrially for obtaining various 
dyestujffs. They are made by heating aniline hydrochloride and 
methyl alcohol to 220 ®, or by passing methyl chloride into boiling 
aniline. 

Methylaniline, C 6 H 5 NHCH 3 , is also produced by reducing 
phenylcarbylamine (p. 90) or formaldehyde-aniline (p. 84) {Frank- 
landf J. liS, 198). The hydrochloride, m.p. 122 ®, is precipitated 
from the etheral solution of the base by dry HC^l (Scholl, Bar. 30, 
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3134). It gives no colour with bleaching powder solution. At 330® 
it is converted into toluidine. Methylphenylnitrosamine, see p. Ill; 
methylacetanilide, see p. 89. 

When oxidised with H2O2 or perraonosulphuric acid, methyl- and ethyl-aniline 
lose their alkyl groups and N-phenylhydroxyiamine, nitrosobenzene, nitrobenzene, 
azoxybenzene, azobenzene, elc.^ are formed {Bamberger. Ber. 35, 703). 

With formaldehyde and HCl, methyl- and ethyl-aniline form PhNMe*CH2Cl 
and PhNEt'CH2Cl. respectively. These can be reduced to dimethyl- and 
methylethylaniline (Goldschmidt, Ch. Ztg. 26, 606; 28, 1229; Lemoult, C.r. 139, 
978). 

DIMETHYLANILINE, C6H5N(CH3)2, m.p. 2^ is also formed on 
heating bromo- or iodobenzcnc with dimethylamine to 250-260^. 
With dry PICl it gives a mono- and a di-hydrochloride, PhNMe2 *HCl 
and PhNMe2-21101, crystalline substances which deliquesce in air, 
and readily lose HCl (Scholl, Ber. 30, 3134). Hydriodide, m.p. 112®. 
For the purification of dirnethylaniline from aniline and methyl- 
aniline with formic acid, see Ritter, Ind. Eng. Chom. 28, 33. Di- 
methylaniline gives no colour with hypochlorites. It combines with 
methyl iodide to form trimcthylphenylaimnonium iodide, PhNMcal. 
With nitrous acid it gives p-nitroso-dijnethylaniline (p. 105), and with 
nitric acid, p-nitrodinicthylaniline. The sam(5 two compounds arc 
formed with nitrosylsulphuric acid (Biehririger, Ber. 49, 1405). 
With acetyl bromide and benzoyl bromide dirnethylaniline yields 
acetyl- and benzoyl-rnonomethyl-aniline and some trimethylphenyl- 
ammoniuin bromide (Stacdel, Ber. 19, 1947). Hydrogen peroxide or 
permonosulphuric acid oxidises it to diinothylaniline oxide (]>. 83). 

Dirnethylaniline can be used in a number of condensation reactions. It com¬ 
bines with cliloral to give a derivative of p-aminomandelic acid, Me2N[4)C6H4[ 1 ] 
CH (OH) *0013; with phosgene to give tetramethyl-diaininobenzophenone, 
(Mc2N[41C6H4[1] ) 2CO; with orthoformic ester and zinc chloride to give hexa- 
methyl-p-leucaniline, CH(C6H4NMc2)3; with benzotrichloride to give malachite 
green (p. 532). 

The homologous mono- and dialkylanilines behave similarly. The following 
may bo mentioned: 

Methylethylaniline, PhNMeEt, b.p. 201°. Its compound with methyl iodide 
is identical with that formed from dirnethylaniline and ethyl iodide {Claus, Ber. 
19, 2785). Aqueous potash removes the heaviest alkyl group from these am¬ 
monium iodides. Alkyl anilines with a ttjrtiary alkyl group liave been prepared 
by Hickinhottom, J. 1933, 946. 

Methyl-allyl-aniline, b.p. 214“216°, is obtained from niethylanilirie and allyl 
bromide. It gives an aniline oxide when oxidised with hydrogen peroxide or per¬ 
monosulphuric acid, Picrate, m.p. 121°. On further treatment with caustic 
soda the oxide, rearranges to N-m^thyl-0-aUyl-N-phenylhydroxyla7ntne, b.p. 
(14-16 mm.) 97° {Meiseiyteimer, Ber. 52, 1667). 

PHENYLALKYLAMMONIUM BASES. Tertiary dialkylanilines, such as 
diethylaniline, combine with alkyl halides to form ammonium compounds. 
The free bases are liberated by the action of moist silver oxide or lime; triethyl- 
phenylammoniiun iodide, PhNEtjI gives the hydroxide PhNEtsOH. By boiling 
with soditim ethoxidc the quaternary salts are smoothly reconverted into tertiary 
amines {VorWnder, Ber. 52, 309). In substituted anilines with substituents in 
the ortho-position to the amino-group the formation of quaternary ammonium 
bases is more difficult or impossible {Fischer, Ber. 33, 345). Similar cases of 
steric hindrance by orlho-8ut}stituents have been mentioned elsewhere (see p. 68). 
A number of phenylalkyl-ammonium bases have been resolved into optical anti- 
mers by fractional ciystallisation of their bromo-camphor sulphonates {Thomas, 
J.^99,280), In solution, especially in solvents containing hydroxyl, thaso optically 
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active nitrogen compounds show a strong tendency to autoracemisation, and 
gradually lose their optical activity. 

piALKYL ANILINE OXIDES. These are obtained by oxidising dialkyl- 
anilines with hydrogen peroxide or permonosulphuric acid {Bamberger^ Her. 39. 
4285; Jones^ Am. 46, 1840). They correspond to trim(3thylamiiie oxide, McgNO 
(Vol. I, p. 205), and to the alkyl-piperidine oxides. Dimethylaniline oxide has 
also been obtained from nitrobenzene by reduction w ith zinc powder and ammo¬ 
nium chloride in the presence of dimethyl sulpliate (Jiamherger^ Bor. 52, 1107). 
With methyl groups in the o-position the formation of dialkylanilino oxides is 
dinTicult. With acids they form salts by addition, such as dimethylphenylhydroxy- 
ammonium chloride (PhNMe-iOH)!'!. They readily lose oxygen and arc there¬ 
fore oxidising agents. When dirnethylanilvie oxide is warmed w ith cone, sulphuric 
acid, o- and p-dimethylamino-phenols are the main products. Nitrous acid and 
sulphur dioxide first form addition products and those immediately rearrange to 
give nuclear substitution products, mz., nitro-dimethylaniline and dimethyl- 
anilino-sulphonic acid (//amfecrf/cr, Ber. 32, 243, 1882; 34, 12; 39, 4285). Some 
bromo- and nitro-dimethylaniline oxides unite with methyl iodide to form organic 
ammonium iodides and periodides {JWown^ Am. 46, 1830;. 

Meisenheimer succeeded in resolving mcthylethylaniline oxide, PhMeEtNO, 
and other amino oxides with three different radicals attached to nitrogen into dex- 
tro- and laevo-rotatory forms, with the aid of bromo-camphorsulphonic acid or 
d-tartaric acid (Ann. 385, 117; 499, 1.S8; Bcr. 41, 3900). The fact that the 
amine oxides as well as their hydrates can be resolved into optical antimers proves 
that in the latter the two hydroxyls are linked in different ways (RiR 2 RaNOH)OH, 
and that in the former there is a coordinate (Sidgwick) or semipolar link bctw'een 
O and N, as is shown by the following formula, in which dots represent electrons: 

R R 

Riii: + O:-► R:N:() 

R ’ R 


Methylethylaniline oxide, PhMcEtls'O, obtained from mcthylethylaniline and 
hydrogen peroxide, forms colourless prisms, and is very hygroscopic. Hydro¬ 
chloride, m.p. 124picrate, m.p. 148®. For its resolution, sec3 above. 

Dimethylaniline oxide, PhNMe20, m.p. 153®, picrate, m.p. 135°, hj'^drochloride 
m.p. 125°. 

ALKYLENE MONO- and DI-ANILINES arc obtained by the action of 
dibromo-paraffins on anilines. The 1,4-dibromides form cyclic alkylene-imines, 
pyrrolidines (Vol. I, p. 386), unless there is a substituent in the ortho-position to 
NH 2 , when steric hindrance com(‘s into play; see above and Scfiolfz, Ber. 32, 848, 
2251. 

N-Phenylethylene-diamine, NH 2 -CH 2 CH 2 -NHPli, b.p. 263°, is obtained 
from potassium phthalimide and ethylene dibromide (Xcwman, Ber. 24, 2191). 
N,N '-Diphenyl-ethylene-diamine, PhNH• CH 2 CH 2 • NHPh, m.p. 65°. N,N'- 

Diphenyl-trimethylene-diamine, PhNH(CH 2 ) 3 *NHPh, b.p. 28f)-285° (16 mm.), 
is obtained, together with N-phenyl-triinethyleneimine, from trimethylene bro¬ 
mide and aniline. 1,4-Pentylene-di-o-toluidine, MeCBH 4 NH* (CH 2 )jCH(Me)- 
NHCeHiMe, b.p. 191-193° (23 mm.). Other cyclic alkylciie-dianilines, such as 
/NPhv /NPK 

(CH,) 2 < >CH 2 , m.p. 124° and (CTl 2 ) 3 <: >CH 2 , m.p. 87°, diphenyl- 

NNPh/ NNPh/ 


hydroglyoxaline and -pyrimidine, have been obtain('d from alkylene-dianilines 
bjr the action of aldehydes {Sch( Hz, lor. at ,; Biachoff^ Ber. 31,3284). Diethylene- 
diphenyldiamin^ diphenyl-piperazine, see piperazines (Vol. IV). 

ALKYLIDENE DIANILINES are n^adily obtained from an aliphatic aldehyde 
(one mol.) and an aniline (2 raols.) in cold aqueous solution. They are hydro¬ 
lysed to their components by mineral acids. Methylene-dianilines, on heating 
with cone. HCl or aniline hydrochlorides, undergo rearrangement to diaminodi- 
phenylmethanes (Meyer, Ber. 33, 256; Braun, Ber. 41, 2145). The simpler 
alkylidene-dianilines readily go over into alkylidene-monoanilines and derivatives 
of these (see below; Eifner Ann. 302, 335; Bischoff, Ber. 36. 41). 

Methylene-dianiline, CH 2 (NHPh) 2 , m.p. 65°, b.p. 160° (12 mm.), on oxida¬ 
tion with permonosulphuric acid gives diphenylhydrojor-formamidine and various 
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degradation products (p. 90 and Ban^erger, Ber. 35, 714). Methylene-^o 
and p,p'-ditolylamine8, m.p. 52° and 89**. Ethylidene-dianiline, CHaCH- 
(NHPh) 2 , m.p. 51°. Tnchloroethylidene-dianiline, CClnCH(NHPh) 2 , m.p. 107°. 

ALKYLIDENE MONO ANILINES are readily formed by the conaensation of 
equimolecular amounts of aliphatic aldehydes and anilines, water being eliminated. 
The simple compounds are usually unstable oils which either polymerise at once 
(as e.g., formaldehyde-aniline) or undergo an aldol condensation. The alkylidene 
anilines react with sulphur dioxide and sodium bisulphite in just the same way as 
aldehydes, although the reaction is not so simple with the derivatives of the 

/NHPh 

higher aldehydes; ethjdideno-aniline gives , the sodium salt 

^SOsH 

of which is also ohiained by the addition of aniline to acetaldehyde sodium bisul¬ 
phite. The simple, as well as the polymeric? alkyiidehe-anilines, readily add on 
hydrocyanic acid, nitriles or o-anilido-carboxylic acids being formed. These can 
also be obtained by the action of potassium cyanide on the bisulphite addition 
product'^, and by the action of aniline^ on aldehj^do cyanhydrins, or by the 
direct action of aniline salts on aldehydes and potassium cyanide (Knoevenagel^ 
Ber. 37, 4073; Bucherer^ Bcr. 39, 986, 2796). The condensation products of aldol 
type, however, do not add on hydrocyanic acid but behave as di-acid disecoiidary 
basses, and add on bromine. They should, therefore, probably be regarded as di- 
anilido-derivatives of olefine glycols, isomeric with aldols, c.g., CHaCHfN'HPh)- 
CH:CH(NHPh) or CH.CH(NHPh)CH 2 (TI(:NPh). These substances readily 
undergo further conden‘Nation to quinoline derivatives, with loss of aniline and 
hydrogen {Miller, Ber. 25, 2020; Kihru r, Ann. 316, 89; 318, 58; Jiucherer, C. 
1902, I. 911). 

An hydroformaldehyde-an nine (CH^NPh),, m.p. 140°, is obtained by mixing 
u(}uoc»us formaldehyde with aniline and cooling. It gives methyhmiline on re- 
duction, and combines with hydrocyanic acid to give anilidf)-acetonitrile. The 
anh^ dioformaldehyde-anilines condense with aromatic amines in presence nf 
< heir hyilrochlorides, to give aminobcnzylanilines: 

PhN.CHj + PhNHa-> PhNH CH2CeH4NH2. 

A condensation product of aniline and forinaldeliyde, probably heterocyclic, 
has been described by Nasjjukov, 

Ethylidene-aniline, CHaCHiNPh, is an oil. It readily adds on hydrocyanic 
acid to give «-anilido-propionitri]e, and condenses to ^-^nilido-hulylidene^milme, 
CH»CH(NHPh)-CHrCHNflPh of which two stereo-isomeric forms are known 
with m.p. 126° and 85°, respectively. The lower melting form can easily be con¬ 
verted into the other. Both give quinaldine when heated with HCl or ac^etic acid. 
With nitrous acid, two dinitroso-compounds are obtained, m.p. 161° and 120° 
(see above); the anilino-group in the terminal position is easily detached, whereas 
the central anilino-group is more firmly bound. Aldol-aniline, CHaC/HCOH)- 
CH 2 CH;NPh, oVitained from aldol and aniline, is a reddish, unstable oil. With 
ammonium sulphide it giviis thioaldol-aniline, Cn 3 -CH(OH)Cll 2 CTi—NPh, m.p. 

92° {Miller Ber. 29, 59). For the higher honu^ogous alklidine- and aldol-ani- 
lines see Kihner, Ber. 33, 3460; Siword't, Ber. 34, 509: Friedjung, Mo. 22, 460. 
For the course of the catalytic hydrogenation of alkylidene-anilines, s(?e Mailhe^ 
Bull. 25, 321. 


S. Polyphertylami ms 

The methods of formation and the reactions of these compounds 
can be illustrated by considering the di- and triphenylamines. 

DIPHENYLAMINE, NH(CeH 6 ) 2 , m.p. 53^, b.p. 310^ 1. This 
compound, which is important in the aniline dye industry, was dis¬ 
covered by A, W, Hofmann in 1864 (Ann. 132, 160). He obtained 
it by heating aniline hlue^ rosaniline^ and similar dyes. 2.' It is 
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manufactured commercially in large quantities by heating aniline 
with aniline hydrochloride at 140°: 

PhNH 2 HCl + PhNH, - NHPh, + NH 4 CI. 

Homologues, such as ditolylaminey have been obtained by a similar 
method. S. Diphenylamine is formed in good yield when aniline 
is heated with bromobenzene in the presence of copper powder or 
cuprous iodide. It is best to start with acetanilide, and to prepare 
first the acetyl compound, from which the free base can be readily 
liberated. 4- Aryl-anthranilic acids lose CO 2 when heated under 
pressure {Ullrrmnn^ Ann. 355, 312). The last two methods arc suit¬ 
able for preparing asymmetrical and substituted diphenylainines 
{Goldberg, Ber. 40, 4541). 

5. Diphenylamine is tormod wlien aniline and pluinol are heated with zinc 
chloride at 260®; and 6. similarly from phaspham, PNjH, by heating with phenol 
at 200-250° (J. pr. 48, 454). 7. It is also formed when bromobenzene and ani¬ 

line are heated with soda-lime at 350-390°. 

Diphenylamine is a crystalline sub^^tance with a pleasant smell. 
It is almost insoluble in water, but dissolvers fr(*ely in alcohol and 
ether. It is a very weak base, and its salts are hydrolysed by water. 
The hydrogen of the Nil group can be replaced by metals, e,g,, in the 
formation of potassium diphenylamine, Ph 2 NK. 


When diphenylamine is oxidised with KMnO^ or PbOa in acetone or benzene 
solution, ietraphenyUhydrazirw, Ph 2 N»NPh 2 (p. 149; Wieland^ Her. 39, 1500) is 
formed. In alkaline solution KM11O4 oxidises it to (hphanyUp-azophmylei^, or 
quinone-dianil PhN-^[ 1 ] 0611414 ]™NPh (Batuirowski, Ber. 20 , II718). Chlorine 
and bromine convert it into tetra- and hcxa-halogen substitution products, and 
nitric acid into the hexaiiitro-compound (p. 104). Diphenylamine dissolves in 
sulphuric acid; traios of nitric acid give an intense blue colour with this solution, 
and this forms the basis of the well-kuown test for nitric acid. The blue substance 
is a holoquinoid oxidation product of N,N'-diphenylbenzidine (p. 498), i.e., a 
diphenoquinone-auil salt (Kehrinann, Ber. 45, 2641; WieUind, Ber. 4^ 3296), 

< C6H4v 
C^Ha^ 


(Vol. IV), the parent substance of the thionvifi dijes^ and with aliphatic acids at 

/C6H4\ 

300° it gives acridines such as N<;\ /CH. Diphenylamine is used in the 
maimfa,<‘ttire of Iriphenyl-romnihne or aidliw him (p. 538). 


Methyl-diphenylamine, MeNHPj, b.p. 292“ {Brtihl, Ann. 235,21; 
Gibson, J. 123, 831). 

Phenyl-p-toluidine, PhNHC«H 4 Me, m.p. 87“, and phenyl- 
TO-xylidine, PhNHC 8 HjMe 2 , m.p. 43are obtained by methods 
3 and Jf. (above). 

Triphenylamine, (CsHs)sN, m.p. 127“, distils without de¬ 
comp. It is obtained by heating dipotassium aniline or sodium 
diphenyl amine with bromobenzene, best in the presence of catalysts 
(Ueydrick, Ber. 18,2156; Ger. Pat. 301,450). The best methods of 
preparation are by heating diphenylamine with phenyl iodide and a 
little copper powder (//uj/er, Org. Synth. 8, 116), or by eliminating 
CO 2 from diphenylanthranilic acid {Goldberg, Ber. 40, 2448; Wieland, 
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Ber, 52| 898). It crystallises from ether in large plates. It dissolves 
in warm sulphuric acid with an intensely blue colour. It cannot 
form salts with acids. On nitration it gives a triiiitro-derivative 
which can be reduced to triamino-triphenylamine (Ileijdrick, Ber. 
19, 759). By the action of carbonyl chloride hexaphenyUrosaniline is 
formed. 

Triphenylamine is capable of giving up an electron to oxidising agents, thus 
becoming a cation, which forms salts such as Ph 3 N'*'C 104 '‘. Compounds of this 
kind will be discussed in connection with free radicals (Vol. IV), 

p-Tritolylamine, (MeCJl 4 ) 3 N, m.p. 117°, is obtained from /;-ditolylamine and 
p-iodotoluene. It forms unstable, dark-blue addition products with Br 2 , PCU, 
SbCl*, eic.j from w’hich water regenerates tritolylainine {Wielnndy Ber. 40, 4263). 

Triphenylmethyl-diphenylaniine, Ph 3 CNPh 2 , is obtained from triphenylmcthyl 
and tetrapheny 1-hydra zinc (‘^diphenyl-nitrogen^') (Vol. IV). It is a colourless 
substance, melting at 172° to a red liquid. It hydrolyses to triphenyl-carbinol 
and diphenylamiiie. Triphenylmethyl-di-p-tolylamine, m.p. 161°. 

Aniline Derivatives of Inorganic Acids 

AROMATIC THIONYLAMINES. These compounds correspond to the alkyl- 
thionylamines (Vol. I, p. 200), and are obtained by the action of thionyl chloride 
on primary bases, a reaction characteristic of the latter {Michaelia^ Ann. 274, 
201; 310, 137). The thionyl-anilines are usually yellow liquids, which boil 

without decomp, even at ordinary pressure, and have a peculiar smell which is 
both aromatic and reminiscent of sulphur chlorides See Gilmarij Am. 48, 2339; 
51, 2252 for their reaction with PhMgBr. Thionyl-aniline, PhN:SO, b.p. 200°, 
di 5 1.236, reacts with PhMgBr to give benzemj-sulphinic anilide (p. 181). Thionyl- 
o-chloroaniline, b.p. 207° (46 mm.); m-compound, b.p. 233°; p-compound, 
m.p. 36°, b.p. 237°. Thionyl-o-bromoaniline, b.p. 210° (46 mm.); 7n-(5ompound 
m.p. 32°; p-compound, m.p. 60°. Thionyl-p-nitraniline, m.p. 32°. 

THIONYL-TOLUIDINES, o-, b.p. 184° (100 mm.); m-, b.p. 220°: p-, m.p. 7°, 
b.p. 224° (M ichaelis, Ann. 274, 201). For the action of thionyl chloride on tertiary 
anilines see MichaeliSy Ann. 310, 137. For di-o-substituted aromatic thionyl¬ 
amines, see Anschutz, Ann. 493 425. 

Phenyl-sulphamic acid, PhNHSOaH, m.p. 77-78° {Wohl, Ber. 43, 3295), is 
obtained: 1 . By the action of sulphur trioxide or chlorosulphonic acid on aniline 
in chloroform solution (Tranbe, Ber. 24, 360), 2. By Jieating aniline with an 

amino-sulphonic acid (Paal, Ber. 27, 1214). 3. By the combination of N- 

phenyl-hydroxylamine with sulphur dioxide. 4, By the iictioii of aqueous sodium 
oisulphite or hydrosulphite on nitrobenzene (Scyeuntz, C.r. 142, 1052; Weil, 
Ber. 55, 732; Ger. Pat. 151,134): 

PhNOa + SNallSOa == PhNliSO.Xj^ + 2 NaHS 04 . 

i 

Sulphonic acids are formed as by-pnxluct'^. Plietyl-sulphamic acid is readily 
decomposed by dilute acids, salts of aniline biiiiig formed, while concentrated 
acids bring about a reaiTangement into o- (or p-) anilinesulphomc acid {Bamberger, 
Ber. 30, 2274). p-Tolyl-sulphamic acid is precipitated from the solution of its 
ammonium salt by acids {Paal, Ber. 28, 3161). p-Chlorophenyl-sulphamic acid, 
C 1 C 6 H 4 'NHS 03 H, rearranges to p-chloroaniline-^^-sulphonic acid when heated 
{Pool, Ber. 34, 2748). For the formation of phenyl-sulphamic acids from anilines 
and sulphur dioxide see Jimghahn C 1898,11,195. Sulphanilide, S02(NHPh)2, 
m.p. 112° (Traiihe, Ber. 24, 362; Wohl, Ber..43, 3295). 

The aromatic nitrosamines and nitramincs will be dealt with later (pp. 110,111). 

PHOSPHOPHENYLAMINES. Phosphazobenzene chloride. (PhN;PCl) 2 , 
m.p. 136-137°, is obtained by the action of PCls on aniline hyarochloride. It 
gives: with phenol, phenoxyphosphazobenzene, (PhN:POPh) 2 , m.p. 189-190°; 
and with aniline, phosphazobenzene anilide, (PhN:P*NHPh )2 {Michaelis, Ber. 
27,490; Ann. 326,147). Anilido-phosphoric dichloride, PhNH • POCI 2 , m.p. 84°, 
is obtained from aniline hydrochloride and POCB. Orthophosphoric anilide, 
(PhNH)aPO, m.p. 208° {Michaelis, Ann. 229, 334), Oxyphosphazobenzene 
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anilide, PhNH*PO:NPh, m.p. 225-226®, is obtained by the action of POCl* 
on anilim?, by treating the phosphoryl chloride dianilide first formed with silver 
oxide. It forms a polymer, m.p. 357® (Caven^ J. 83,1045). Trichloro-phosphanil, 
PhNrPCla is formed from aniline hydrochloride and PCb {Gilpin, Am. Ch. J. 27, 
444; MicJiuehs, Ber. 28, 2212; Ann. 326, 147). 

Thiophosphazobenzene chloride, (PhN:PSCl) 2 , m.p. 149®, b.p. 280-290®, is 
obtained from PSCl* and aniline hydrochloride {Michaelis, Ann. 407, 291). 

Arsenophenjrlamines are obtained by the action of arsenic trichloride or tri- 
bromide on aniline in ether or chloroform. Arsenanilido-dichloride, PhNHAsCb, 
m.p. 87®. Arsenanilido-dibromide, m.p. 112®. Arsendianilido-monochloride, 
(PhNH) 2 AsCl, m.p. 127®. Arsenanilido-dimethyl ether, PhNHAs(OMe) 2 , b.p. 
55® (12 mm.) (Anschutz, Ann, 261, 279). 

Silico-tetraphenylamide, SKNHPh)#, is converted into silico-diphenylimide, 
Si(NPh) 2 , on heating (Reynolds, J, 83, 252). 


Derivatives of Primary and Secondary Amines with Carboxylic Acids 

The methods by which nitrogenous derivatives can be obtained by 
substitution in the carboxyl group, and the classification of such 
derivatives, have been dealt with in connection with the fatty acids, 
taking acetic acid as an example (Vol. I, p. 279). The amides of 
carboxylic acids comprise the first class of these compounds. They 
can be represented by the following two formulae: 

>0 /0~II 

(I) R'CC and (II) R'C< 

\nII2 ^NH 


The imido-ethers are derived from formula II. Many fatty acid 
derivatives of this type have been obtained with aniline and its 
primary homologues. The acid amides of secondary bases can only 
have formula I. In a primary amine both hydrogen atoms can be 
replaced by acid radicals; the introduction of a second acyl-group is 
facilitated by the presence of o-substituents in the aniline nucleus. 
The presence of such groups, however, retards the entry of the first 
acyl-group {Sudhoroagh, Proc. 1901, 45). 

The thio-aniidesy and isothio-amides: 


(I) RC<f and (TI) 
NIL 



are analogous to the acid amides. Amido-chlorides, imido-chlorideSy 
and amidineSy also fall into this class of compounds. 

ANILIDES OF MONOBASIC FATTY ACIDS. The anilides, or 
phenylamides, are obtained by similar methods to those used for the 
simple amides (Vol. I, p. 321): 1. By heating the aniline salts of 
fatty acids. 2. By the action of aniline on esters, or 3. on acid 
chlorides, or 4- acid anhydrides. 5. They are also formed by 
the action of esters on PhNHMgl {Bodroux, C.r. 138,1427). 

The anilides arc very stable, and most of them can be distilled 
without decomposition. They can be directly chlorinated, bromi- 
nated, and nitrated (p. 102). They provide a simple and rapid method 
of characterising the aromatic bases. When warmed with alkalis or 
heated with hydrochloric acid, they are decomposed into their com¬ 
ponents. When boiled with sulphur they give benzthiazoles. 
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Secondary anilides react with nitrous acid in the same way as the secondaiy 
alkyl-anilines (p. 80), idtroao-anilides being formed. The^e give the nitrosamine 
reaction when treated with phenol and sulphuric acid, but are not so stable as 
the nitrosamines of secondary anilines. The nitroso-group is removed by reduc¬ 
ing agents. The hydrogen of the NH group in anilides can bo replaced by halo¬ 
gen by means of sodium hypochlorite or hypobromite, Ph-NCl-COCHa, for ex¬ 
ample, being formed. The^o N-halides readily rearrange to anilines substituted 
in the nucleus, especially under the influence of HCl or in sunlight: thus, PhN- 
CI COCH, -H. CI[ 4 |C 6 H 4 NHC 0 CH, (Chattmvay, Ber. 32, 3573; Proc. 1902, 200; 
Blanksvia, Roc, 21, 366; Or/on ei u/., J. 1927, 986; 1928.998: 1929,2810). 

Formanilide, Ph-NH CHO, m.p. 40®, b.p. 284® (Nef, Ann. 270, 279), is 
obtained by boiling aniline with formic acid, or by heating it rapidly with oxalic 
acid. It is soluble in water, ahiohol, and ether. 

SALTS AND ALKYL DERIVATIVES. Sodium formanilide, PhXtCHOXa, 
is a crystalline precipitate formed by adding sodium hydroxide to an aqueous 
solution of formanilide. With methyl iodide it gives methyl-formanilide, 
yCHO 

PhN^ , m.p. 12.5®, b.p. 253®. When this is warmed with alcoholic potash 
^CHf 

or HCl it is decomposed to methyl-aniline and formic acid {Pi del, Ber. 21 , 1107). 

Silver formanilide, PhN:CH(OAg), is precipitated when silver nitrate is added 
to the alcoholic solution of the sodio-compound. With methyl iodide it gives 
methyl isoformanilide, PhNiCHOMe. b.p. 196®, which is converted on heating 
into the isomeric methyl-formanilide (Comstock, Am. Chem. J. 12 , 493; cf, Ber. 
23, 2274; WisUceniis, Ber. 33, 1470). On the other hand, with acid chlorides, 
such as benzoyl chloride, the silver compound gives N-derivatives {Wheeler, 
Am. Chem. J. 18, 381). Ethyl-isoformanilide, ethosi/melhylene aniline, PhN; 
CHOEt, is also obtained, together with diphenyl-formamidine, by prolonged 
boiling of aniline with orthoformic ester. It boils at 212 ® ( Claisen, Ann. 287,360). 

Acetanilide, antifebrin, PhNHCOCHs, m.p. 114®, b.p. 295°, is 
formed when aniline is boiled with glacial acetic acid {MeyeVy Ber. 
15, 1977; for rate of reaction see MenschutkiUy J. pr. 26, 20S). It is 
also obtained from aniline by the action of acetyl chloride, acetic 
anhydride, or thioacetic acid. The last-named reagcuit has been 
found to be very suitable for the introdiK^tion of acetyl groups into 
anilines {Pawlewski, Ber. 35, 110). Acetanilide is also obtained from 
malonanilic acid by lo.ss of CO 2 . Its formation from the isomeric 
acetophenone oxime by treatment with sulphuric acid at 100° is 
noteworthy (Beckmann transformation; Ber. 20, 2581): 

PhC: (NOH) • CH 3 -► PhNH • COCH,. 

Acetanilide crystallises from water, in which it is sparingly soluble 
in the cold, in small white leaflets. It is used as an antipyretic, and 
in the treatment of rheumatism. For the action of PCL, see 
Wallachy Ann. 184, 86. When heated with sulphur it gives benz- 
thiazole. Bromoacetanilide, m.p. 131®, when fused in air with 
caustic potash, gives indigo, 

SALTS. The hydrochloride is decomposed by water. On heating it gives 
diphenylacetamidine, flavaniline, and aimethyl-quinoline {Noelting, Ber. 18, 
1340), When heated with sodium ethoxide it gives ethyl-aniline and sodium 
acetate (Bavhigny, C.r. 109, 149). 

Sodium acetanilide, PhN:C(ONa)CH 3 , is obtained by the action of sodium on 
acetanilide in xylene solution. It gives monoalkyl-acetanilides with alkyl iodides 
(Hepp, Ber. 10, 328), from which monoalkyl-anilines can be obtained {Paal, Ber. 
23. 2587). These same alkyl-acetanilides are obtained by the action of acetic 
anhydride on the secondary bases. On the other hand when acetanilide is acted 
upon by silver oxide and'methyl iodide, or when it is heated with dimethyl sul- 
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S hate, acetO'phenylimido-methyl ether, b.p. 197® is formed {Lander^ J. 79, 690). 
lercuric acetanilide, (PhNCOCH 8 ) 2 Hg {Picclnini, Gazz. 24, II, 453). 
Methyl-acetanilide, exalgin, m.p. 101®, b.p. 25i^®, is an antineuralgic. Ethyl- 
acetanilide, m.p. 64^, b.p. 268®. n-Propyl-acetanilide, m.p. 47®, b.p. 266® 
(Pictet, Her. 21J108). 

substituted acetanilides, o- and p-Derivatives are obtained when 
acetanilide is acted upon by chlorine, bromine, or nitric acid (p. 101). 

Formyl-acetanilide, PhN(COH)COCn 3 , m.p. 56®, is obtained from mercuri- 
formanilide and acetyl chloride (Wheeler, Am. Chem. J. 18, 659). 

Diacetanilide, PhN(COCHa)2, m.p. 37°, b.p. 142® (11 mm.), is formed when 
acetanilide is heated with acetyl chloride at 170 -180®, or with acetic anhydride 
(Young, J. 1896/7, ISti), or directly irom aniline by the action of an excess of 
acetic anhydride, or by Doiling phenyl mustard oil with acetic anhydride (Bis- 
trzyeki, Ber. 27,91; Clayton, ibid, 28, 1665). Its physiological effects are similar 
to those of acetanilide (Bistrzyeki, Bor. 31, 2788). Diacetanilide isomerises to 
p-acetaminoacetophenone, (CH 3 CO) 2 NPh CH 8 COXHC 6 H 4 COCH» (Chatta- 
way, Proc. 1902, 173; 1903, 124). 

Tho accityl-compounds crystallise readily, and are useful for charac¬ 
terising many primary and secondary aromatic bases. Their melting 
points have therefore been given together with those of the bases on 
pp. 78 and 79. 


THIOANILIDES ar(‘ obtained by the action of P 2 S 6 on anilides, by the action of 
H 2 S on amidines and isonitriles, and by the action of magnesium alkyl iodides on 
phenyl mu'^turd oil. Thioformanilide, PhNHCSH, melts at 137® with decomposi¬ 
tion into Tl-iS and phenyl i'-ocyanide (Hofmann, Ber. 11, 338; Bernihi<tn, Ann. 
192, 45). For homologous thioformanilides see Senier, Bor. 18, 2292. 
Thioacetanilide, m.p. 75®, is oxidised by potassium torn cyanide to methyl- 

benzthiazole, C 6 H 4 <(^ ; ihioanilides of hoinoiogoii.'' fatty acids are also 

N-Methylthioacetanilide, m.p. 59®, b.p. 290®. 

b.p. 245®, and ethyl-isothioacetani- 


known (Sachs, Ber. 36, 587). 


Methyl-isothioacetanilide, PhN 


N:C< 


lide, b.p, 250®, are obtained by the action of sodium ethoxide and methyl or 
ethyl iodide on thioacetanilide (</. phonyl-isothio-urethanes and phenjd-isothio- 
ureas, p. 95). Wh(;n they are shaken with HCl they dcM'ompose, giving aniline 
hydrochloride and ethyl thioncotale (Vol. I, p. 320) (Wallach, Ber. 12, i061). 

PHENYLATED AMIDINES of formic and acetic ACIDS. In addi¬ 
tion to the general methods of preparation of the amidines given in Vol. I, the 
phenylated amidines are obtained by the action of PC3j or HCl on a mixture of 
aniline and an anilide, water being eliminated (Wallach, Ber. 15, 208: Tobias, 
Ber. 15, 2449): 

CJhNEIv 

CeHsNBCOCll, 4- C^n^mh = >C CH, + 1120. 


They are w’-eak bases which combine with one equivalent of HCi to form salts. 
When boiled with alcohol they decompose into aniline and anilides. 

Diphenyl-formamldine, PhN;CH*NHPh, m.p. 135®, has also bc?eri obtained 
by heating aniline with chloroform, or formic acid at 180®, by the action of aniline 
on hydrogen cyanide sesquihydrochloride, (HCN)2(HC1)» (Dains, Ber. 35, 
2498), and by boiling phenyl isocyanide, rhCN, with aniline. It crystallises 
from alcohol in long needles and distils at about 2^®, with partial decomposition 
into benzonitrile and aniline. 

The diaryl-formamidines are more reactive than those of higher carboxylic 
acids. Diphcnyl-formamidine, for example, reacts with the CH 2 -group of malonic 
ester, aceto-acetic ester, and similar substances, wdth the formation of aniline 
and anilino-methylene derivatives, such as anilino^methylene-nialonic esler^ 
PhNHCH:C(C02ll)f, anmno-^rnHhykne-ncefoarefic ester, PhNHCH:C(COCH,)- 
CO 2 R, etc. (IHams, Ber. 35, 2505).’ 
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Diphenvl-hydroj^-formamidine, PhN:CH•N(OH)Ph H 2 O, m.p. anhydrous, 
131®, is obtained from methyl-isoformanilide (p. 88 ) by the action of N^henyl- 
hydroxylaxnine, and from methyleiie-di-phenylhydroxylamine, CH 2 (N(OH)Ph) 2 , 
by elimination of water, by the action of anhydrous copper sulphate. In the 
presence of acetic anhydride it isomerises to 6 * 2 /m-dipheiiyl-urea, PhNH-CO*- 
NHPh (Ley, Ber. 35, 1451; Bamberger^ Ber. 35, 1874). 

Diphenyl>acetamidine, PhN:C(NHPh)‘CHs, m.p. 131°, is obtained by the 
action of MeM^I on diplienyl-carbodiimide (p. 99). Phenyl-acetamidine, 
PhN:C(NH 2 )-CIL, is a liquid obtained from acetonitrile and aniline hydro¬ 
chloride {BernthseUf Ann. 184, 362; 192, 25) (Vol. I, p. 327). Phenyl-isuretine, 
PhNH-CH:NOH, m.p. 138° (decomp.) is obtained from formyl-chloridoxime 
(Vol, I, p. 289) by the action of aniline (A"e/, Ann. 280, 291). 

ARYL ISOCYANIDES. Phenyl isocyanide, phenyl isonitrile, phenyl carbyl- 
amine, PhN->C, boils at 166° under atmospheric pressuie with rapid polymerisa¬ 
tion, but at 20 mm. pressure it boils unchanged at 64°. The liquid, di6 0.977, is 
first colourless, but soon turns blue, then dark-blue, and resinifies. It is obtained 
from aniline and cliloroform by the af;tif)n of alcoholic potash, and by heating 
thioformanilide (p. 89). Phenyl carbylamine has an intolerable and persistent 
odour, a bittcT taste, and causes headache and flow of saliva. It reacts as follows: 
i. At 220° it isomerises to henzonUrile^ PhCN. Nascent hydrogen reduces it 
to N■‘methyl-aniline. 3. With IICl in dry ether it gives phenyl-irnido-formyl- 
chloride. 4* With acetic acid it gives forniamlide. 5. With H 2 S at 100° it 

gives thioformanilide, PhNH • CHS (but acetanilide with thioa(‘etic acid, Pavlevski, 
Ber. 32, 1425). 6. With sulphur at 130° it gives phcnijl mustard oil, PhNCS. 

7. With aniline at 170° it givcKS diphenyl-formamidine, PhN:CH*NHPh. 8. 
With chlorine it gives phenylimido-carbonyl chloride, PhN’.CCh (p. 98). 9. 

With carbonyl chloride it gives PhN:CCl*CO*CCl: NPh. 10, With acetyl 
chloride it gives pyruvic anilide chloride {Nef, Ann. 270, 174). //. With N3H 

it gives N-phenyL-ietrazole or N-phenyl-pyrro-a,^,^*-triazole (Gibson, J. 117, 
819). o-Tolyl isocyanide, b.p. 75° (16 mm.), d 24 0.968.* p-Tolyl isocyanide, 
m.p. 91.6°, b.p. (32 mm.) 99° (Smith, Am. Chem. J. 16, 372). m- and p- 
Phenylene di-isocyanides rearrange to isophthalic nitrile and terephthalic nitrile 
on heating (KauHer, Mo. 22, 1073). 

PHENYLAMINO DERIVATIVES OF CARBOXYLIC ACIDS. These com¬ 
pounds are capable of some condensation reactions in which the hydrogen of the 
ring in the ortho-position to nitrogen often participates, heterocyclic compounds 
being formed. The acid.s are obtained by heating halogeno-fatty acids with ani¬ 
lines (Bischoff, Ber. 30, 2303, 2464, 3169; 31, 2678), and their nitriles are pro¬ 
duced 1. by adding HCN to alkylidcne anilines; 2, from the bisulphite addition 
compounds of the latter (p. 83) by the action of KCN (Knovenagel, Ber. 37, 
4073); 3, by heating aldehyde or ketone cyanohydrins with aniline; 4* by the 
direct action of aniline salts on aldehydes or ketones and KCN (Bucherer, Ber. 
39, 986, 2796). 

Anilido-acetlc acid, phenyl-gly cocoll, phenyl-glycine, PhNHCH2C02lI, m.p, 
127°, is obtained by heating chloro- or bromo-acetic acid with aniline and water 
(Schwebel, Ber. 18, 2046; Rebuffat, Gazz. 17, 231; U. S. Pat. 1,442,743). Its 
alkyl esters are obtained by heating an aqueous suspension of aniline with ethyl 
chloracetate or dichloro-vinyl ether (Ger. Pats. 194,884 and 199,624) or by the 
action of diazo-acetic ester (Vol, I, p. 458) on aniline. Its nitrile, m.p. 43°, is 
obtained: 1, from anhydro-formaldehyde-aniline by the action of anhydrous 
hydrogen cyanide; 2. from the bisulphite compound of the former with KCN; 
3, from formaldehyde-cyanohydrin by the action of aniline; 4- from aniline hydro¬ 
chloride, formaldehyde, and KCN (Ger. Pats. 132,621, 138,098 and 151,538). 
NjOs converts it quantitatively into p-nitroso-phenylgiycine, a brown powder, 
which explodes on heating (Ilouhen, Ber. 46, 3984). When the free acid is heatea 
to 150°, diphenyl-glycine anhydride, or diphenyl-diketo-piperazine. 



m.p. 263°, is formed (Bischoff, Ber. 25, 2270). Phenylglycine is a very important 
substance in industry because, on fusion with caustic potash, or better with 
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/C(OII)s 

sodamide, it forms indoxyl, which is readily oxidised in air 

\NH-^ 

to indigo. It is also used avS a photographic developer. When calcium anilido- 
acetate is distilled with calcium formate, indole (Vol. IV), is formed: 

C,H4 < %ch. 

\nh/ 

Besides phenylglycinc, aniline and chloracctic acid form anilino-diacetic acid, 
PhN(CH2C02H)2, m.p. 150-155°. On oxidation with KMn 04 this gives formyl- 
phenylglycine, PhN(CH0)CH2C02H, m.p. 125°, which, however, is better pre¬ 
pared from phenylglycinc by heating with formic acid {Vorldnder, Ber. 34, 1647). 
Anilino-diacetic anhydride PhN(CH2CO)20, m.p. 148°; imide, PhN{CH 2 CO) 2 - 
NH, m.p. 158° {Blschoff, ller. 22, 1809; 25. 2272; Hausdorfer, Ber. 22, 1802); 
phenylimide, PhN(CH 2 CO)NPh, m.p. 152°. Diglycol-anilic acid, 
vCILCONHPh 

0<^ m.p. 118°, is prepared from diglycollic anhydride and aniline; 

\CH 2 CO 2 n 

with acetyl chloride it gives diglycollic phenylimide, 0 (CH 2 C 0 ) 2 NPh, m.p. 116°, 
Thiodiglycol-anilic acid and -anilide have also been prepared {Anschutz, Ann. 
273,66, 70). 

N-Methyl-phenylglycine, PhN(Me)CH 2 *00211, is obtained by heating methyl- 
aniline wdth chloroacetic acid. The nitrile, b.p. 266° is formed by the action of 
methylaniline on formaldehyde-cyanohydrin. Amide, m.p. 163° {Warunis, 
Ber. 37, 2636). 

Dimethyl-phenyl-betain, PhN+(Me )2 CH2C02" 4- H 2 O, m.p. 124°, is ob¬ 
tained by the action of chloroacetic acid on dimethylaniline. When heated it iso- 
merises to methyl methyl-phenyl-gly cocollate, b.p. (10 mm.) 141° {Willstditer, 
Ber. 37, 415). o-Nitro-phenyl-glycine, N02f21 Cdiil 11NHCH 2 CO 2 H, m.p. 193°; 
cf. quiltoxahnes, Vol. IV. 

' o!-Anilido propionic acid, N-phcnyUalanine, PhNHCH(Me)C02H, m.p. 162°, 
is obtained from its nitrile, the product of interaction of acetaldehyde cyano¬ 
hydrin with aniline, or of ethylidene-aniline udth HCN {Tiemann, Ber. IS, 
2036; Nastvogel, Ber. 23, 2010; Miller, Ber. 25, 2032). a-Anilido-isobutyric 
acid, PhNHC(Me2)C02H, m.p. 185°; nitrile, m.p. 94° (Bucherer, Ber. 39, 989) 
/j-Anilido-propionic ester, b.p. (18 mm.) 175° is obtained from |3-iodo-propionic 
ester {Harries, Ber. 29, 514). ^-AnilidO'-faliy acids are also obtained by com¬ 
bining aniline with olefimc-carboxylic acids {Authenneth, Ber. 36, 1262). 

Dianilido-acetic acid, (PhNH)2CHC02H, m.p. 88-93°, is obtained by the 
action of aniline on diacetyl-glyoxylic acid. It readily loses one mol. of aniline to 
form the anil of glyoxylic acid. Warmed with aniline and aniline hydrochloride 
it isomenses to p,p-diamino-diphenyl-acetic acid (p. 556) {Ostromisslensky, Ber. 
41, 3031; Heller, Md. 4264). 

ANILINE DERIVATIVES OF KETOCARBOXYLIC ACIDS. Pyruvic anilide, 
CHaCOCO NHPh, m.p. 104°. Pyruvic anilide chloride, CILCOCCI.NPh, 
b.p. (13 mm.) 136°, is obtained from phenyl isocyanide (p. 90) by the action of 

✓CHj 

acetyl chloride {Nef, Ann. 270, 299). The anil of pyruvic acid, PhN:C<f , 

^C02H 

m.p. 122° (decomp.) is obtained from aniline and p 3 ^ruvic acid in ether, and 
readily goes over into the anil of uvitonic acid, a quinoline derivative {Bdttinger, 
Ann. 263, 126). 

Aceto-acetic anilide, CH 8 *CO*CH 2 *CONHPli, m.p, 85°, is obtained from 
acetoacetic ester and aniline at 130°. It is converted oy concentrated sulphuric 
acid into 7 -methylcarbostyril (Vol. IV). At ordinary temperature aniline and 
acetoacetic ester unite to form a compomid which may be fi-phenyl-imino^hutyric 
/CHaCOaEt , .CHCOiEt 

ester, PhN: Cc • or 'fi-anilido-crotonic ester, PhNHC^ , 

\CHs N:H, 

b.p. (16 mm.) 163°. It combines additively with HCN {Schroeier, Ber. 35. 
2078), and is decomposed into its components by acids or alkalis. When heated 
at ordinary pressure it condenses to y^hydroxy^inaldine and phenyUlutidone^ 
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carboxylic acid (Vol. IV). Tolyl-amino compounds behave similarly {Conrad^ 
Ber. 20 , 947; 21 , 523 ; 22 , 83; Kiwrr, Ber. 20 , 1398). 

ANILINE DERIVATIVES OF CARBONIC ACID. The numer¬ 
ous compounds belonging to this class are treated in the sarne 
sequence as the amino and alkylamino derivatives of carbonic acid 
in Vol. I (p. 490). 

Carbanilic acid, phenyl-carharnic acid^ is unknown in the free state. Its salts 
are obtained by the action of very dilute aqueous caustic alkalis and alkaline 
earths on phenyl isocyanate (p. 97). On acidification, or even with carbon 
dioxide, the salts immcniiately break up into carbon dioxide and aniline (Mohr, 
J. pr. 73, 177). The esters are known as phenyl-urethanes, and are frequently 
used for characterising alcohols and phenols. They are obtained: 1. from aniline 
and chloro-carbonic esters; from phenyl isocyanate by the action of alcohols 
(Hofmann, 1870); S, from phenyl-carbamyl chloride and alcohols; from 
benzoyl azides and alcohols (Vol. I, p. 492). The methyl ester, PhNHC 02 Me, 
m.p, 47® forms amino-sulpho-bcnzoic ester with sulphuric acid. Ethyl ester, 
m.p. 62® (Struve, J. pr. 52, 227; Hofmann, Ber. 3, 654; Hentschel, Ber. 18, 
654,980; LeWniawn, Ber. 24, 2108). 

CARBAMYL CHLORIDES are obtained from secondary aromatic bases by the 
action of carbonyl chloride in benzene solution, in the presence of pyridine 
(Meyer, J. pr. 53, 369). Phenyl-carbamyl chloride, PhNH-COCl, m.p. 59®, 
and bromide, m.g^ 67® (Lengfeld, Am. Chem. J. 17, 98). Methyl-phenyl-car- 

bamyl chloride, ^N*COCl, m.p. 88 ®, b.p. 280®. Diphenyl-carbamyl chlo- 
Plr 

ride, PhjN-COCl, m.p. 85®. With benzene and aluminum chloride these com¬ 
pounds form benzoic amides (c/, the synthesis of aromatic carboxylic acids). 
With sodium in ether di-p-tolyl-urea chloride, m.p. 102®, gives a tetra-substituted 
oxamide (p. 100) (Lellmann, Ber. 20 , 2118; 24, 2108; Kym, Ber. 23, 424; 
Hammerick, Ber. 25, 1819, 1825). 

PHENYLATED UREAS, PHENYLCARBAMIDES. Phenyl-urea, phenyl- 
carbamide, NH 2 CONHPh, m.p. 144®, is obtained: 1 . from cyanic acid and aniline 
by evaporating a mixed solution of aniline hydrochloride and potassium iso¬ 
cyanate (Weith, Ber. 9, 820); 2. by the action of ammonia on phenylisocyanate 
(p. 97). By the action of dilute hyi>ochlorous acid one H atom in the NHf 
group is replaced by Cl; the resulting compound is reduced by hydrochloric acid 
to phenylurea, and under certain conditions the Cl atom enters the nucleus in the 
para-position, and p-chlorophenyl-urea is formed (EUintt, J, 123, 804). 

8^m-Alkyl-phenyl-ureas are obtained by the action of aniline on isocyanic 
eaters, or by the action of phenyl isocyanate (p. 97) on alkylarnines. eym- 
Ethyl-phenyl-urea, EtNHCONHPh, m.p. 99°. 

os-Aikyl-phenyl-ureas are obtained by the action of potassium isocyanate on 
the hydrochlorides of alkyl-anilines. a.s-Ethyl-phenyl-urea, m.p. 62®. 

s^^-Diphenyl-urea, carbanilide, CO(NHPh) 2 , m.p. 235®, b.p. 260® is obtained: 
/. by the action of carbonyl chloride on aniline (Hentschel, Ber. 16, 2301); 2, 
by the action of phenyl isocyanate on aniline (A. W, Hofmann,, Ann. 74, 16); 
3. from « 2 ^t-diphenyl-thiourea by the action of HgO or alcoholic potash (A, W, 
Hofmann, Ann. 70, 148); 4- by heating aniline and urea to 170°, or from 2 mols. 
aniline and 1 mol. urea in acetic acid (Sonn, Ber. 47,2437); 5. from monophenyl- 
urea and aniline at 190® (Weith, Ber. 9, 820); 6, from diphenyl carbonate and 
aniline at 170® (Eckenrodt, Ber. 18, 516); 7. by hf?ating oxanilide with HgO 
(Taussig, Mo. 25. 375); 8 . by the action of water on phenyl isocyanate. Car¬ 
banilide forms silky ne^les freely soluble in alcohol and ether, but sparingly 
soluble in water. 

<M-Diphenyl-urea, NH 2 CONPh 2 , m.p. 189®, decomposes slowly when heated 
giving diphenylamine and cyanic acid. It is obtained from diphenyl-carbamyl 
chloride and alcoholic ammonia at 100 ®. 

Triphenyl-urea, PhNH«CO*NPh 2 , m.p. 132®, and tetraphenyl-urea, Ph 2 N'- 
CO*NPh 2 , m.p. 183®, have also been obtained from diphenyl-carbamyl cliloride 
(Steindorff, Ber. 37, 963). ' 
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CYCLIC ALKYLENE-PHEWYL-UREA DERIVATIVES (c/. Vol. I, p. 497): 
Ethylene-phenyl-urea, see Neimnan, Ber. 24, 2192. Trimethylene-phenyl-urea 

/N(Ph)—CHa 

{Goldenring, Ber. 23, 1173). Ethylene-carbanilide, CO^ I , m.p. 

\N(Ph)—CHa 

183®. Trimethylene-carbanilide, m.p. 153® (Ilanssen, Ber. 20, 783). 

UREIDES OF PHENYLATED UREAS of moiiocarboxylic acids. Acetyl- 
phenyl-urea. CH 3 CONH -CO-NUPh, m.p. 183®. is obtained from phenyl-urea by 
the action 01 acetic anhydride^ or acet\d chloride (M*Greath, Ber. 8, 1181), or from 
phenyl isocyanate by the action of aeeto-chloramide {Stiegliiz^ Am. Chem. J. 
30, 412). Acetyl-carbanilide, PhNH CO*N(CXXTi 3 )-Ph, m.p. 115® {Kuhn, 
Ber. 17, 2882). 

UREIDES DERIVED FROM HYDROXY-ACIDS. N-Phcnyl-hydantoin, 
m.p. 194®, is obtained from phonyi-glyeine and urea at 160®, or from chloro- 
acetyl-urethane and aniline (Fierich.^ Arch. Phiirm. 237, 331; for homologues see 

NHCONII 

Frerichs, ibid. 2A3^ . Phenyl-ethyl-hydantoin, | | , m.p. 199®, is 

CO - CEtPh 

obtained from phenyletljjyl ketone and ammonium cyanidi^, and subsequent treat¬ 
ment with potassium cyanate and hydrolysis. It is used as a soporific under 
the name of nirvanol (Read, Am. 44, 1746). It has been resolved into its 
enantiomorphs, m.p. 237®, la]n -f-122® and —123® (Sobotka. Am. 54, 4697). 
Diphenyl-hydantoin, m.p. 139® (Risekoff^ Ber. 25, 2274). 

PHENYLATED DERIVATIVES OF ISO-UREA are obtained from phenylated 
cyanamides (p. 99) by the acjtion of alcohols and HO, in the same way as iraido- 
ethers are obtained from nitriles: 

Methyl-phenyl-isourea PluNTHCCOCHs):NH, see MarKee, Am. Chom. J. 
26,209. 

Ethyl-phenyl-isourea PhNHCCOCyia):NH, b.p. 138° (19 mm.), Stieglitz, 
Ber 32 1494. 

Ethyl-phenyl-methyl-isourea PhNCHa^CCOCoH,) :NH, b.p. 137® (21 mm.), 
Stieglitz, Ber. 33, 807. 

E^yl-diphenyl-isourea PhN:C(OC 2 H‘j)NHPh, b.p. 200® (20 mm.), oily. 
Methyl-ditolyl-isourea, m.p. 48®; b.p. 190° (11 mm.). The last two sub¬ 
stances are obtained from diarvl-carbodiirnide^ (p. 99) by the action of alcohol 
at 180-190®, or, better, by the action of sodium alkylates. They give addition 
products with HCl. They are readily decompo^ed by acids, but are quite stable 
towards alkalis and amines. 

.NCelL 

Triphenylchlorocarbamidine, C\C^ , m.p. 92®, is obtained by the 

action of PCU on triphenylurea. With sodium ethylate it gives ethyl-triphenyl- 
isourea, PhNiCXOCilWNPhi, m p. 49® (Steindoflf, 37, 964). 

Phenylated ureas of carbonic acid. Ethyl phenyl-allophanate, PhNH-CO*- 
XHCO 2 C 2 H 6 , m.p. 120® (Sfoje7ttin, J, pr. [2] 32, 18). Diphenyl-allophanic acid 
{Hofmann, Her. 4, 216). -Phenyl-biuret, PliXi/CONHifa, m.p. 192®, is 
obtained by the action of PGl.i on phenyl-urea. u,s-Phenyl-biuret, PhNH*- 
CO NH CbNH 2 , m.p. 167°. Diphenyl-biuret, PhNH COXH CO NHPh, 
m.p. 210®, is obtained by heating phenyl-urea with an excess of COCI 2 . Tri- 
phenyl-biuret, m.p. 147° (Hofmann, Ber. 4, 250; ScJuJf, Ann. 352,73), 
PHENYLATED HYDROXYLAMINE AND HYDRAZINE DERIVATIVES 
OF UREA. aa-Phenyl-hydroxylurea, PhNH CO NHOH m.p. 140® (decomp.), 
is obtained by the action of hydroxylamine hydrochloricle on phenylisocyaiiate 
( Kali, Ann. 263,264). Phenyl-semicarbazide, pht nylcarbamir hydrozide, PhN H * - 
CO-NH-NH 2 , m.p. 120®, isomeric with carbamic phenylhydrazide (p. 158), 
is obtained: 1. From its acetyl derivative, m.p, 169®, which is formed on boiling 
benzazide with acetohydrazide in acetone, nitrogen being evolved: 

PhCON, -f NHjNH COCH, = PhNII CO NHNH COCH, + N,. 

By the decomposition of acetone-nhenylsemicarbazone, (CHj) 2 C: NNH • CO • - 
NHPh. which is easily obtained by heating aniline with acetone-semicarbazonc 
(Borache, Ber. 38, 831). 3. From phenyl-urea by the action of hydrazine 
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hydrate, Hydrazo^dicarboxylic anilide, PhNH*CO-NHNH-CONHPb, ra.p. 
245®, obtained by heating phenylscmicarbazide. is oxidised by nitric acid to 
azoJicarboxulicanilide, PhNHCO-NiN CONHPh, m.p. 183®. Phenyl-carb^ic 
azide, PhNH-CONs, m.p. 104®, unlike other carboxylic azides, is decomposed by 
water or alcohol into NHs and carbamic acid or its esters {Curtins, J. pr. [2], 58, 
206). 

PHENYLATED DERIVATIVES OF THIOCARBAMIC ACIDS AND THIO¬ 
UREA. Phenyl-carbamic thiomethyl ester, PhNii-COSCHa, m.p. 83®, and the 
ethyl ester, m.p. 74®, are obtained from diphcnyl-amicline thioalkyls by the 
action of dilute sulphuric acid at 180®. {Will, Ber. 15, 339). 

Phenyl-thiourethane, xanihogen amlide^ ethyl thiocarbanilale, PhNHCS *002116, 
or PhN:C(SH)()C 2 H 6 , m.p. 71®, is obtained from phenyl mustard oil by the 
action of alcohol at 120®, or by the action of alcoholic potash. It reacts with 
primary and secondary bases to form phenyl thioureas. On distillation it de- 
compos(*s into x)henyl mustard oil and alcohol {Bamberger, Ber. 15, 2164). Alka¬ 
line potassium ferricyanide oxidises it to ethoxy-phenyl mustard oil or ethoxy- 
benzthiazole (Vol. iV). Like the phenyl thioureas, it dissolves in alkalis and 
forms metallic compounds with silver, mercury, and load. 


Phenyl-imido-thiocarboxylic acid, PhN: 



, is not known, but its ethers 


are formed by the action of alkyl iodides on the phenyl-thiourethanes or their 
metallic compounds. The thioacetanilides (p. 89) and phenyl-thioureas (see 


/OEt 

below) react similarly. Ethyl-methyl ester, PhN :C^ , b.p. 260® (decomp.); 

^SMe 


diethyl ester, m.p. 30° (Liebermann, Ann. 207, 148). 

PHENYL-DITHIO-CARBAMIC ACID DERIVATIVES. The free acid when 
liberated from its potassium salt, decomposes into aniline and CS 2 . Its potassium 
salt, PhNH-CSSK,i.s formed when potassium .xanthogenate is boiled with aniline. 
It forms golden-yellow crystals {Losanitsch, Ber. 24, 3024). The ammonium salt, 
PhNH-CSSNIl4, is obtained from aniline, (/S 2 , and atiueous ammonia {Hdler, J. 
pr. 65, 369). For other aryl-thiocarbamates see Losanitsch, Bor. 40, 2970. 

Methyl-phenyl-dithiocarbamate, rn.p. 87®, and phenyl-dithiourethane, rn.p. 60®, 
are formed from phenyl mustard oil and mercaptans on heating. They decom¬ 
pose into these substances again on heating to a higher temperature. They dis- 

C2H6V 

solve in alkalis. Ethyl-phenyl-dithiourethane, '>NCSSC 2 IIb, m.p. 68®, 

b.p. 310®, is obtained by heating diethyldiphcnyl isothiourea with carbon disul¬ 
phide to 160®. It is a very stable substance, insoluble in alkalis, and its 
sulphur is not removed by mercuric, oxide or an alkaline lead solution. The 
phenyl-dithiouretbanes, like phenylj^thiourethane and diphenyl-thiourea, give 
addition products when heated with methyl iodide {Bernthsen, Ber. 15, 568: 
Will, Ber. 15, 1308). 

Sulphanhydride of phenylthiocarbamic acid, S(CSNHPh) 2 , m.p. 137® {Losan¬ 
itsch, Ber. 24, 3023). 

Methyl-phenyl-tMocarbamyl chloride, m.p. 35®, is obtained from methyl- 
aniline and thiophosgene {Billeter, Ber. 20, 1631). 

PHENYL-THIOUREAS, Phenyl-thiourea, NHaCSNHI’h, m.p. 154®, is ob¬ 
tained by the action of ammonia on phenyl mustard oil, or by the action of lead 
carbonate on ammonium phenyl-dithiocarbarnate {Heller, J. pr. 65, 369). On 
heating with silver nitrate it is converted into phenyl-urea (p. 92), and with 
mercuric oxide it gives phenyl-cyan amide. With bromine in chloroform solution 
phenyl-thiourea reacts m the pseudo-form and gives the bromide of a disulphide 
PhN:C(NH 2 )SSC(NH 2 ):NPh, m.p. 128® {Hugershoff, Ber. 34, 3130). With 
methyl iodide it gives the hydriodide of N-phenyl-methyl-isothiourea 95). 

With acetic anhydride, the unstable os-phenyl-acetyl-thiourea, PhN(C;OMe)- 
CSNHj, m.p. 145®, is first formed, and then isomerises on heating above the m.p. 
into the symmetrical form, Ph*NH*CSNH*COCHs, m.p. 171^ {Wheeler, Am. 
Chem. J. 27, 257, 270j Dixon and Taylor, J. 93, 18). These reactions apply in 
general to aromatic thioureas. 

spm-Diphenyl-thiourea, tkiocarbanilide, CS(NHPh) 2 , m.p. 151®, forms colour- 



PHENYLATED ISO.{PSEUDO-)THIOUREA DERIVATIVES 95 


less, glistening flakes, readily soluble in alcohol (Losaniisch, Ber. IP, 1821)» It 
is obtained: 7. from phenyl isothiocyanate and aniline in alcoholic solution; S. 
by boiling aniline with C 82 , when H 2 S is eliminated; the formation of the com¬ 
pound is greatly facilitated by the addition of sulphur or H 2 O 2 {Braun, Ber. 39. 
4369; but cf. Snedker, Chem. and Ind. 44, 74); 3. by heating phenyl mustard oil 
with thiourea {Pieroni, Gazz. 42, II, 183). 

Reactions of thiocarbanilide are known in great number: /. iodine converts it 
into phenyl isothiocyaiiate (p. 98) and a-triphenyl-guanidine (p. 96); 2. it is 
decomposed into phenyl mustard oil and aniline by boiling cone. HCl. If mixed 
S 2 /m-thiocarbaiiiIides, such as PhNH*CSNH*C«H 4 C 2 Hi, are subjected to this 
treatment they give two dilT( 3 rent mustard oils and two different bases {Maimer, 
Ber. 16, 2016). 3. When treated with HgO carbanilide is formed. 4 . In ben¬ 
zene solution with HgO it gives carbodipheriyl-imide (p. 99). -i. It gives di- 

phenyl-guanidine with NHaand PbO; triphenyl-guanidine with aniline; oximido- 
diphenyl-urea, (PhNII) 2 C:NOH. with hydroxylamine; and amino-diphenyl- 
guanidine (p. 97) with hydrazine hydrate in the presence of alkali, etc. Phenyl- 
and s^m-diphenyl-thioureas dissolved in alkalis; in the salts the metal is attached 
to sulphur {cf. thioaectanilide, p. 89). 

For alkyl-phenyl-thiourcas, see Gehhardt, Ber. 17, 2088; 23, 815; 26, 1636. 
as-Diphenyl-thiourea, m.p. 198®, is obtained from diphenylaminc thiocyanate 
(Werner, Proc. 1892, 95). Triphenyl-thiourea, m.p. 152® {Gcbhardt, Ber. 17, 
2092). Tetraphenyl-thiourea, Ph 2 N CS- NPh 2 , m.p. 195®, is obtained by heating 
triphcnyl-guanidine w ith C 82 (BcDdhseri, Ber. 15, 1530). 

PHENYL-THIOHYDANTOmS. While the product formerly Ixiievetl to be 
thio-hydant<jin has been shown to be isothioliydantoin, aromatic phenyl-thio- 
hydantoins are known {Marck wald. Her. 24, 3278): Phenyl-a-methyl-thiohydan- 
.NPh-CO yXPh—CO 

toin, vSeX 1 or HSCX I ,m.p. 184®, is obtained by fusing 

\NH - CHMe -CHMe 

phenyl mustard oil w’ith alanine. 

PHENYLATED ISO-(PSEUDO-)THIOUREA DERIVATIVES. Thiophenols 
(p. 213) will unite directly with cyanamide and its derivatives to produce thio¬ 
ureas with phenyl groups attached to sulphur: Ar-SII -f CN-Nri 2 =» Ar»S-C- 
(NH)(Nll 2 ). Phenyl-isothiourea, m.p. 90-97®, p-tolyl-isothiourea, m.p. 110® 
(decorap.); nitrate, m.p. 173®. The .salt formed by 3 mols. of the base 4- 1 mol. 
HNOj 4 - 1 mol. lljSO^, m.p. 253®, is very sparingly soluble in water and serves 
for the quantitative determination of HNO 3 [Arndt, Ann. 384, 322). N-Phenyl- 
thioureas and thiourea itself can be alkylat^ at the S atom by means of alkyl 
halides {Bertram, Ber. 25, 48). ^ 

PhNHx 

N-Phenylinethyl-isothiourea, ^CSMe, m.p. 71®, and 5 ?/m-diphenyl- 

NH 

PhNIL 

methyl-isothiourea, ^ CSMe, m.p. 110 ®, botli give thiomethvl phenvl- 

PhN 

carbamate on heating with dilute sulphuric acid (p. 93) w’^hich proves that the 
methyl group is attached to sulphur. With alcoholic ammonia at 120 ® phenyl- 
guanidine (see below) and methyl meicaptan are formed. When heated with 
CS 2 the diphenyl compound give.s phenyl mustard oil and methyl phenyl-dithio- 
carbamatc (p. 94) {Will, Jler. 15, 343). The monophenyl compound reacts 
with acetyl chloride similarly to phenyl-thiourea (see above) w’ith formation of 
an as-acetyl derivative, m.p. 86 ®, w^hich changes to the symmetrical form when 
heated {Wheeler, Am. Chem. J. 27, 257, 270). 

With CH 2 I 2 , CHaBr • CH 2 Br, CH 2 Br • CH 2 • CH 2 Br, diphenyl-thiourea gives cyclic 
derivatives of isothiourea {Poerster, Ber. 21 , 1872): 


>NPhv /NPh—CH2 

PhN:C<^^_^CIl2, PhN:C<^^ I , PhN 




-CH* 




NPh 


-CH2 
CH,—in. 


The second and third compounds are derivatives of thiazole and thiazine, respec¬ 
tively. 
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PhjNv 

Tetraphenyl-isoihiourea, m.p. 185-188®, has been obtained by 

the reaction between triphenyl-chlorocarbamidine (p. 96) and sodio-thiophenol 
{Steindorff, Ber. 37, 966). 

.NHPh 

Phenyl-isothio-hydantoic acid, HN:C^ , m.p. 150® (Rizzo, Gazz. 

^SCHjCOsH 

yNHPh 

28, 1,356) and diphenyl-isothio-hydantoic acid, PhN:C^^ ^ , are ob- 

^SCH2C02H 

tained from phenyl- and diphenyl-thioureas by the action of chloroacetic acid. 
By dehydraticjii these compounds p^ive isothiohydantoins: an unstable phenyl-iso- 
yNPh—CO 

thiohydantoin, HN:C^ 1 , m.p. 148®, which changes above 100® to the 

-CHz 


.NH-~CO 


The former is also obtained from 


stable isomer, PhN:C^ I , m.p. 178®. 

-CHj 

thiocyano-acetanilide. CNS-CHjCONHPh, m.p. 91®, on heating to 100®; the 
latter, on boiling with HCl is first converted into phenyl-isothiohydantoic acid 
by ring opening, and subsequently gives a mixture of mustard oil acetic acid 

/NPh—CO 

(Vol. I, p. 626) and phenyl mustard oil acetic acid, CO^ | (Wheeler, 

xg-CHj 

Am. Chem, J. 28, 121), which latter is also obtained by the hydrolysis of di- 

/NPh—CO 

phenyl-isothiohydantoin, .<L„; -™-' 

HYDROXYLAMINE AND HYDRAZINE DERIVATIVES OF PHENYLATED 
THIOUREAS. Phenyl-hydroxyl-thiourea, PhNIICSNHOH, m.p. 106®, from 
hydroxylamine and phenyl mustard oil, decomposes readily into water, sulphur, 
and phenyl-cyanamide (Volimer Ber. 24, 378). 

Phenyl-thiosemicarbazide, pnenyl-thiocarbanbic hydrazide, PhNH • CS • Nil • - 
NHj, m.p. 140® (decomp.), is obtained from phenyl mustard c)il and hydrazine 
hydrate, or fr<jm diphenyl-thiourea with hydrazine hydrate in alcoholic solution 
(Busch, Ber. 33, 1058). It reacts with aldehydes to form phenyl-thiosemif^arba- 
zones. Its acetyl derivatives readily lo>>e water and form thiobiazolines (Vol. IV); 
its benzoyl derivative gives a phcnyl-imido-phenylthiobiazoline on dehydration 
with acetyl cliloridc, but a diphenyl-triazole mercaptan (see triazoles, Vol. IV) 
with benzoyl chloride (MarckwaM, Ber. 29, 2914): 




-NH—N 

l:-cji, 


CcHfiNIl • CS • N ItNH • COCells 


.C(CeIL):N 
C®IUN<" I 


PHENYLATED GUANIDINE DERIVATIVES: Phenyl-guanidine, m.p. 60®, 
yNHPh 

NH:C< , is obtained from cyanamide and aniline hydrochloride. «ym- 

Diphenyl-guanidine, rnelanilim, NH:C(NHPh) 2 , m.p. 147®, is obtained simi¬ 
larly from cyano-anilide (p. 99) and aniline hydrochloride, and therefore 
also by the action of cyanogen chloride on dry aniline (U. S. Pat. 1,727,060). 
Like guanidine itself, these two compounds are monacid bases. Diphenyl-guani¬ 
dine is used as an accelerator in the vulcanisation of rubber. It is decomposed 
by CS 2 into diphenyl-thiourea and thiocyanic acid. oa-Diphenyl-guanidine, 
Ph 2 NC(NH)NH 2 , m.p. 147®, is obtained from diphenylamine and cyanamide. 

a-Triphenyl-guanidine, PhN:(NHPh) 2 , m.p. 143®, is obtained by heating di¬ 
phenyl-urea or diphenyl-thiourea at 140®, alone, or with copper, or by warming 
n alcoholic solution of diphenyl-thiourea and aniline with Pb(OH)* (Wheeler, 
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Am. Chem. J. 28, 121), or HgO, or boiling it with iodine solution. It is de¬ 
composed by CS 2 into diphenyl-thiourea and phenyl-isothio-cyanate (p. 98). 

/NPh, 

/3-Triphenyl-guanidine, HN:C<: , m.p. 131®, has been obtained by 

\NHPh 

heating cyananilide with diphenylamine hydrochloride. It is decomposed by CS® 
into diphenylamine, phenyl mustard oil, and thiocyanic acid. «j^-Tetraphenyl- 
guanidine, NH:C[N(C«H 6 ) 2 ) 2 , m.p. 130®, is obtained by the action of cyanogen 
chloride on diphenylamine at 170®. 

< NPh 2 

, m.p. 140®, and pentaphenyl- 

NHPh 


guanidine^ PhNrCf (NCeH 6 ) 2 ]. 2 , m.p. 179®. are obtained from aniline and di- 
phenylaraiiie, respectively, with triphenyl-chlorocarbamidine (p. 93). 

Amino-diphenyl-guanidine, Phis :ClNHPh)NH*NH 2 , m.p. 99®, is obtained 
from diphenyl-thiourea by the action of hydrazine hydrate in alcoholic-alkaline 
solution (without alkali phenyl-tliioseinicarbazide is formed). It is a strong base, 
forms addition compounds with aniline, and with carboxylic acids and nitrous 
acid it condenses to triazole and tetrazole derivatives (Busch, Bcr. 33, 1058; 35, 
1710). 

Diphenyl-hydroxyguanidine^ HON:C(NHPh) 2 , m.p. 151®, is obtained from 
diphenyl-thiourea By the action of alcoholic hydroxylamine and PbO (StolU, 
Ber. 32, 2238). 

NHv .NH 

PHENYL-BIGUANIDES. a-Phenyl-biguanide, %CNHC<f 

Nh/ \NHPh 

hydrochloride; m.p. 237®, is obtained by heating aniline hydrochloride with di- 
cyano-diamide (Lumiere, Bull. 33, 205; Hermann, Mo. 26, 1021). a-Diphenyl- 
NHv ^^NPh 

biguanide, >C-NH«Ck^ , m.p. 167® is obtained from thiocarbanilide 

— 1 / Xkt— 


NHjr 


^NHPh 


and guanidine (Beutcl, Ann, 310, 335; Cramer. Ber. 34, 2594). 

PHENYLATED NITRILES AND IMIDES OF Ci^ONIC ACID. Phenyl 
isocyanate, carhanilj CeHfcNiC'O, b.p. 166®, a liquid with an acrid smell, is ob¬ 
tained: 1. by distilling oxanilide, or 2, a phenyluretliane with PjOs (Goldschmidt^ 
Ber. 25, 2578, footnote); J. from diazonium salts by the action of potassium 
cyanate and copper (Gaticrvwnn, Bor. 3S, 1086); 4. from phenyl mustard oil 
PhNrCS, by the action of HgO (Kuhn, Ber. 23, 1^6) . at 170®; 5. by the action 
of thionyl chloride on benzohydroxamic acid (q,v.) in benzene (Marquis, C.r. 
143. 1163); 0. by warming benzoyl azide (g.y.) or benzoyl chloride and sodium 
aziae in an indifferent solvt 3 iit (Stoertner, Ber. 42, 3133; Schroetcr, ibid,, 3359); 

7. by the action of nitrous acid on monophenyl-urea in the presence of an excess 
of HCl (Haager, Mo. 26, 267); <9. by the liction of phosgene on aniline or, better, 
its hydrochloride; 2, a small quantity of phenyl isocyanate was detect^ in an 
aqueous solution of potassium chlorobenzamide which had been heated with 
potassium dibenzo-hydroxarnate (Mohr, J. pr. 72, 306). By methods 6,7^ and 

8, a number of substituted carbanils have been prepared (VitUnet, Bull. [3] 21, 
952; Ger. Pat. 133,760). 

The reactions of phenyl isocyanate resemble those of the alkyl isocyanates. 
Water converts it into diphenyl-urea (p. 92), and alkalis into phenyl-carbamates 
(Mohr, J. pr. 73, 177). It combines with alcohols and phenols to form phenyl- 
urethanes, a reaction w'hich is used to prove the presence of an alcoholic hydroxyl 
CTOup in a compound, and for purposes of identification (Bnape, Ber. 18, 2428; 
Tesmer, ibid., 2606). Similar reactions take place with the SH-groum and the 
OH-group of aldoximes and ketoximes, but not with C:0 and C:S groups. 
(Goldschmidt, Ber. 25,2578). On the other hand, it combines with 1,3-dicarbonyl 
compounds, such as acetyl-acetone, acetoacetic ester, malonic ester, etc,, in the 
presence of small quantities of alkali, forming C-carbanilido-derivatives, e.g., 
PhNHC0CH{C0CH8)C02K. These, unlike the 0-carbanilido-derivatives, are 
acidic, and give the ferric chloride reaction (Dieckmann, Ber. 37, 4627). 

Phenyl isocyanate gives phenyl-urea (p. 92) with ammonia; with bromine it 
mves the dibromide, PhNCOBr 2 , m.p. 144®, also obtained by the action of 
bromine on benzoyl azide (J. pr. 87,513). With diazo-amino compounds, PhN 2 - 
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NHR', mixed ureas are produced, in which the hydrogen of the NH-group is 
replac^ by the residue —CONH-Ph (p. 128; Uoldschmidt^ Ber. 22, 3109). 
For the action with hydi-oxy-acids, see Lamhling, Bull. 29, 122; with phenyl 
magnesium bromide, urethanes, and ureas, Lakra, Am. 51, 2220; Gilman, ihid,^ 
2262. 

All these reactions of phenyl isocyanates, if taking place in the absence of a 
solvent, go on normally without rearrangements, and are therefore valuable for 
the determin«‘ition of constitution (Goldschmidt, Ber. 23, 2179; D'ieckrnami, Bor. 
33, 2002; 37, 4632; Michael, Ber. 38, 22). 

By heating phenyl isocyanate with benzene and aluminium chloride, benzanilide 
is obtained; see syntlieses of benzoic and homologous acids. 

p-Nitrophenyl-isocyanate, m.p. 56®, is obtained by the action of carbonyl 
chloride on p-nitraniline (Cox, Org. Synth. 14, 72). 

Dicarbanil, PhN< ^NPh, m.p. 175®, obtained by the action of triethyl- 
NCQ/ 

phosphine or pyridine on phenyl isocyanate (Snape, J. 49, 254). Tricarbanil, 
m.p. 274®. 

0 -, m-, p-Tolyl isocyanates, CH 3 C 6 H 4 N:CO, b.p. 186®, 196®, and 187®, respec¬ 
tively, are obtained by method 7. 

Triphenyl isocyanurate, CaOaCNPh)?, m.p. 275°, is obtained (1) by the poly¬ 
merisation of phenyl isocyanate on heating with potassium acetate (Hofmann, 
Ber. 18, 3225); (2) by the action of cone. HCl on triphenyl-isomelamine (p. 100) 
at 150®. 

Triphenyl cyanurate, C 3 N 3 (OPh) 3 , m.p. 224°, is obtained by the action of 
cyanogen chloride or cyanuric chloride on sodium phenate. 

Isocyano-phenyl chloride, phenylimido-carbonyl chloride, PhNrCCh, b.p. 210® 
(corr.) is a colourless oil with a pungent smell, which has an irritating eilect on 
the eyes and lungs. It is prepared from phenyl isocyaiiide (p. 90) by the action 
of chlorine in chloroform, or from phenyl mustard oil by the action of chlorine 
(Freund, Ber. 26, 2870). With aniline it forms a-triphenyl-guanidine (i^ef, Ann. 
270, 282). 

Phenyl thiocyanate, PhSCN^b.p. 245°, is isomeric with phenyl-mustard oil, 
and with benzthiazole, C 6 H 4 <^ amino-thiophenols, p. 213). It is ob¬ 


tained from (1) the action of IISCN on benzene-diazonium sulphate (p. 125); 
(2) the action of cyanogen chloride on lead thiophenate. It behaves like the alkyl 
thiocyanates. For condensation with resorcinol, see Borsche, Ber. 62, 1743. 
For nitration of phenyl thiocyanate and other aromatic thiocyanates see Chal^ 
lenger, J. 1930, 26. 

PHENYL ISOTHIOCYANATE, phenyUmustard oil CeHsNiCS, m.p. -21°, 
b.p. 222°, is a colourless liquid smelling of mustard oil. It is prepared: 1. from 
diphenyl-thiourea (p. 95) by loss of aniline by the action of hot sulphuric acid, 
cone. HCl, acetyl chloride (Hunter, Chem. News 130, 401), or, best, cone, phos¬ 
phoric acid (A. W, Hofmann, Ber. 15, 986); 2. together with triphenyl-guanidine 
(p. 97) from diphenyl-thiourea by the action of alcoholic iodine solution; 8. 
by the action of thiophosgene on aniline; 4 . by the action of nitrous acid on phenyl 
thiourea (Haager, Mo. 27, 267); 5. from salts of phenyl dithiocarbamic acid (p. 
94) by the action of phosgene (Slotta, Ber. 63, 8^) or, preferably, by distilling 
the ammonium salt with lead nitrate, a general method of preparing the aryl 
mustard oils (Datna, Org. Synth. 1, 437). 

When heated with copper or zinc dust it is converted into beiizonitrile, owing 
to a rearrangement of the phenyl isocyanide first formed (p. 90) . When heated 
with anhydrous alcohols to 120®, or with alcoholic potash, it is converted into 
phenyl thiourethanes (p. 94) (Orndorff, Am. Chem. J. 22, 458). With ammonia, 
aniline, hydrazine, hydroxylamine it gives phenyl-thioureas (p. 94), and with 
chlorine isocyanophenyl chloride is formed. It combines with soaio-malonic 
ester to give thiocarbanilino-malonic ester, PhNHCS*CH(C 02 C 2 H 5)2 (Ruheman, 
J. 9^ 621); with KCN it gives the potassium salt of thio-oxanilic nitrile, 
PhNH*CS*CN. m.p. 82® (Reisaert. Ber. 57, 981); with aromatic hydrocarbons, 
phenols, phenyl ethers, and thiopnenol ethers, in the presence of aluminium 
chloride it gives carboxylic thioamlides (Gaiterniann, J. pr. 59, 572); with sodio- 
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acetoacetic ester it gives an addition product, which, on acidifying, yields the 
monothioanilide of acetyl-malonic ester, CH3CO -CHCCS •NHPh)COOC2H6, m.p. 
82-83® {Brewster, Am. 40, 406); with alkyl-magnesium iodide it gives salts 
which are decomposed by acids to thio-anilides of fatty acids, e.g,, PhNCS 
Me Mg I 

- ¥ PhNH*CS-Me (Sachs, Bcr. 36, 58«5). By reduction with Zn and HCl, 

phenyl mustard oil gives aniline and thioformaldehyd^ but with aluminum 
amalgam it gives thiocarbanilide and methyl mercaptan (Guihier, Ber. 34, 2033). 
Phenyl mustard oil may be used for identifying primary amines (Otterhacher, 
Am. 51, 1909). 

0 -, m-, and p-Tolyl isothiocyanates, b.p. 239®, 244®, and 236®, respectively; 
m.p. of the p-compound, 26®; mesial iso thiocyanate, m.p. 63®, which has a 
pleasant odour, is obtained by method 3 (Dyson, Chem. and Ind. 48^ 81). The 
odour and constitution of chlorinated homologous mustard oils are discussed by 
Dyson, Perfumery 1928, 19, 171. Ar-N-P S 


POLYSULPHIDES OF ARYL MUSTARD OILS, S^ I are obtained 

Ar-N:C—S 

from aryl ammonium dithiocarbamates by the action of S 2 CI 2 ; Phenyl mustard 
oil hexasulphide (n = 6) is a canary-yellow powder (Levi, Gazz. 61, 619). 

Selenophenyl mustard oil, CeHsNiCSe, b.p. (6-8 mm.) 120-130® (decompn.), 
is obtained from isocyanophenyl-chloride (p. 90) by the action of sodium sele- 
nide (Hasan, Hunter, J. 1935, 1762). 

PHENYLATED CYANAMIDE DERIVATIVES. (C/. cyanamide, Vol. I, 
p. 528.) Phenyl-cyanamide, cyanamhdc, PhNHCN -f V2H20,m.p. 47®, loses 
its water of crystallisation in a desiccator, and liquefios; in moist air the hydrate 
is reformed. On prolonged standing, or on heating, it polymerises to triphenyl- 
isomelamine. It is obtained: 1. by passing cyanogen chloride into an ethereal 
solution of aniline; 2. by heating phenyl-thiourea (p. 94) with HgO or lead 
acetate and alkali (Hofmann, Ber. 18, 3220). It dissolves readily in alcohol and 
ether. With H 2 S it regenerates phenyl-thiourea. For substituted phenyl-cyan- 
amides see Pierron, Bull. 33, 69: 35, 1197. 

Phenyl-methyl-cyanamide, PhMeN-CN, m.p. 30®, is obtained from phenyl- 
cyanamide and CHsI by the action of sodium ethoxido (Traube, Ber. 33, 1383); 
or from mono- or dimethyl-aniline by the action of cyanogen bromide. The 
last reaction, the action of cyanogen bromide on dialkyl-anilines, has yielded a 
number of homologous phenyl-alkyl-cyanamides (Braun, Ber. 33, 2728 ; 35, 

1279). Diphenyl-cyanamide, Ph 2 N -CN, ni.p. 73®, is obtained from 05-diphenyl- 
thiourea (p. 95) by the action of ammoniaoal silver solution (Werner, Ber. 26 
R 607). 

Carbo-diphenylimide, PhN:C:NPh, is a viscous liquid, b.p. (30 mm.) 218®. 
On distillation at ordinary prc.ssure, carbo-diphenylimide partly rearranges to a 
trimeric form, m.p. 161° (Miller, Ber. 28, 1004; SchalL Ber. 29, 270). It is ob 
tained 1. by tlu* action of HgO on a solution of 5yAo-diphenyl-thiourea (p. 95) 
in benzene; 2. by distilling a-triphenyl-guanidine (p. 96); and 3. from phenyl 
isocyanale at 180®, when CO 2 is lo.st (Stolle, Ber. 41, 1125). It combines with 
water to give 5yw-diphenyl-urea. with II 2 S to give 5ym-diphenyl-thiourea, with 
aniline to giv<i cr-triphenyf-guaniaine (cf. o-phenylene-diamine, p. 106), and with 
phenol to give diphenyl-isourea phenyl ether (Busch, J. pr. 79, 513). When HCl 
IS passed through a benzene solution of carbo-diphenylimide the compounds 
PhNrCCl'NPh, and PhNH-CCh-NHPh are formed (Lengjeld, Am. Chem. J. 
17, 98). With malonic ester and similar cormxninds carbo*<iiphenylimido com¬ 
bines to give substances of the type PhNIl-CNPh*CH(C02CjHft)2 (Traube. 
Ber. 32, 3176). Aliphatic and thio-aliphatio acids also combine with it, ana 
compounds such as acetyl-diphenyl urea, and acetyl-diphenyl-thiourea are formed 
(Sckdll, J. pr. 64, 261). With alkyl-magne‘5ium iodides, compounds containing 
Mg are obtained, which give diphcnyl-amidines (p. 89) when acted upon by acids 
Carbo-di-p-tolylimide, (C 7 H 7 N) 2 C, m.p. 57-59®. 

Triphenyl -me lamine, triphenyl-cyan nric-triamide , 


/NH-C(NPh)v 
PbN:C< >NH, 

\NH-C(NPh)/ 
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m.p. 228®, is obtained by the action of cyanuric chloride on aniline, or from 
methyl trithio-cyanurate and aniline at 250-*300®. 

Hexaphenyl-melamine, C 3 N 8 (NPhj)i, m.p. 300®, is obtained from cyanuric 
chloride and diphenylamine. 

.NPh*C(NH)v 

Triphenyl-isomelamine, NHiCY >NPh, m.p. 210®, is formed as 

\NPh-C(NH)/ 

a polymerisation product of phenyl-cyanamide (p. 99), in the form of an addi¬ 
tion product of two mols. of the base with one mol. of phenyl-cyanamide (m.p. 
186°). On heating with HCl the Nil-groups are successively replaced by O. and 
hnaUy isocyanuric triphenyl ester is formed (p. 98). In addition to normal and 
triphenyl-isomelamine, asymmetrical triphenyl-melamines are known {Hofinarm ^ 
Ber. 18, 3218, 3226, 3228). 

ANILIDES OF DICAIWOXYLIC ACIDS. Oxalic acid and its homologues as 
well as the unsaturated di<5arboxylic acids form anilic acids and di-anilides. 
Those dicarboxylic acids which are capable of forming anhydrides give also N- 
phenylimides. Anilic acids are obtained: 7. by partial hydrolysis of diariilides, 

by mixing ether or chloroform solutions ol an anhydride and of aniline (An- 
schiitz^ Ber. 20, 3214), S, by hydrolysis of N-pheiiylimides {An.sckutZy Ber. 31, 
957). The N-phcnyliinides are reformed from the anilic acids by treatment with 
PCU or acetyl chloride, and are also formed when the acids or anhydrides are 
heated with aniline. A large number of these compounds have been mentioned 
in Vol. I in connection with their respective acids. 

PHENYLAMINO DERIVATIVES OF OXALIC ACID. Oxanilic acid, PhNH • - 
CO-COaHj m.p. 150® (for an isomeric oxanilic acid, m.p. 210®, see Nc/ Ann. 
270, 295) IS obtained by heating oxalic acid with aniline, from oxanilide by the 
action of alcoholic potash, and from citraeon-anilic acid by oxidation w'ith |>er- 
manganate. Methyl ester, m.p. 114® {Anschiilz, Ann. 254, 10). Ethyl ester, 
m.p. 66®. Chloride, m.p. 82® (Aachtm Ber. 23, 1820). 

Oxanilic nitrile, cyano-forrnanilide. PhNHCOCN, m.p. 120®, is obtained by 
adding HCN to phenyl isocyanate. Heated above* its melting point it doc.omposes 
into it.s components. By careful hydrolysis it yields phenyl-oxamide, PhNHCX)- 
CONH 2 , ra.p. 224®, and on addition of H 2 S it gives oxanilic thioamide, PhNH- 
COCSNH 2 , mj3. 176® (DwckrnaTm, Ber. 38, 2978). 

OXANILIDE. (CONHPh) 2 , m.p. 245®, is obtained from the isomeric di-N- 
phenyl ether ol glyoxime, Pli-NO^==CH—CH-—NO-Ph, ra.p. 183® (deoomp.), 
by rearrangement under the influence of AcOH and acetic anhydride. The gly¬ 
oxime derivative is obtained: 1. from nitrost)benzeiie and diazoinethane, and 2, 
from N-phenylhydroxylainine and glyoxal on formaldehyde (p. 69) {Ptchtnaim^ 
Ber. 39, 2871; Bamberger, Ber. 35, 1883). 

* A number of sulphur derivatives of oxanilic acid are obtained by the action of 
P 2 S 4 on the corresponding oxygen compounds; they are distinguished by their 
intense yellow to orange colours (Reinsert, Ber. 37, 3708). Thio-oxanilic acid, 
PhNHCSCOjH, m.p. 102 ®. Thio-oxanilide, PhNHCS CONHPh, m.p. 145®. 
Both these compounds arc readily (ionverted into derivatives of bertzthiazole (Vol 
IV). Thio-oxanilic thioamide, PhNHCS-CSNfL, m.p. 98®. Dithio-oxanilide, 
(CSNHPh) 2 , m.p. 134°, can also be obtained by the action of HaS on oxanilide 
chloride (Sabanajev, C. 190^ II, 121 ). 

Tetra-p-tolyl-oxamide, [(JON(C’«H 4 -Me) 2 l 2 , ra.p. 127®, is obtained from p- 
ditolyl-urea cldoride (p. 92) Oxanilido-dioxime, [C: (NOH)NHPh]a, ra.p. 
215° (decomp.) is obtained from dihrornoglyoxirne peroxide. Semiortho-oxalic 
dianilido methyl este^ Me 02 C-CfNHPh) 20 Me, and phenylimido-oxalic di¬ 
methyl ester, Me02C*C:NHPh(OMe), m.p. Ill®, are obtained from dichlor- 
oxalic ester and aniline (Anschutz, Ber. 28, 60). Oxanilic diphenyl-amidine, 
,NHPh 

PhNHCO*C<C , m.p. 134®, is obtained from semiortho-oxalic ester and 
^NPh 

from ethyl dichloro^xanilate (Klinger, Ann, 184, 268). The corresponding nitrile, 
carbo^ipk^nyl^imido-hydrocyanule, NC*C(NHPh) :NPh, is obtained by the 
action of HCN on carbo-diphenylimide (sc;e p. 99); with yellow ammonium 
sulphide it |nlvea a thio-amide, NH 2 CS-C(NHPh) :NPh, which is readily con¬ 
verted into isalin anilide and indigo (Vol. IV). o-Nitro-oxanilic acid, m.p. 112®, 
and o-dinitro-oxanilide, ^ee HUtmer, Ann. 209, 369. 
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Malonanilic acid, PhNHCOCH 2 CO*H, melts at 132® with dccomp. into CO 2 
and acetanilide. It is also obtained by a rearrangement of sodium acetyl-phenyl- 
carbamate at 140®. The latter compound is prepared from sodio-acetanilide and 
CO 2 {S&i-fert, Ber. 18,1359), Malonanilide, CH 2 (CONHPh) 2 , m.p. 223® {Freund, 
Ber. 17, 134); malonic methyl anilide ( Vorl&nder, Ber. 31, 1826); dithiomalan^ 
anilide, CH 2 (CSNHPh) 2 , m.p. 149®, is obtained from malonanilide by the action 
of P 2 S 6 {Reinsert, Ber. 39, 3300). 

Succinanilic acid, succinanil, see Vol. I, p. 552; succinimide. 

Fumaranilic acid, fumaranilic chloride, fumaric dianilide, maleinanilic acid, 
maleinanil, dichloromaleinanil, dichloromaleinanil dichloride, dichloromalein- 
anil-dimethyl ester, dichloromaleinimidanil, dichloromaleindianil, citracon- 
aniliclftcid, citracon-anil, itacon-anilic acid, see Vol. 1 in connection with the 
corresponding carboxylic acids. 

ANILIDO-DICARBOXYLIC ACIDS. Anilido-malonic acid, PhNH CH- 
(C00H)2, melts at 119® with loss of CO 2 , and formation of phenylglycine (p. 
90). Its esters, (methyl, m.p. 68®, ethyl, m.p. 45°) are ootained from the 
bromo-nialonic esh^rs by the action of aniline, and behave like malonic esters; 
they can be alkylated on the C-atom, they add on Gf,j3-unsaturatcd carboxylic 
esters, etc, (sec Vol. I, 543). At 260-265® they condense to i'ndoxijhc esters, and 
these are readily converted into indigo {Conrad, Ber. 35, 511). For the action 
of nitrous acid see Curtiss, Am. Chem. J. 28, 315). 

Phenyl-asparaginanilic acid, phenyl-asparaginanil; a-anilido-pyrotartaric acid; 
pseudo-itaconanilic acid; see amino-succinic acids, Vol. I, p. 608. 

PHENYLATED UREIDES OF DICARBOXYLIC ACIDS. Phenyl-parabanic 
/NPh—CO 

acid, CO^ ] , iu.{). 208®, and diphenyl-parabanic acid, m.p. 204®, are 

^NH — CO 

obtained from the corresponding carbamides by the action of ethoxalic (jliloride 
{Stojenbn, J. pr. 32, 20). Diphenyl-malonyl-urea, diphenyl-harhUnnc acid, 

/NPh -COv 

CO< >CH 2 . m.p. 233®, is obtained by the action of malonyl chloride 

^NPh—CO^ 

on carbanilide. By a sequen(?e of reactions similar to those leading from malonyl- 
urea to uric acid (Vol. I, p. GS9) diphenyl-malonyl-urca gives diphenyl-violuric 
acid, m.p. 227®, diphenyl-uramil, m.p. 195®, diphenyl-v^-uric acid, m.p. 217®, 
and 1,3-diphenyi-uric acid, m.p. 300° {Cohen, Proc. 1907, 148). 

SUBSTITUTION PRODUCTS OF ANILINE. Special interest 
attaches to the substitution products of aniline, because the substi¬ 
tution rules for aromatic amines have be(»n derived from them, and 
because they are the connecting links in many determinations of 
constitution. The substitution products of other primary phenyl- 
amines are of lesser interest. 

HALOGEN DERIVATIVES OF ANILINE. Methods of f(mnation,--t. Ani¬ 
line, like phenol, is much more readily Mibstituted than benzene. If chlorine or 
bromine water is allowed to act on aqueous solutions of aniline vsalts, halogen 
atoms enter the 2, 4, and 6 positions. For intermediate addition products see 
Hantzsch, Ber. 38, 2159; Fries, Ann. 376. 128. 

Starting with acetanilide (p. 88) the first products obtained by the action of 
CI 2 or Br 2 are the p- and o-mono-substitution products, which may be converted 
into o,p-di-siibstitution products. When, on the other hand, CI 2 or Br 2 acts on 
aniline in presence of cone, sulphuric acid, w-compounds are formed, as the 
positively charged —NHa**" group of aniline sulphate is a m-directing group (see 
p. 15). For the further substitution of /^-substituted anilines see Longer, Ber. 
15, 1328. Iodine directly substitutes in the aniline nucleus, the HI formed com¬ 
bining with the ox(*ess of aniline; 

2 PhNH 2 + I 2 “ IC«H4NH2 + PbNHJ 
(c/. non-iodination of benzene, etc,), 

2, Monohalogen-anilines are smoothly obtained from monohalogen-nitro¬ 
compounds, prepared from nitramino-compounds ma the diazo-compounds. 
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3, p-Chloro-anilines are obtained by heating p-chloro-bromobenzenes mth 
aqueous NHa, in the presence of CU 2 O at 120® in a sealed tube. p-Chloro-anilino 
is formed when nitrobenzene is reduced in a strong hydrochloric acid solution (p. 
88 and Stiegliiz. Am. Chem. J. 31, 453; Blanksma, Rec. 25, 365). 

p-Chloro-aniline is a stronger base than the o- and m-compounds (Ber. 10, 
974). The dipole moments are: m-chloro-aiiiline, 2.6-2.7 D., p-chloro-aniline, 
2.9 D. 


Compound 

1 , 2 - 0 - 1 

1,3-m- 

1 1,4-p- 

M.p. 

B.p. 

M.p. 

B.p. 

M.p. 

B.p. 

FC5H4NH2 

ClCdlLNIL 

BrC(iH 4 NH 2 

IC4H4NH2 

-28.95 

- 2.1 

29.4 

56.5 

94.6 
(55 mm.) 
207.0 
229 

Liquid 

-10.2 

16.7 

27 

186.1 

(753-756) 

228.5 

251 

145-146 
(15 mm.) 

-0.82 

69.69 

66.4 

62-63 

itr 

(753 mm.) 
232.3 
Dec. 


Of the higher halogen substitution products of aniline the following may be 
mentioned: 


From acetanilide: 

2.4- Dichloroaniiine, m.p. 63®. b.p. 245® Ber. 7, 1602). 

2.4- Dibromoaniline, m.p. 79^. 

From the corresponding mtro-compoimds: 

2.5- Difluoroaniline, b.p. (30 mm.) 84.5-85.8® (Swarls, Bclg. 1914, 176). 

2.5- Dichloroaniline, m.p. 50®, b.p. 246® (Noelting^ Ber. 38, 3506). 

2.5- Dibromoaniline, m.p. 51° {Meyer, Ann. 165, 180). 

2 .6- Diiodoaniline, m.p. 122® {Brenam, C.r. 138, 153). 

2,4-Diiodoaiiiline, m.p. 96° (Brenans, C.r. 139, 63). 

From aniline by the action of chlorine and bromine: 

2.4.6- Trichloroaniline, m.p. 78®, b.p. 262° (Wenghbffer, J. pr. 16, 449; 
Meyer, Ber. 27, 3151). 

2.4.6- Tribromoaniluie, m.p. 119® {Gatterrnann, Ber. 16, 635). 

3.4.5- Tribromoaniline, m.p. 118-119° {Lorvtig Jackson, C. 1898, I, 939). 

2.4.6- Triiodoanilme, m.p. 184® {Wheeler, Am. Chem. J. 42, 441). 


Pentachloroaniline, ra .p. 232®. Pentabromoaniline, m .p. 262®. Halogen com¬ 
pounds of benzene are produced by eliminating the amino-group by means of the 
diazo-reaction. 

For di-, tri-, and tetra-iodoanillnes and their transformation products see 
Willgerodt, Ber. 34, 3343. 

For further halogen derivatives of aniline see Reed, J. 91, 1543; Fries, Ann. 
346, 160; for halogen alkylated anilines see Braun. Ber. 52, 1716. 

RITRANILINES, N02C®H4NH2, are isomeric witn phcnylnitraminc, PhNHNOa 
(p. Ill). Aniline is violently attacked by nitric acid and easily ro^inifies. 

1, Mono- and di-nitro compounds arc obtained by nitration of acetanilide 
(p. 88). The amino-group is protected by the acetyl group, and the products 
first formed are p- and o-nitroacetanilides; with an excess of nitric acid the p- 
compound preponderates, but with equivalent of HNOa dissolved in a mixture of 
glacial acetic acid and acetic anhydride, o-nitroacetanilide is the chief product 
{Witt, Ber. 39. 3903). When aniline is nitrated in presence of cone, sulphuric 
acid in the cola, m-nitraniline is formed together with o- and p-nitrnnilines; the 
higher the concentration of sulphuric acid the greater the proportion of rw-nitrani- 
line (p. 101) {Noelting, Ber. 17, 261; Huhner, Ber. 10, 261). In concentrated 
sulphuric acid the amino-group is converted into the meta-directing —;-NHj+ 
group (p. 15), The three isomers are separable owing to their different basicities; 
when their acidic solution is neutralised, o-nitraniline is precipitated first, then 
p-, and the m-last, Nitroacetanilides are separated similarly {Witt, Ber. 39, 
3903). 

3, Nitranilines are obtained by heating halogen-nitrobenzenes with alcoholic 
ammonia at 160-180®, pr heating nitrophenol ethers, such asU«H 4 (NOa)OC 2 H|, 
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with aqueous ammonia. Both methods succeed with para and ortho, but not with 
meta derivatives. 

S, 2,4-Dinitranilines may be prepared by the direct introduction of an 
amino-group into meta-dinitro compounds by the action of alcoholic alkaline 
hydroxylamine solution {Meisenheimer, Ber. 39, 2533). 

4- By partial reduction of polynitro-compounds (p. 72) {Vesely^ Tehee. 1 , 
360). 

5, By heating nitro-aminobonzene sulphonic acids with HCl to 170® (Niefzki^ 
Ber. 18, 294) (Ger. Pat. 157,859), or with dilute H 2 SO 4 under reflux (Ehrenfeld^ 
Org. Synth. 9, 64). 

6, o- and p-Nitranilines are formed by a rearrangement of phenylnitramine 
(Orton, J. 87, 389; Bradfield, J. 1929, 915). 

7, o-Nitraniline is obtained by nitrating acetyl-sulphanilic acid (Sakellarios, 
Ber. 58,2286). 

1.2- , o-Nitraniline, m.p. 71®; acetyl compound, m.p. 92®. 

1.3- , m-Nitraniline, m.p. 114®; acetyl compound, m.p. 155®. 

K4-, p-Nitraniline, m.p. 147®; acetyl compound, m.p. 207®. 

The nitranilines link the diamino- and dinitro-benzenes to the nitro-halogeno-, 
amino-halogeno-, and dihalogeno-benzenes: 

/NH2 /NO2 /NO2 


Ctll 


< 


NHa 


C6ll4< 

^N02 
yN02 

CJl4< 

^Br 


C6H4<^; 


NH 2 

yNH2 
-> Cell4<; 

\Br 




Jl4<(‘ 


Br 
Br 

On boiling with alkali, the 6 - and p-nitranilines (but not rn-) lose NH 3 and give 
nitrophenols, CeliiCNOj) •OH; di- and tri-nitro-anilines react even more readily. 
With sodium and potassium alkylate in warm benzene, p-nitraniline gives a col¬ 
oured mono-potassium or mono-sodium salt, probably of quinonoid structure: 
NH:C 6 H 4 :NqOK (Perkin, .J. 113, 508; Green, J. 113,^67). 

The catalytic reduction of p-nitraniline in the presence of aldehydes or ketones 
gives products substituted in both NH 2 groups; thus, with acetone, the reaction 
gives N,N'-diisopropyl-p-phenylene diamine. The other nitranilines do not 
undergo this substitution (Major, Am. 53, 4373). o- and /a-Nitraniline give 
highly unstable N-dichloro-nitranilines with HOCl (Goldschmidt, Ber. 55, 24^). 

The similarity of the nitranilines to the acid amides becomes closer as the 
number of nitro-groups in them increases; thus, picramide is liydrolyzed by caus¬ 
tic alkalis to picric acid and ammonia: 

C6H2(N02)3NH2 + KOH = C«H2(N02)30K + x\H3. 

o-Nitraniline derivatives of carbonic acid, viz., o-nitrophenylurea, m.p. 183°, 
o-nitrophenylguanidine, m.p. (-flL’O) 53°, ando-nitrophenylthiourea, m.p. 136®, 
lose water on heating with dilute caustic alkalis, and the ring closes to form 1,2,4- 
benzo-triazine 1-oxicies (Arndt, Ber. 46, 3522 ; 50, 1246). 

From ammonia and the corresponding dinitro-phonols or polynitro-halogen- 
benzenes are obtained; 2,4-dinitranilme, m.p. 182°; 2,6-dinitraniline, m.p. 141- 
142®. 

2,4,0-Trinitraniline, 'picrarnidc, (N02)3C8n2NIl2, orange i'oloured needles, m.p. 
190®, has been obtained: /. by nitrating aniline or acetanilide dissolved in cone. 
H2SO4 in the absence of water (Witt, Ber. 41, 3091); from picric acid via its 
ether, or by means of picryl chloride (p. 63), wiiich latter reacts with aqueous 
NHj even in the cold; ^. by the action of an alkaline alcoholic solution of hydroxyl- 
amine on syw-trinitrobenzene (Meisenheimer, Ber. 39, 2539). 

2.3.4.6- Tetranitranilme, m.p. 220° (decomp.) and pentanitraniline, m.p. 192® 
(decomp.), have been prepared by Flurscheim (Br. Pat. 243,079; J. 1928, 
3041)^ the first by vigorously nitrating ?a-nitraniline, the other from 3,5-dini- 
tranihne by further nitration. 

2.6- Dinitro-p-toluidine, m.p. 171®, 4,6-dinitro-o-toltddme, m.p. 135® have been 
obt^ned by partial electrolytic reduction of trinitro-toluene (Brand, Ber. 49. 
673; Kdmer, Atti, R. Accad. Lincei 25, II, 339). The isomers can be separated 
by crystallisation from hot water. 
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ayffi-Tiinltro-m-xvlidlne, m.p. 206®, is obtained from trinitro-chloroxylene and 
ammonia (Klages, Ber. 28, 2047). •. l t 

NITRO-DIP^ITYLAMINES are obtained by acting upon mtro-mlo^a- 
benzenes with aniline, or nitraiiilines with broraobenzene in the presence of copper 
bronze or cuprous iodide {cf. p. 72). o-Nitro-broniobenzene, and polynitro* 
halogen-benzenes react with aniline even without a catalyst. Aryl-sulphoiwtes 
of o-nitrophenol and its derivatives react similarly with aniline to form nitro- 
diphenylamines (Ullmnnn, Ber. 41, 1870). Numerous nitro-diphenylamines 
have also been prepared by nitrating nitroso- or benzoyl-diphenylamines, and 
hydrolysing the products wdth dilute sulphuric acid (Juillard, Bull. 33, 1172). 

Nitro-diphenvlamines are faintly yellow substances, forming dark red alkali 
salts whose stability increases with the number of nitro groups. Hoxanitro-di- 
phenylamine dissolves in aqueous alkalis with a purple colour. Its ammonium 
salt is a brick-red powder which was used as an orange dye for wool and silk, 
called aurmUm, before the azo-dyes w'ere known. It is used as a light filter in 
photography. The corresponding salt of pentanitro-diphenylamine is not a dye. 
The structure of these highly coloured alkaline salts is presumably quinonoid: 



The nitro-diphenylamines would thus be classified as paeudo-acids (Vol. I, 
p. 50). Two series of alkyl derivatives are known: faintly yellow, stable N- 
ethers corresponding to the free nitro-diphenylamines, and dark-violet, unstable 
O-ethers coiTesponding to the dark alkaline salts, and sharing their (piinonoid 
structure (ocf-nitro derivatives). 


(1) (N02)aC4H.2-NMeC.H2(N02)a 

pale yellow 


(II) (N0s),CJIj NIlC,H,(N02)j:N00Me 

deep violet 


0 -, m-, and p-Nitro-diphenylamine, N02C«Il4NHC«H6, m.p. 76®, 112®, and 
133® (Lellmann. Ber. 15, 826; Schopf. Ber. 22, 903; Goldberg, Ber. 40, 4545). 

o,o\p,p\ and o,p'-Dinitro-diphenyiamine, N0.2C*H4NHC6H4N02, m.p. 167®, 
216®, 222-223® {Bamberger, Ber. 31, 578). 

2,4,6-Trinitro-diphenylamine, m.p. 179®, is obtained from tetranitro-benzene 
or picryl chloride by the action of aniline (margoaches, Ber. 56, 1943). Trinitro- 
xylyl-phenylamine, m.p, 175 ®, {Klages, Ber. 28,2047). Other similar compounds, 
see Ber. 33, 504. 

2,4,6,2^4'-Pentanitro-diphenylamine, m.p. 194®. Hezanitro-diphenylamine. 
dij>icrylamim, m.p. 238® (decomp.), has been prepared from chlorobenzene ana 
aniline by the action of HNOa {Hoffmann, Am. 41, 1013). 

N-Methyl-2,4-dinitro-diphenylamine, PhNMeC6H8(N02)?, m.p. 167®, ob¬ 
tained from 1,2,4-chloro-dinitrobenzene and methylaiiiline, gives, on further 
nitration, N-methyl-hexanitro-diphenylamine (formula 1 above), m.p. 236®, 
yellow leaflets. The isomeric O-methyl-cM^'-hexanitro-diphenylamine (II), 
violet-black crystals decomposing at 141®, is obtained by the action of Mel on 
the silver salt of hexanitro-diphenylaniine. The ester is rajiidly hydrolysed 
by traces of alcoholic HCl. With acetyl chloride, on the other hand, the silver 
salt gives N-acetyl-hexanitro-diphenylamine, bright yellow crystals, m.p. 240® 
{Hantzsch, Ber. 41, 1747). 

0 -, m-, and p-Nitro-triphenylamine, m.p. 98®, 78®, and 144®, respectively, 
have been prepared by Piccard (Am. 39, 2006) by phenylating the three ni trail- 
Hines. The p-isomer has also been obtained by Camharyan (Ber. 41, 3510) 
from p-nitro-iodobenzene and diphenylamine by the addition of copper bronze. 
p,p'-I)initro-triphenylamme, m.p. 196®. 

p-NITROSO-COMPOUNDS OF PRIMARY. SECONDARY, AND TER¬ 
TIARY AROMATIC AMINES. Formation. —1 . When the uitrosamines of 
monornethylaniline or diphenylamine (p. Ill) are treated with alcoholic HCl, 
they rearrange into p-nitroso-compounds (Fisc)ier-Hepp rearrangement, Ber. 
19, 2991). 
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Tertiary dialkyl-anilines react with nitrous acid, to yield jh 
nitroso-compounds (Baeyer, Caro, Ber. 7, 963). In this reaction 
nitro-compounds are formed as by-products {Stoermer, Ber. 31,2527); 
Hailsermann, Ber. 32, 1912). Ortho-substituents prevent the reac¬ 
tion (Friedldnder Mo. 19, 627). 

S. Nitroso-phenols fused with ammonium acetate and ammonium chloride 
give p-nitroso-anilines (Mehne, Ber. 21 , 429). 

Behaviour. —When heated with caustic soda the nitroso-compoimds of second- 
anr and tertiary aromatic amines break down into sodium nitroso-phenates and 
alkyl-amines. Tert.-nitroso-anilines condense with compounds containing reac¬ 
tive CHa-groups; water is lost and compounds of the azomethine series are formed 
{Ehrlich, Sachs, Ber. 32, 2341; 34, 118), e.g., 

/CN /CN 

MeaN • CJl4 • NO -f HaCX = MeaN • aH4N: (X + If 2 O. 

^Ph \ph 

Important dyes of the oxazine, thiazine, and imluline .series are derived from 
tert-nitroso-anilines. For the oipole moments of some alkylated p-nitroso-anilines 
see Le Fbvre, J. 1Q32, 39. 

p-Nitroso-aniline, NOCeH 4 NH 2 , m.p. 173®, forms steel-blue needles {Bamberger, 
Ber. 36, 3830). p-Nitroso-monomethyl-aniline, NO*C«H 4 NHMe, m.p. 118®, 
forms blue lustrous flakes, freely .soluble in dilute NaOH and precipitated from 
this solution by COj. Heated with aqueou.*^ NaOH it breaks up into methylamine 
and sodium-p-nitro.sophenoxide. p-Nitroso-monoethylaniline, m.p. 78®. 

0 -, m-, and p-Nitroso-acetamlides, NOC 6 H 4 -NHCOCH 3 , m.p. 107®, 111®, and 
173®, respectively, are obtained by the oxidation of the three monoacetyl- 
phenylene diamines with permonosulphuric acid. The p-isomer is known in a 
green and a colourle.ss (dimeric) modification, m.p. 173® and 181®, respectively 
{Cain, J. 93, 681). 

n-Nitroso-dimethylaniline, NO‘C 6 H 4 -N(CHj) 2 , m.p. 85°, form.s large green 
flaKes. It is oxidised by potas.sium permanganate and potas.^ium ferricyanide to 
p-nitro-dimethylaniline, whilst reducing agent.s convert it into amino-dimethyl- 
aniline, an important substance in the dye industiy. It is decomposed by sodium 
hydroxide giving nitrosophenol and dime thy lamine. Its hydrochloride is diffi¬ 
cultly soluble. p-Nitroso-methyl-cthyl-aniline, hydrochloride, m.p. 66-67®, 
is obtained from methyl-ethyl-aniline by the action of N 2 OJ {Cnin, Brit. Abstracts 
1911, 437). p-Nitroso-diethyl-anilinc. m.p. 84®. 

p-Nitroso-diphenylamine, m.p. 144^. forms green plates and is obtained from 
diphenyl-nitro.samine by the action 01 HCl gas. It dissolves in concentrated 
alkalis, and forms dark brown alkali salts which are derived from the anil of 
quinone-monoxime, PhN:C«H 4 :NOH {Fischer, Ber. 20, 1252; Ikata, Ber. 21, 
R227; Wieland, Ber. 39, 3039). 

j^-Nitroso-triphenylamine, brown needles, m.p. 120.5®, is prepared by hydro¬ 
lysing its hydrochloride, m.p. 178°, produced from triphenylamine by the action 
of amyl nitrite and HCl {Picrxird, Am. 40, 1074). 

^ 4 . Diamines 

Aromatic diamines, the amino groups of which are attached to the 
benzene ring, are obtained by the following methods; 

1. Reduction of nitramines and dinitro-compounds, e.g., with tin 
and hydrochloric acid. 

2. Mono-amines are converted into amino-azo compounds (p. 138) 
and these are reduced: 


C,H.N=«NCJH4NH, + 4H - C.H*NH, + NHAH4NH.. 
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5, Diamino-bcnzoic acids lose CO 2 on heating with baryta; this 
reaction has proved of special importance in establishing the con¬ 
stitution of the three phenyleno diamines (p. 11). 

4* Phenylated diamino-benzenes are formed in the seniidine transfonnaliori 
of hydrazobenzenc (p. 145), o-amino-ditolyl-amine from hydrazotoluene. 

6 . Diphenylated diamino-bonzenes, C6H4(NHPh)2. are formed when the di¬ 
hydroxy-benzenes, resorcinol and hydroquinone (q.v,) are heated with aniline 
and CaCb or ZnCb. 

Properties. —The diamines are colmirless solids, volatilising without 
decomposition. They rapidly turn bro^vn in the air. They are di- 
acid bases, and usually give salts which crystallise well. For tl: 
salts with organic acids see Feigl, Mo. 59, 136. In general the • . 
diamine adds on two equivalents of acid, whilst the other isomers add 
on only one. The coloration given by tlie solutions with ferric 
chloride is characteristic. Complex compounds are formed with 
certain metallic salts, c.p., the halides and sulphates of Co, Ni, Zn, 
Cd, and Cu (Ilieber, Anorg. 180, 89). The hydrogen atoms of the 
amino-groups can be replaced in the same w^ay as those of the mono¬ 
amines. 

DIAMINOBENZENES, or PHENYLENE DIAMINES, CflH 4 (NH 2 ) 2 . The 
o-compound is prepared from o-nitraniline by reduction, best with zinc dust and 
NaOH {Himhera, Ber. 28, 2947). The m-compound is the most readily accessible. 
It is obtained from Tw-dinitrobenzene (p. 61). The p-coinpound is obtained 
by the decomposition of aminoazobenzene, by heating p-dicrilorobenzene with 
ammonia in the presence of Cu804 (Ger. Pat. 202,170), or b}*^ roduoing p-ni- 
traniline with Fe and HCl (Jansen^ Z. Farlxiiiind. 12, 197). 

1.2- or o-Phenylene diamine, m.p. 102°, b.p. 257°. 

1.3- or wi-Phenylene diamine, m.p. 63°, b.p. 287°, dipole moment, 1.8. 

1.4- or p-Phenylene diamine, m.p. 147°, b.p. 267°, dipole momentj 1.4-1.5. 
For the acylation of o-diamines, sec Mason, Ber. 47, 717; for diglycmes of the 
three diamines see Fraenkel, Ber. 49, 485. 

o-Phenylene diamine gives a dark-red colour with ferric chloride in hydro¬ 
chloric acid solution, diamino-phenazine hydrochloride being formed. On 
oxidation with Pb 02 or Ag 20 o-quinone-diimine is formed, which immediately 
polymerises to o,o'-diaminoazobenzene. In the table on p. 108 where the many 
condensations of o-diamines are shown, o-phcnylene diamine may usually be 
taken as an example. Acetyl-o-phenylene diamine, m.p. 132° (Levchs, Ber. 40, 
1085). o-Amino-phenylurethane, m.p. 86°. o-Amino-dimethylaniline, b.p. 
217° (Bamberger, Ber. 32, 1903). 4,6-Dinitro-o-phenylene diamine, m.p. 216°, 
forms dark red needles, and is obtained by the reduction of picramido with alco¬ 
holic ammonium sulphide (Witt, Ber. 41, 3093). 

m-Phenylene diamine gives an intense yellow' colour with even a very dilute 
solution of nitrous acid, due chiefly to the formation of'2,4,3 '-triamino-^zohenzene, 
and the disazo-compound, (NH 2 ) 2 C 6 H 3 N:N-C 6 H 4 -N:N.CeH 3 (NH 2 ) 2 . This 
mixture is known as Bismarck or Manchester brown. Traces of nitrites or nitrous 
acid in water can thus be estimated coloriraetrically (Wislicenus, Ber. 14, 1015). 
If the nitrite solution is added quickly to the hydrochloric acid solution of m- 
phenylene diamine, 1,2,4-nitroso-m-phenylene diamine, NOC 6 H 3 (NH 2 ) 2 , garnet- 
red leaflets, m.p. 210° is formed in addition to the above-mentioned substances 
(Bertels, Ber. 37, 2276). For the action of COCU, CS 2 , and ethyl oxalate see 
Gued, Ber. 21, R 521 ; Roller, Ber. 35, 411). Tetramethyl-m-phenylene diamine, 
b.p. 267° (Pinnow, Ber. 39, 3110). Tetraphenyl-7n-phenylene diamine, C«H 4 - 
(NPhsO* i* formed when m-dichlorobepzcne is heated with potassium-diphonyl- 
amine ^ffaussermann, Ber. 32, 1912), o-Nitro- and o-aminophenyl-m-phenylene 
diamine (Ger. Pat. 166,600). 2,4-Dinitro-m-phenylene diamine, m.p. 254° 
(Meisenheimer, Ber. 39, 2638). 

p-Phenylene diamine is oxidised by the air to dark garnet-red crystals of 
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tetra-ammo-diphenyl-p-azophenylene, C,H 4 < , m.p. 

, ... \[4]N[1)C,H,[2,51(NH,), 

231 (decomp.) (Bandroivski, Bor. 27, 480). It is oxidised by Ag 20 to quinone 
diimine (p. 242), by Mn 02 and H 2 SO 4 to quinone (p. 233), and by bleaching 
powder to quinone-dichlorirnine (p. 244). For its poisonous effects see Thorrvp’- 
son, Med. Rec. 97, 401. For detection with vanillic acid, see Herold^ Seif.-Zlg. 
61 , 801. Acyl - p - phenylone diamines give acyl - p - pnenylene - diazoimides, 
/NCOR 

1 , with liquid N 2 O 3 (Morgan, J. Ill, 187). p-Amino-dimethyl- 


anilme, NH 2 C 6 H 4 -NMe 2 , m.p. 41°, b.p. 257°, is obtained by reduction of 
i-nitroso- or p-nitro-dijnethylaniline (p. 105) or by the decomposition of heli- 
nthine or of p-dinietliylamirioazobcnzeiie (Fischer, Ber. 16, 2235). With H 2 S 
id FeCla in acid solution it gives n dark-blue colour, due to methylene blue, and 
... is used as a sensitive reagent for the detection of hydrogen sulphide. 
Dimelhyl-p-phenylene diamine, CIIaNH C 6 H 4 NHCH 2 , m.p. 53°, b.p. (17 mm.) 
150°, is oxidised to (luinone-diinethyldiirnineby Ag 20 (WiLLsUitter,l^Gr.is,22AZ). 
Thionyl- and fo^yl-p-aminodimetiiylaniline (Pinnow, Ber. 27, 602). Nitro-p- 
phenylene-diamine, m.p. 135°, lustrous green needles, is obtained from 1,2,4- 
dinitraniline (Kekrmann, Ber. 28, 1707; Billow, Ber. 29, 2287). 

DIAMINOTOLUENES, TOLUYLENE-DIAMINES. All six isomers are 
known. 


1. 2,3-1 oluylene-diamine, m.p. 61°, b.p, 255° (Lellmann, Ann. 228,243). 

2. 2,4-Toluylene-diamine, m.p. 99°, b.p. 280°. 

3. 2,5-Toluylcne-diamine, m.p. 64°, b.p. 273°. 

4 . 2,6-Toluylene-diamine, 105°. 

5. 3,4-Toluylene-diamine, m.p. 89°, b.p. 265°. 

6. 3,5-Toluylene-diamino, m.p. liquid, b.p. 284° (Staedel, Ann. 217, 200). 

3,4-Toluylene-diamine is the most accessible o-diamine; it is prepared from 
acctyl-p-toluidine: 


^NIICOCHa [4] 


/CII3 [1] 

G,lI,r-NO, 13] 

\NIIC0CII, [4] 


/Oil, [1] 
C,H,^^N02 [3] 
\NII 2 [4] 


/CH. [ 1 ] 
C,H^NH, [3] 
\nHj [4 


2,4-Toluylene-diamine is the starting material for the manufacture of 
toluylene red (Vol. IV). 

^ XYLYLENE DIAMINES. All the eleven possible diamino-xylenes or xylylene- 
diamines have been prepared. Four are derived from o-phenykme diamine: 
(NH2)2fl,2]Me2[3,41,m.p. 89°; -[4,5]-, m.p. 126°; -|3,5]-, m.p. 78°; -[3,0]-, 
m.p. 75°. Four are derivt'd from m-phenvlene diamine: (NH 2 ) 2 fl,3]Me2[4,5], 
m.p. 67°; -[2,4]-, m.p. 66°; -[4,6]-, m.p. 105°; -[2,5]-, m.p. 103° (Noeliing, 
Ber. 35, 636); and three from ?;-phenylenc diamine: (NH2)2[l,4]Mo2[2.3], m.p. 
116°; -[2,6]-, m.p. 104°; -[2,5]-, m.p. 150°. i F 

1,2,3,5,6-, o-Diaminopseudocumene, m.p. 90°. 1,4,3,5,6-p-diaminopseudo- 
cumene, m.p. 78° (Bamberger, Ber. 24, 1647). Diaminomesitylene, m.p. 90° 
(Ladenburg, Ann. 179, 176), clc. 

In the toluylene-diamincs an NH 2 group in the p-position to methyl is more 
easily acylatcd than an NH 2 group in the o- or ?w-positions (Biilow Ber. 35, 681). 
For the influence of a nuclear methyl group on the N-alkylation of phenylene-di- 
amines, see Morgan, Proc. 18, 87). 

o-Aitiino-diphenylamine, NH 2 C«H 4 'NHC 8 H 6 , m.p. 79°, is obtained from 0 - 
nitro-diphenylamine with (NH 4 ) 2 S, and p-amino-diphenylamine, m.p, 76°, 
similarly from p-nitroso-diphenylamine. The p-compound is also formed in the 
electrolytic reduction of nitrobenzene in hydrofluosilicic acid solution. B^erric 
chloride oxidises it to emeraldin (p. 246) (Mover, Ber. 40, 289). p,p'-Diamino- 
diphenylamine, m.p. 158° ^is formed in the semidine rearrangement of p-amino- 
hydrazobenzene (Barhier, Bull. [3], 33, 1232). 
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p-Amino-triphenylamine, NHj CeH4 N(C 8 Hi) 2 , m.p. 145-148®, is formed by 
the reduction of the correg[)onding nitro-compound. A p-chloro-anilino-tri- 
phenylamine, ClC 8 H 4 NHC«Ef 4 N(C«H») 2 , m.p. 77-81®, is the product of a com¬ 
plicated series of reactions occurring when tetraphenyl-hydrazine (p. 149) is 
decompased with hydrochloric acid (Gamlmrjan, Ber. 41 , 3507). 

Condensation of the o-Diamines 

The o~diamines easily form condensation products which usually contain ring- 
systems of 5 or 6 atoms, and which will be dealt with in Vol. IV as heterocydie 
compounds. Neither the m- nor the p-diamines passess this power. The conden¬ 
sations involve the replacement of hydrogen atoms in b(^th amino groups by a 
polyvalent atom or group of atoms. 
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1 . By the action of SO 2 and Se 02 , p'iazo-thioles and piazo-selenoles respectively 
are formed. 

e. With HNO 2 , azimino-henzenes are obtained. 

S. Carboxylic acids and their chlorides and anhydrides, and aldehydes give 
cyclic amidines with o-diamines. These anhydro-bases and aldehydirm (Laam^ 
hurg) are closely related to the glyoxcdims and minazoles. Such condensations 
have also been observed in the reduction of acylated o-nitramino compounds 
(Hobrecker ). 

4 . Cyclic deiivolives of urea and lUourea are formed by the action of COCla, 
CSCI 2 , or CS 2 , or by condensation i * lurea, thiourea, or ammonium thiocyanate 

^ (P. 121)., » ^ ‘ , -r 
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5. Cyclic guanidine derivativee are obtained by the action of carbodiimides 
(p. 99) and phenyl mustard oils (p. 98). 

6, A remarkable reaction of the o-4iamines is that with glyoxal and other 
dicarbonyl compounds, and also with glucase, in which the so-called quinoxalines 
are formed with loss of water (Hinsberg), 

Six-membered rings similar to that formed in the last-named reaction are ob¬ 
tained by: 7. The condensation of o-diamine.s with cyanogen; 8, condensation 
with dihydroxy-benzenes; 9. oxidation of o-phenylene diamine which gives os- 
diaminophtnazine. 10, o-Phenylene diamine dibenzene sulphonates condense 
with alkyleno dihalides, such as CH*l 2 , C 2 H 4 Br 2 , and trimethylene bromide, to 
form cyclic diamines, which lose the benzene sulphonic groups and give the 
corresponding phenylene-alkylene-diamhi^ (Hinsberg, Ber. 28, R 7^). 11. 

Other heterocyclic rings are formed by condensation with oxalic acid and homolo¬ 
gous aliphatic dicarboxylic acids, and with phthalic acid (Meyer, Ann. 327, 9). 
12. o-rhenylerie diamine and phthalic anhydride condense on 1:K)iling to form 
diphthaloyl-o-plienylene diamine and benziminazole-2-phenyl-o-carboxylic acid 
(lAeh, Mo. 39, 873). 

The aminopnenols, o-aminothiophenols, and o-dihydric phenols undergo similar 
condensations to those of the o-diamines. 

Differences between the o-, m-, and p-Diamines 

1 . The p-diamines take part in the formation of dyestuffs of various classes. 
When a mixture of a p-dianiiiie with a primary amine, or a phenol, is oxidised in a 
suitable manner at ordinary temperature, in^rnine and iridophenol dyes, respec¬ 
tively, are formc^d; at higher temj)eratures safranine dyes are produced (Vol. IV). 
When p-diamines containing a free amino group are oxidised with ferric ctdoride 
in the presence of HjS, sulphur-containing dyes of the thiodmhenylamine series are 
formed (Lauth's dyes). On oxidation with Mn02 and HaS04, the p-diamines give 
quinones^ which are easily recognised by their smeUs. For the colour reaction 
with ferric chloride see o-phenylene diamine above. 

2. o-Diamines form azuwi?io-compounds with nitrous acid (see above), w- 
Dianiines, on the other hand, give brown aminoazo-dyes (see phenylene brown, 
p. 143). This is used as a tost lor nitrous acid (Griesa, Ber. 11, 624, 627). With 
excess of nitrous acid and in acid solution both m- ana p-diamines form &t«-diazo 
compounds. 

3. When heated with ammonium thiocyanate the hydrochlorides of the di¬ 
amines give dithiocyanates, e.g., C 6 H 4 (NH 2 HSCN)*. When heated to 120® the 
thiocyanates of o-diamines are converted into cyclic thioureas, e.g., C«H 4 (NH) 2 CS; 
the sulphur is not removed from these compounds by warming with an alkaline 
solution of a load salt. The compounds obtained from m- and p-diamines, on the 
other hand, give an immediate black colour with such a solution (Lellmann’s 
reaction. Ber. 18, R326). 

Jf. Tlie diamines give dithio-urcas with mustard oils. If these products are 
fused, the o-dorivatives decompose into cyclic phenylene-thioureas and dialkyl- 
thioureas, and the melt soon becomes solid. Compounds derived from ?n-di- 
amines melt without decomposition, and those from p-diamines are completely 
broken down ( Lellmann, Ber. 18, R 327; 19, 808). 

S. The o-diamines undergo a number of condensation reactions which are 
given above, and by which they can be distinguished from w- and p-diamines. 
The o-diamines are detected by their behaviour towards phenarUhret^inane 
(q.v.). The reaction with croconic acid is even more sensitive (iVictekt, Ber. 19, 
2727). Quinoxaline derivatives are formed in both these reactions. 

TRIAMINES. The three possible triaminobenzenes are known, though the 
symmetrical compound has only been obtained in the form of its salts. 1,2,3- 
Triaminobenzene, m.p. 103®, b.p. 336® (Salkowaki, Ann. 163, 23), is obtained 
from triaminobenzoic acid, the reduction product of chrysanisic acid. Ijp2j4- 
Triaminobenzene, m.p. below 100®, b.p. 340® is obtained from chrysoidin (Wiit, 
Ber. 10, 659; Griess, Ber. 15, 2196) or diamir zobenzene (p. 142), and from the 
corresponding nitro-amino compounds (Hiv Ber. 19, 1253). On oxidation 
in the air it is converted into a eurhodino Uj idler, Ber. 22, 856). 2,3,4- 
Triaxninotoluene (Ruhemann, Ber. 14, 2657). 
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2,4,6-Triaminotoluene, m.p. 121 is obtained from 2,4,6-trinitrotoluene by 
cataljHic reduction {Hein, Wagner, Ber. 68, 856). Triaminomesitylene, m.p. 
118-119®, see Morgan, J. 123, 228. Di-, tetra-, and hexamethylated triamines, 
see Pinnow, Ber. 29, 1053; 30,3110. 

TETRAMINES. v- or 1,2,3,4-Tetra-aminobenzene is obtained from diquinoyl- 
tetroxime by reduction (Nietzki, Ber. 22, 1649). sym- or 1,2,4,5-Tetra-amino- 
benzene, obtained from dinitro-m-phenylene diamine, shows the reactions of o- 
and p-diamines {Nietzki, Ber. 22, 440). as-or 1,2.3,5-Tetra-aminobenzene, is 
obtained from tetranitrobenzene {Nietzki, Ber. 34, 57), and from picryl-hydroxyl- 
amine by reduction with stannous chloride and HCl. Tetra^acetyl compound, 
m.p. 245® {Borsche, Ber. 56, 1945). 

PENTAMINES. Pentaminobenzene is obtained from trinitro-m-phenylene 
diamine. Pentaminotoluene, CH 3 C 6 (NH 2 ) 5 , is obtained from trinitro-s^ra-toluyl- 
ene diamine {Palmer, Ber. 26, 2304). 

HEXAMINES. Hexaminobenzene, m.p. 247-248® (dccomp.) forms broyvn 
octahedra. and is produced by the reduction of trinitro-triamino-benzene with 
phenylhyorazine {Flurschetm, J. 1929, 330). 

As the number of amino-groups increases the polyamines become less stable and 
more readily oxidised. 

In the .s^///-triaminobeiizenes the NHa groups can be replaced by OH by heating 
with HCl. In this way phloroglucinol is formed from s«/m-triaminobenzene 
{Weidel, Mo. 21, 20; Wenzel, Mo. 22, 983). 


(/) Phenyl-nitrosamines 

Aroinatic nitrosainines arc obtained in the same way as aliphatic 
nitrosamines, by the action of potassium nitrite on the hydrochlorides 
of secondary amines. This reaction may be used to distinguish be¬ 
tween and separate the secondary amines and the primary and 
tertiary amines, since the nitrosamincs can be precipitated as oils 
from the acid solution of a mixture of bases. The phenylnitrosamines 
are converted into p-nitrosoanilincs by the action of gaseous HCl on 
their alcoholic* or ethereal solutions (p. 104): 

yClh 

CellsN^ -► NO[4]Cai4[l]NHCH3. 

Methyl-phenyl- p-Nitroso-monomcthyl- 

nitrosainino aniline 


For the rearrangement of nitrosainines into p-nitrosoanilines see Henrich, Theorie 
der organ. Chemie, 5th. ed., p. 432. 

They give hydrazines on reduction, or break down into ammonia and the 
original secondary bases. For the catalytic reduction of the nitrosamines, see 
Pcuil, Ber. 63 , 57. They are volatile in steam {Hepp, Ber. 10, 329; Reverdin, 
Ber. 22, 1006; Fischer, Ann. 190, 151). They decompose, however, on dry 
distillation. 

The nitrosamines bear a close relationship to the diazo-compounds as well as 
to the secondary amines and the hydrazines. Potassium benzene-diazotate (p. 
120) will isomerise to potassium benzene-isodiazotate, which gives phenyl-methyl- 
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nitrosamine with methyl iodide. This compound gives ew-phenyl-methyi-hydra- 
zino on reduction. Potassium benzene-isodiazotate gives the potassium salt of 
nitranilide on oxidation. This gives phenyl-methyl-nitramine on treatment with 
methyl iodide, which can be reduced to phenyl-methyl-nitrosamine and a«-phenyl- 
methyl-hydrazine. These constitutional relationships are shown in the scheme 
on the preceding page. 

Phenyl-methyl-nitrosamine, C6H8N(CH8)NO, m.p. 12-16® {Bamberger. Ber. 
27, 365, footnote) is obtained from nitroso-phenylglycine, C«H 6 N(NO)CH 2 - 
COOH by boiling with water {Fischer, Ber. 32, 247). The methyl group is split 
off on fusion with potash, and potassium benzene-isodiazotate is formed (p. 120). 
In the cold, phenyl-methyl-nitrosamine in aqueous, alcoholi^ or acetic acid 
solution, forms a hydrochloride with HCl, [C6H6N{N0)CH3]HC1 (an analogous 
hydrobromide is formed with HBr: Fischer, Ber. 45, 1098). On boiling or heat¬ 
ing it is converted into the isomeric p-nitroso-methylaniline {Haritzsch, Ber. 35 
2976). Phenyl-ethyl-nitrosamine, C 6 H 6 N(C 2 H 6 )NO, is a yellow oil, smelling of 
bitter almonds {Griess. Ber. 7, 218). Phenyl-n-butyl-nitrosamine, is a bright- 
yellow oil, volatile with steam. It is reduced by zinc dust in a mixed solvent of 
acetic acid and alcohol to phony 1-n-butyl-hydrazine {Reilly, Hickinbottom, J. 
Ill, 1026). Diphenyl-nitrosamine, (C 6 Ht) 2 NNO, m.p. 67°, forms pale-yellow 
plates. It dissolves in cone. H 2 SO 4 with a dark blue colour, and its solution in 
oenzene loses NO on heating. In alcoholic solution it is exceedingly readily hydro¬ 
lysed by traces of mineral acids {Marqueyrol, Bull. 11,804; 15,510). For further 
aromatic nitrosamines see Bamberger, Ber. 33, 100. 

NITROSOANILIDES. These substances are more closely related to the diazo¬ 
compounds even than the phenyl-alky 1-nitrosamines. They are obtained (1) 
by tne action of nitrous acid on the acetic acid solution of anilides, and {2) from 
n- or iso-alkali diazotates in alkaline solution by the action of acid chlorides. They 
are broken down again into anilides and nitrosyl chloride, NOCl, by the action of 
HCl gas, and on reduction the anilides are always regenerated. With alkalis, on 
the other hand, the acyl-group is removed, even in the cold, and alkali diazotates 
are formed. With potassium sulphite, nitroso-acetanilide gives benzene diazo- 
sulphonic acid, and phenyl-hydrazine aisulphonic acids. With benzene it gives 
nitrogen and diphenyl {Bamberger Ber. 30, 366; Hantzsck, Ann. 325, 226). 
Nitroso-acetanilide, C6H6N(N0)C()CH|, m.p. 40®. Nitroso-formanilide, CcHj- 
N(NO)CHO, m.p. 39°. p-Bromo-nitroso-acetanilide, yellow needles, exploding 
at 88°. Nitroso-diphenylurea, C6H6N(NO)-CO-NHCeH*, m.p. 82° (decomp.), 
reacts like nitrosoanilidcs. 


(gr) Phenyl-nitramines* 

Nitranilide, ph€tiyl-?nlramvn.c, phenyldinzoiic acid, C6H5NH-N02 or CeH^N:- 
NOOH (for the formula C«HfiN(0):NOH, see llantzsch, Ber. 64, 656), m.p. 
46°, forms colourless crystals. It is obtained: 1. By oxidation of potassium 
benzene-n-diazotate or -iso-diazotate with potassium ferricyanide or potassium 
permanganate (Ger. Pat. 77,397), when it is formed together with the isomeric 
nitroso-phenyl-hydroxjrlamine, C 6 HsN(NO)OH {Bamberger, Ber. 42 , 3568). 

By nitrating aniline with nitrogen pentoxide {Bamberger, Ber. 27, 585, c/. Rom- 
burgh, Ber. 29, 1015; Hoff, Ann. 311, 91), or with nitric acid in acetic acid solu¬ 
tion, or with KOCiHfi and ethyl nitrate {Angeli, Atti. Accad, Lincei 14, [ 1 ], 
127). 3. By the action of sodium or KOC 2 H 5 on an ethereal solution of aniline 
and ethyl nitT&te {Bamberger, Ber. 53,2321). 4- I^y tjie decomposition of diazo¬ 

benzene perbromide with alkalis, when nitrosobenzene is also formed {Bamberger, 
Ber. 27, 1273: Ger. Pat. 77,264). 5, By the action of nitryl chloride on aniline 
{Bamberger, Ber. 27, 668 ). 6. From aniline nitrate by removal of water by 
means of acetic anl^dride, in the same way as acetanilide is obtained from 
aniline acetate {Hoff, Ann. 311, 99). Nitramines are also obtained from 
diazotates by the action of caustic alkalis in the cold (Br. Pat. 307,965). The 
presence of a nitro-group in the w-position facilitates the formation of nitramine 
(U. S. Pat. 1,752,998; MacdotUiy Gazz. 60. 408). Methods 1 and 6 have been 
used for preparing a number of substituted nitramines. 

* H. J. Becker, Die Nitramine, Stuttgart, 1912. 
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Properties and reactions, —Nitramine isomerises in the lights on heating, or in 
the presence of mineral acids, forming a mixture of o* and p-nitranilinos. It is 
probable that nitramine is an intermediate product in the nitration of aniline. 
When reduced with sodium amalgam it forms sodium t«o-diazotate, which is 
then further reduced to phenylhydrazine (Bamberger^ Ber. 27, 1181). With zinc 
and acetic acid it forms a diazbnium salt. Its potassium salt, C 8 H 6 N 2 O 2 K, and 
its sodium salt form shining white leaflets. The formula C6H6N:N(0)0H is 
assigned to the salts, but the free acid is C«H6NH.N02 (Hantzsch, Ber. 64, 656). 
With nitric acid it forms ^enyl-diazonium nitrate. Its a-methyl ester, phenyl- 

metbyl-nitramine, PhN^ , is obtained by the action of methyl iodide on the 
^NOj 

sodium salt. It melts at 39®, and rean-anges into o- and p-nitromcthylanilines 
in the presence of H2SO4. When heated with caustic potash it gives methyl- 
aniline, and on reduction gives methyl-phenyl-nitrosamine, as-methyl-phenyl- 
hydrazine and monomethylaniline. The silver salt gives methyl /3-diazobon- 
zenate, PhNiNOOCHj, a yellowish-brown oil smelling of heliotrope, with methyl 
iodide (Bamberger y Ber. 27, 359; Hantzschy Ber, 31, 177; Bamberger y Ber. 31, 
674). For the action of H2SO4 on substituted nitramincs see Reverdiny Bull. 11 , 
486; for the nitration of nitramines see Macciottay Gazz. 61, 773, 777. 

HOMOLOGOUS NITRAMINES. The «p?n-trisubvstituted phenyl-nitramines 
in which the positions o- and p- to the amino-group are occupied do not undergo 
the rearrangement to nitranilines. They are unaffected by mineral acids, and are 
obtained from the corresponding anilines by direct nitration with HNOs. 

o-Benzyl-nitramine is a colourless oil. p-Benzyl-nitramine, m.p. 52®. Pseudo- 
cumenyl-nitramine, m.p. 87®. o-, w-, p-Nitrophenyl-nitramine, m.p. 65®, 92®, 
and 111®, respectively (Baniberger. Bor, 28, 399). 3.5-Dinitro-p-tolylmethyl- 
nitramine, (N02)2C8H2(CH3) .N(CH3)N02, m.p. 138®, is obtained by the action 
of nitric acid on dimethyl*^-toluidine (ftomburgh^ Ber. 29, 1015). Nitro-w- 
xylyl-nitramine, m.p. 90-91® is obtained by the action of potassium ferricyanide 
on the potassium isodiazotate of l-nitro-3,6-xylidine (Bamberger y Ber. 53, 2321). 

2,4,6-Trichloro-phenyl-nitramine, m.p. 135®. 2,4,6-Tribromo-phenyl-ni- 
tramine, m.p. 144® (Ortony Proc. 21^ 91). 2,4-Dinitro-phenyl-nitramine, m.p. 
101® (decomp.) is obtained by the action of cone, nitric acid on o- and p-nitraniline 
or 2,4-dinitraniline (ZinckSy Ann, 339, 229). 2,4,6-Trinitro-phenyl-nitramine, 
m.p. 208-215°. is highly explosive, and is obtained as a by-product in the nitra¬ 
tion of aniline (Witty Ber. 41, 3094; 42,2959). For the reaction of this compound 
with bases see van Duiny Rec. 38, 89. 2,4,6-Trinitrophenyl-methyl-nitramine, 
an explosive known under the name of tetryly m.p. 125-130°, is obtained by the 
nitration of mono- or di-methylaniline (Davis^ Am. 46,1063). 

Qi) Diazo-compounds* 

The aromatic diazo-compounds, because of their ready conversion 
into the most diverse substitution products of the aromatic hydro¬ 
carbons, and as intermediate steps in the formation of azo-dyes, are 
equally important both from a scientific and an industrial standpoint. 

The term “aromatic diazo-compounds^' comprises three constitu¬ 
tionally different, but readily interconvertible classes of substances; 
the diazonium salts, the diazo-hydrates, and the metallic salts of the 
latter, or diazotates. 


1. Diazonium Salts 

The behaviour of the primary aliphatic amines towards nitrous 
acid was particularly pointed out in Vol. I (p. 194). The amino- 
group can by this means be replaced by hydroxyl. The reaction 


* K, H. Saunders^ The Aromatic Diazo-compounds, London, 1936. 
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corresponds to that of ammonia with nitrous acid, which gives 
nitrogen and water: 

NH4CI + HNO2 « H2O + N2 + H2O + HCL 
CzHftNHjCl + HNOa « CjHsOH + N, + HjO + HCl. 

An exception to this reaction was mentioned (Vol. I, p. 458): those 
aliphatic amines, in which the carbon attached to the amino-group is 
also attached to an acid radical such as COOR, CN, COR, form 
aliphatic diazo-compounds on treating their salts with nitrous acid 
in a not too strongly acid medium. Ethyl aminoacetate, for ex¬ 
ample, gives diazoace tic ester: 

[COOCjHaCHaNHd+Cl- + HNO* - COOC 2 H 5 CHN, + 2 II 2 O + HCl. 

An analogous reaction, which occurs in the moderated action of 
nitrous acid on the salts of primary aromatic amines, had been 
observed much earlier. If nitrous acid is allowed to act upon these 
salts without cooling, the result is the same as with aliphatic amines, 
the amino-group being replaced by hydroxyl: 

[CiHiNHal+Cl- + HNOi “ CaHjOH + N, + H2O + HCl. 

In the cold, however, no nitrogen is given off, but three hydrogen 
atoms of the cation are re})laced by one nitrogen atom, and a diazo- 
nium salt is formed: 

(CeHjNHal+Cl- + HNO2 « C^HaNj+Cl- + 2H2O. 

Phenyl'diassonium 

chloride 

Most of these diazonium salts are readily soluble in water, and 
therefore remain in solution as ions, the anions being Cl~, HSOi"", 
NOs"", etc.y according to tht; amine salt used. If the solution is 
heated, nitrogen is evolved and one hydroxyl group replaces the 
nitrogen given off, converting the diazonium salt into the electrically 
neutral phenol: 

(CoHJSTil^ + HOH « CJIfiOH + N, + H+. 

The aromatic diazonium salts differ from the aliphatic diazo- 
compounds in the fact that in the former the group RN 2 is a cation 
containing the unchanged aryl group, e.gr., Ph, of the amine used, 
while in the formation of the aliphatic diazo-compounds, the carbon 
atom to which the NH 2 group was attached loses a H atom. This 
hydrogen is not a neutral atom, but a hydrogen nucleus (proton), 
which takes the positive charge with it, and leaves an electrically 
neutral molecule, such, for example, as diazo-acetic ester. 

Methods of formation of the diazonium salts. — (la) Nitrous fumes, 
prepared by heating arsenous oxide with nitric acid, are passed into 
an aqueous paste of the salt to be diazotised. The mixture is cooled 
with ice. The diazonium salt is precipitated from solution by a 
mixture of alcohol and ether. 

(lb) To the cooled solution of the salt to be diazotised a quantity 
of acid equivalent to the amount of KNO 2 or NaNOa to be used is 
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added, followed by the nitrite itself. The mixture must be efficiently 
cooled. 

C3iNH,HCl + HCl + KNOj =• + 2H,0 + KCl. 

{Ic) Feebly basic amines, such as diuitraniline, which do not form salts in 
aqueous solution, are dissolved in cone. HNO3, and the necessary amount of 
potassium metabisulphite to effect the reduction of the nitric acid to nitrous acid 
IS added (Wiit, Ber. 42, 2966): 

2 C 6 H 6 NH 2 HNOS + K 2 S 2 O 6 + 2HNO, =» 2 C 6 H 5 N 2 NO 3 -f K 2 S 2 O 7 -f 4H,0. 

The amine may also be dissolved in cone. H2SO4 and solid NaN02 added. This 
really means that the diazotisation is effected with nitrosylsulphuric acid (Claus. 
J. pr. 56, 48; cf. Ann. 266, 224). In many cases diazotisation can be carried 
out with advantage by the action of nitrosylsulphuric acid on the amine in acetic 
acid solution. 

In other cases, e.g.^ in the diazotisation of the mono-nitranilines, the substance 
may be dissolved in concentrated acid, diluted with water, and nitrite solution 
allowed to trickle in to the cooled liquid, regardless of the tree amine separating 
out by hydrolysis. The amine re-dissolves as a diazonium salt. Even those 
amines wtiich are very feeble bases and are easily liberated by hydrolysis from 
their salts, form diazonium salts which are not hydrolysed at all, because they are 
quaternary salts. 

2. Since the diazonium salts are much more soluble in water than 
in alcohol, the solid salts are prepared with advantage in alcoholic or 
acetic acid solution using alkyl nitrites as the diazotising agents 
{Hantzsch, Ber. 34, 3338). 

Industrially some other methods are used to obtain solid diazonium salts (see, 
for example, Ger. Pats. 94,495 and 94,948). 

Sometunes the diazo-group migrates in a peculiar way when solutions of dia¬ 
zonium and aniline salts are mixed. Thus, nitro-phenyl-diazonium chloride and 
toluidine rearrange to give toluene-diazonium chloride and nitraniline (Schraube, 
Ber. 29,287). This occurs presumably via an intermediate diazoamino compound: 

NO 3 C 6 H 4 N 2 CI 4- C6H4(CH3)NH2 - HCl + 

NO2C6H4N: N • NHC6H4CH3 ^<-- arrangemcnt^ 

NOjC,ILNH N;NC,H 4 CH, , NOaC.H.NHj + CH3C.H4N1CI. 

3. The nitrate of an amine is reduced with zinc dust and HCl (Ger. Pat. 
25,146). 

C 3 H 6 NH 2 NO 3 H -b Zn -f 3HC1 « CcHjNjCl + ZnCh 4- 3 H 2 O. 

4 . By the action of hydroxylamine on nitrosobenzenes: 

CcHbNO 4- H 2 NOH » CeH^NaOH + H 2 O. 

5. When nitric oxide is passed through a chloroform solution of nitrosobenzene, 
phenyl-diazonium nitrate separates out (Bamberger^ Ber. 30, 512), 

C^HfiNO 4- 2NO « CJIBN 2 NO 3 . 

6. By the hydrolysis of nitroso-acetanilide by means of caustic potash. 

7. By the action of sodamide on nitrobenzene (Bamberger, Ber. 37, 629). 

8. By the action of caustic soda on a mixture of phenylhydroxylamine and 
benzene-sulphohydroxamic acid (Angeli, Ber. 37, 2390). 

C^H^NHOH + CfiHBSOa -NHOH -f- NaOH » CeHiNsOH 4- CcHaSOaNa + 2 H 2 O. 

9. Salts of phenylhydrazine are treated with HgO, or the f^e phenylhydrazines 
in alcoholic solution are treated with chlorine or bromine at a low temperature. 
This is a useful method for the preparation of solid diazonium salts (p. 116). 



DIAZONIUM SALTS 


115 


10, Thionyl-phenylhydrazino (p. 154) is treated with thionyl chloride, acetyl 
chloride, or other acid chlorides (Michaelis, Ann, 270 y 116). 

CeHfiNHNiSO + CHaCOCl « CoH^NaCl -f S -f CH 2 CO 2 H. 

Properties, —^The aromatic diazonium salts are usually crystalline, 
colourless substances, which turn brown in the air. For the effect of 
light see Schmidt, J. pr. 132 , 153. They arc readily soluble in water, 
sparingly in alcohol, and are precipitated from their alcoholic solu¬ 
tions by the addition of ether. For eilectrical conductivity and 
cryoscopy see Goldschmidt, Ber. 28, 1734,2020. They arc, in general, 
very unstable (Hirsch, Ber. 24 , 324), and decompose with explosive 
violence wh(‘n heated or struck. Stable diazonium-compounds are 
obtained by precipitation by salts of aromatic polysulphonic acids in 
the presence of salts of metals of Group II in the periodic system 
(Fr. Pat. 697,425). Diazonium salts are very reactive, and can react 
readily and smoothly in a great diversity of ways. Tliey can be 
reduced to hydrazines, or oxidised to nitramines, the nitrogen being 
retained in the molecule, or the azo-nitrogen can be split off, and the 
diazo-group can be directly replaced by hydrogen, halogens, hydroxyl, 
and other groups. 

History and constitution. —The diazo-compounds were discovered at the close 
of the 1850*s by Griess (Ann. 137, 39). He regarded them as addition products of 
C 6 H 4 N 2 and acids such as HCl. KekuU (Z. Chem. [N.F.] 1866, 2 , 308; Chemie 
der Benzolderivative, 1 , 223) proved that the N 2 group replaces only one ^drogen 
atom in benzene, so lhat the chloride is not C 6 fl 4 N 2 HCl but CeHeN^Cl. This was 
clearly established by LdrnprlchCs discovery (Ber. 10 , 1637) of diazonium salts 
and betaines formed from aniline salts in which the five remaining hydrogen atoms 
are replaced, e.g.y tetrabromo-sulphanilic acid. KekuU formulated phenyldiazo- 
nium chloride as CeHs—N=N—Cl, but Blomstrand (1896), Slreckery and Erlen^ 
meyeVy Sr., regarded it as an ammonium salt, writing it as Ph—^N:=sN with penta- 
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valent nitrogen, according to the theory then prevailing. Since then these salts 
have been referred to as ^‘diazonium salts'^ instcjad of the earlier term ‘‘diazo¬ 
benzene chloride*' or “acid salts of diazo compounds." 

At present the diazonium salts are formulated after Blomstrandy as ionic com¬ 
pounds: [R'NNl+Cl". The formerly controversial question as to which of the 
two nitrogen atoms the acid residue is linked thus becomes irrelevant. The dia¬ 
zonium salts are thus regarded as salts of a univalent positive ion. In favour of 
this view Hantzschy in particular, has put forward many arguments Solubility, 
cryoscopic behaviour and conductivity of the solutions, stability in water whUe 
the salt of the corresponding amine is hydrolysed, the fact that the perchlorates 
are sparingly soluble like those of potassium and ammonium and the tendency of 
diazonium halides to attach free halogen molecules to the halogen ion, forming 
sparingly soluble crystalline perhalides, e.g.y phenyldiazonium perbromide [C^Hs- 
N 2 i ■^Br*~Br 2 , are in favour of this structure. The stable crystalline perhalides are 
characteristic of bulky cations such as rubidium and caesium, and tetra-alkyl- 
ammonium (Hantzschy Ber. 28, 1734; 32 3135; 48, 1344). 

The transformation by nitrous acid 01 aryl-ammonium salts into diazonium 
salts may be regarded as a simple replacement within the cation of three protons 
by one N+++ from the nitrous acid, the anion not taking part at all: 

j^C,H.— + HNO 2 = [C.Hs—N=N—]+ + 2lhO. 

Since N+++ denotes a nitrogen atom wliich has lost three of its five valency elec¬ 
trons, the /3-nitrogen of the diazonium group still has one pair of electrons free; 
these are represented in the above formula by a dash. 
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It may be suppased that the action of nitrous acid on aliphatic aminels also 
takes place through the formation of a diazonium salt. If the carbon atom linked 
to nitrogen is linked also to three other atoms, the diazonium cation cannot 
exist, but immediately loses nitrogen. In ethyl aminoacetate, on the other hand, 
the acid effect of the ester group loosens the protons of the CH 2 , and enables one 
of them to dissociate: 


COOCaHfii 
H-i-n 

L ]ir=:N-1 


COOC,H, 
-> H—i— 


COOCiH, 

Il-i 

A B 

Diasoaoetio ester 


In the resulting diazoacetic ester, the group RNj is stabilised and passes from 
the state A into the state B. On the other hand, if the aliphatic diazo-compound 
is brought into a strongly acid medium, a proton is taken up by the electron pair 
of the carbon in A, the diazonium cation with four atoms attached to the carbon 
being re-formed, and as a consequence nitrogen is evolved: 

COOCjHrCHN, + H+-> [COOC2H*CH*N2]+ + HOH-> 

COOCiHi CHiOH -1- N, + H+. 

In an aromatic amine there is no proton attached to the carbon atom to which the 
amino-group is linked, and therefore none can be dissociated. The fact that 
the diazonium group exists as a cation is explained in this case by the fact that the 
ring possesses a pair of electrons which can be made available temporarily at least, 
for external purposes, thus enabling the compound to assume a state resembling B. 
The existence of aromatic diazonium salts and of the radical and cation of tri- 
phen 3 rl-methyl (VoL IV) are analogous phenomena. In both cases, bromine in the 
p-position is readily replaced by chlorine, a fact which indicates the strain to 
which the rini^ is expos(^. 

The rate of diazotisation of various aromatic amines has been determined by 

DIAZONIUM SALTS. Flienyldiazonium chloride, benzene diazonium chloride, 
CeH 6 N 2 Cl, colourless needles (Knoevenagel, Bor. 23, 2996; 28, 2053: Hnntzsch^ 
Ber. 34, 3338). Chloroplatinate, [ 0 ^ 115 ^ 212 PtCl«, yellow prisms. Chloraurate, 
[C«H6N2]AuCl4 (Grieas, Ann. 137, 52). Chloromercurate, [CeH 6 N 2 ]-HgCb, 
white needles, decomp. 122®. 

Phenyldiazonium bromide, C 6 H 5 N 2 Br, separates in white leaflets when bromine 
is added to an ethereal solution of diazoaminobenzene. Tribromoaniline remains 
in solution. The double salt with Cu 2 Br 2 forms reddish-yellow needles and is 
decomposed by water into Cu 2 Brj, nitrogen, and bromobenzene. {Hantzsch, Ber. 
28, 1741). 

PHENYLDIAZONIUM FLUORIDES such as C6ll63Sr2F • HF and phenyl¬ 
diazonium azide^such as N02C6H4N2*N3, see Hantzsch, Ber. 36, 2056, 2059). 

DIAZONIUM PERHALIDES. The diazonium halides easily add on two more 
halogen atoms. Of the ten possible combinations of the three halogens Cl, Br, I. 
all except the trichloride have been prepared. It is to be noted that the compound 
C*H 6 N 2 ClBrI can be obtained from the chloride by the action of BrI and from the 
bromide by the action of ICl {Hanizsch, Ber. 28, 2754). Phenyldiazonium per- 
bromide, C 6 H 6 N 2 Bri is precipitated from the aqueous solution of the nitrate, by 
the addition of bromine in HBr, or by sodium bromide. It is readily obtained by 
the action of an excess of bromine on phenylhydrazine dissolved in acetic acid 
(Ckissin), It is a dark brown oil, whidh rapidly crystallises. It is insoluble in 
water and ether, and crystallises from cold alcohol in yellow leaflets. By pro¬ 
longed washing with ether it is converted into the diazonium bromide. It de¬ 
composes in moist air with the formation of phenol and tribromophenol. It be¬ 
haves chemically as a mixture of a diazonium bromide and free bromine (Bulow, 
Ber. 41, 2607). Thus, many substances react with it with simultaneous forma¬ 
tion of hydrogen bromide and phenyldiazonium bromide, the substances being 
brominat^. By the action of aqueous ammonia on the porbromide, diazobenzene- 
imide (phenyl-azide) is obtains (p. 132). When treated with alkali it forms 
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nitrobenzene and an alkali benzene diazotate (p. 111) • When boiled with alcohol 
it gives bromobenzene (p. 12^. 

Phenyldiazonium nitrate, [CsHs-NsINOj, forms long, colourless needles, which 
explode more violently than mercury fulminate or nitrogen iodide when gently 
heated, or when struck, or compressed. 

Phenyldiazonium sulphate, [CeH^slHSOi, forms colourless prismatic needles, 
which explode at 100It is obtained cither from the nitrate by the action of suU 
phuric acid, or from aniline sulphate by diazotisation (Knoevenagd, Her. 28, 
2049). 

Phenyldiazonium perchlorate, [CeHtNsJClOi, is^ like potassium perchlorate, 
difficultly soluble in water. It separates in prismatic needles when perchloric acia 
is added to an aqueous solution of the diazonium chloride. It explodes violently 
even in the damp condition. ( Vorlander, Ber. 39, 2713^ 3146). 

Oxalate (Hantzsch, Ber. 28, 2059). Carbonate, nitrite, acetate, see Hantzsch, 
Ber. 28, 1741. 

The diazonium cyanides have been obtained in the form of their double salts 
with silver cyanide, c.p., p-bromophenyl-diazonium silver cyanide, BrC 6 H 4 Ni- 
(CN) -AgCN {Hantzsch, Ber. 30, 2546; cf. also anisole-diazonium cyanide. Eider, 
Ber. 34, 4166). The diazonium cyanides isomerise very readily to diazocyanides 

(p. 121). 

^'Diazobenzene thiocyanate,” CeHjNj.SCN, is a yellow, very explosive sub¬ 
stance obtained by the action of potassium thiocyanate on phenyl diazonium 
chloride. Apparently the compound is not really a diazonium sal^ but belong 
to the mixed azo-typo. p-Chiorodiazobenzene ^ocyanate, CIC 8 H 4 NJ.SCN, 
readily isomerisos to p-thiocyano-phenyldiazonium chloride (CNS)C 6 H 4 NjCl. 
An excliange between nuclear substituted atoms and the anion of diazonium salts 
has been observed in a number of cases. It occurs only with substituents in the 
0 - or p-positions. Thus, 2,4-dibromobenzene-diazonium chloride gives a chloro- 
bromohenzcnediazonium bromide, and 2,4,6-tribromoben2enediazomum chloride 
gives dibromochlorobenzenediazonium bromide {Hirech, Ber. 31,1253; Hantzech, 
Ber. 33, 505 ; 36, 2069). 

p-Phenylene-bisdiazonium chloride, CtH 4 (NsCl)), forms yellow needles, and is 
veiy explosive {Hantzsch, Ber. 30, 92). 


S. Diazohydrates and Diazotates. Isomerism 

The diazotates and diazohydrates belong, according to their gener¬ 
ally accepted constitution, to the type R—N=N—Y. With this 
arrangement of nitrogen atoms they would be classified as mixed 
azo-compounds {Angelij however, regards them as mixed azoxy- 
compounds). The fact, however, that in the diazohydrates and 
diazotates the groups Y = OH and O"" are present, causes a displace¬ 
ment of the stage of oxidation and makes these compounds colourless. 
They are, further, closely related to the diazonium salts, so that they 
may justly be treated with the latter as ‘‘aromatic diazo-compounds.^' 
Compounds of the mixed azo-type in which R = aryl, and Y == CN 
(the so-called diazobenzene cyanides), SOaH (so-called diazobenzene 
sulphonic acids), or SO 2 R, are also usually regarded as belonging to 
this class. Although these substances show the intense colours of 
azo-compounds they are in equilibrium with the corresponding di- 
azonium-salts, [R*NN]+Y~. They will therefore be dealt with here. 
The yellow diazoamino-compounds (Y = NHR, where R is an aro¬ 
matic radical) also readily split off a diazonium cation, [X-NN]^, 
and will also be considered. Those mixed azo-compound, on the 
other hand, which are not reversibly connected with diazonium com¬ 
pounds, will be dealt with later with the azo-compounds. 

When solutions of diazonium salts are made alkaline, the diazonium 
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cation and OH' ions can exist together in very dilute solution, as the 
absorption spectrum shows (Hantzsch, Ber. 45, 3031). At higher 
concentrations, however, the two combine, and the constitution of the 
diazo group changes, and a diazohydrate is formed: [R—NsN]+ + 
OH’" —> R—N=N—OH. This diazohydrate is not a base, but an 
acid, and reacts with a second hydroxyl ion with salt formation; 
r_N=N—OH + OH- [R—N=N—O]- + H 2 O. The diazo- 
nium salt thus reacts with two equivalents of alkali to form an alkali- 
diazotate: [R—N^N]+C1- + 2KOH [R—N=N—O]+ 

KCl + H 2 O. This conversion of a diazonium salt into a diazotate is 
reversible. By the action of acids the diazotates, and the diazo¬ 
hydrates thus liberated, form diazonium salts. 

The diazotates themselves exist in two forms: the and the 
^'iso^’-diazotates. The normal diazotates are the compounds formed 
first, but they change into the iso-diazotates to some extent at ordi¬ 
nary temperatures, or on heating {Bambergery Ber. 29, 455). The 
latter differ from the n-diazotates in that they ‘‘couple" with aro¬ 
matic amines or phenols to give azo-dyes, either not at all or with 
great difficulty (Schraube and Schmidt, Ber. 27, 514). 

To explain this difference it was first assumed that the normal 
diazotates were derived from the type R—N=N—OH, whilst the 
iso-diazotates, which give phenyl-methyl-nitrosamines when treated 
with methyl iodide, were regarded as metallic salts of the primary 
nitrosamincs, R—^NH—NO, being desmotropic isomers of the iso- 
diazotates themselves. This explanation was proved to be false by 
Hantzsch (Ber. 35, 226, 2964; 45, 3036), who obtained in a number of 
cases, colourless, distinctly acidic primary products on treating iso- 
diazotates with acids. These products combine with dry ammonia to 
give ammonium iso-diazotates, and react with phenyl-isocyanate as 
hydroxyl compounds. After a time, especially when dissolved in 
indifferent solvents like benzene, they rearrange into yellow, less 
acidic nitrosamines. In other solvents, e.g,, in ether, these nitros- 
amines are partly reconverted into iso-diazo hydrates, and they are 
reconverted into iso-diazotates by caustic alkalis. The primary 
nitrosamincs are thus special desmotropic forms of the hydrogen 
compounds, and are not the acids of the iso-diazotates. This makes 
altogether four different isomeric forms: diazonium hydroxide, 
existing only in very dilute solution in the form of ions, the normal 
and iso-diazo-hydrates, and nitrosamine. They are all intercon¬ 
vertible: 

[R—N^]+OH- ;;:± R—N=N—OH R NH NO. 

(n and %8o) 

It is to be observed that the free n-diazohydrates are unknown, since 
they either anhydridise or rearrange at once into other isomers. In 
water the dominant equilibrium is that between diazonium ions and 
hydroxyl ions on the one side and diazohydrate and its anions on the 
other. The equilibrium varies with concentration, the pH of the 
solution, and the substituents in the aromatic nucleus. 

According to Hantzsch, the isomerism of the diazotates is not to be 
regarded as structural isomerism, but as stereoisomerism, and more 
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particularly as ds-trans isomerism about the N—N double bond (c/. 
Vol. I, p. 36 and this vol., p. 273, benzaldoximc) as shown by the 
formulae: 


Ph—N Ph—N 

Kfo—Ir Ir—OIK 

«]/n>Diazotate (n) anei-Diazotate (»«o) 

The difference in ease of coupling and other differences between the 
normal and iso-diazotates is explained by Hantzsch as due to the 
greater energy content of the normal, or 52 /n-diazotatcs. The two 
forms could also be called labile (n or syn) and stable (iso or anti) 
diazotates (cf. dynamic isomerism, Vol. I, p. 34). 

AngreM (Ber. 59,1400; 62,1924,2101; 63,1977), on the other hand, 
regards the normal and iso-diazotates as structurally isomeric, like 
the as-azoxy-compounds (p. 134), the ri-diazotates having the oxygen 
attached to the jS-nitrogen, and the iso-diazotates to the /S-nitrogen. 
The (hypothetical) normal hydrate would then be R—N(0)=NH, 
and the isohydrate R—N—(0)NH. In terms of the octet theory the 
oxygen atoms in the above formulae would be said to be linked by 
semipolar bonds, as in the amino oxides, azoxy-compounds, etc,, and 
the formula of the isodiazo hydrate would differ from the customary 
hydroxyl formula only by the position of the proton, a difference 
which disappears when salt formation takes place. Hence there is no 
constitutional difference between the formulae of Hantzsch and Angeli 
as regards iso-diazotates, though there is a difference with that of the 
ri-diazotates, Cambi and Szegoe (Ber. 61, 2087) have found a band 
in the ultra-violet absorption spectrum of the iso-diazotates which 
does not appear in that of the n-diazotates, and conclude that the 
isomerism cannot be merely spatial. For Hantzsch^s counter-argu¬ 
ments see Ber. 66, 667; 62, 1235; 63, 1270; 64, 655. Hantzsch^s 
view is supported by the fact, not easily reconciled with the \iew of 
Angelif that the normal diazotates are the first to be formed from 
diazonium salts, and that they couple more easily to form azo-dyes, 
and also that a similar type of isomerism occurs with labile and stable 
forms of diazo cyanides and other compounds which are undoubtedly 
of the mixed azo type, R—N=N—^X. An argument in favour of 
Angelins view, on the other hand, can be found in the formation of 
iso-diazotates from the primary nitrosamines, in which the double 
bond between the nitrogen atoms is not present, whereas n-diazotate^ 
are not directly produced from these compounds. 

(a) NORMAL (syn- or LABILE) DIAZOHYDRATES. These compounds 
are not known in the free state. When attempts are made to liberate them from 
their potassium salts by the addition of acids, under certain conditions, extremely 
unstable, explosive yellow precipitates are obtained, which ^pear to be anhy¬ 
drides, and not hydrates, e.g,, diazobenzene anhydride, [CiIl 6 Nj) 20 , and p- 
chlorodiAzobenzene anhydride, [ClCeH4N2]20. These substances dissolve in 
acids to form diazonium salts, and in alkalis to form diazotates. They ^ve 
5is-diazoamino compounds with ammonia, diazoamino compounds with anilme, 
diazo-cyanides with hydrocyanic acid, and diazo-sulphones with benzene-sul- 
phinic acid (Bamberger, Ber. 29, 451; Hantzsch^ ibid, 31, 637). Phenyl-diimide 
nas been observed as an unstable intermediate product in the reduction of the 
normal diazo-hydrate (Angdi^ Ber. 62,2009). 
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n-Potassitim phenyldiazotate, CeHsNiOK, is formed when a saturated aqueous 
solution of phenyldiazonium chloride is slowly added to an excess of a concentrated 
solution of caustic potash (Ba^nherger, Ber. 29 ^ 461). It forms soft nacreous 
flakes^ which can be reconverted into phenyldiazonium chloride. The corre¬ 
sponding sodium salt is obtained in small quantities when sodamide acts upon 
nitrobenzene {Bamberger. Bor. 37,629), or when liydroxylamine acts upon nitraso- 
benzene in alkaline solution {Hautzsch, Ber. 38, 2056). Potassium phenyldiazo- 
tate reacts with alcohols even in the cold giving diazo-esters (Bamberger^ Ber. 29, 
448). On reduction phenyIhydrazine is obtained (Hantzsch , Ber. 30,339). Oxida¬ 
tion of alkaline solutions of benzene diazonium compounds with potassium ferri- 
cyanide, potassium permanganate or hydrogen peroxide gives mainly phenyl- 
mazoticacid, in addition to small amounts of nitrosobenzene (p. 67), nitroben¬ 
zene (p. 60), azobenzene (p. 137), nitroso-phenyl-hvdroxylaniine (p. 70) and 
diphenyl. n-Potassiurn phenyIdiazotate is converted by benzoyl chloride and 
sodium hydroxide into nitrosobenzanilide, CeHsN(NO )‘000865 (Bamberger^ 
Ber. 30, 214; Hantzsch, Ber. 32, 1718). Salts of the heavy metals have been 
obtained by precipitating a solution of the potassium salt with salts of the metals 
(Curtins, Ber. 23, 3035; Bamberger, Ber. 28, 226). 

Diazobenzene methyl ether, C^sNiOOHa, isomeric with methyl-phenyl-nitros- 
amine (p. Ill) is obtained by the action of methyl iodide on n-, or better, iso- 
silver pheny Idiazotate, by the action of methyl alcohol on potassium pheny 1- 
diazotate, or by reducing the methyl ether of nitroso-phenyl-hvdroxylamine 
(Staudinger, Ber. 49j 1961, 1969). It is a yellow oil, volatile, and possessing a 
j^netrating, stupefying odour; it darkens rapidly on exposure to air, and de¬ 
composes spontaneously soon after having been prepared, o- and p-Nitrodiazo- 
benzene methyl ethers, NO 2 C 8 H 4 N 2 OCHJ, see Bamberger, Ber. 28, 227, 236. 
When acted upon by alkali in the cold the diazo ethers give normal diazotates 
(Hantzsch, Ber. 36. 4361). 

Di-p-nitrophenyldiazo-sulphide. (N02C8H4N2)2S, is an egg-yellow, very ex¬ 
plosive substance obtained by adaing H 2 S to a neutral solution of the diazonium 
chloride. With benzene it gives p-nitrodiphenyl, nitrogen, and sulphur, to¬ 
gether with some di-p-nitrophenjd aisulphide. When an acid solution of 4-mlro- 
phenyldiazonium chloride is treated with excess of H 2 S^ p-nitrophenyldiazo- 
mercaptan hydrosulphide, NO 2 C 6 H 4 N 2 SH • H 2 S, is formed in red needles with a 
metallic lustre, which dissolve in alkalis with a deep red colour. Dinitrophenyl- 
diazo-sulphide is formed at the same time as the above hydrosulphide, which 
decomposes on melting giving nitrophenylhydrazine, nitranilin^ sulphur, and 
dinitrophenyl disulphide. A third product of the action of H 2 S is di-p-nitro- 
phenyldiazo disulphide, [N 02 C 8 H 4 N 2 ] 2 S 2 , which is formed as sulphur-yellow nee¬ 
dles, soluble in acetone. It is not explosive, and is insoluble in alkalis (Bamberger, 
Ber. 29, 272). 

(6) ISO-(anfo‘- or STABLE) DIAZOHYDRATES are liberated from their 
potassium salts by acetic acid. They are very unstable substances. Those de¬ 
rived from benzene and toluene are colourless oils. They are not really hydrates, 
but neutral paettdo-forms, the primary aryl-nitrosamines, ArNH - NO. In a few 
cases, however, as, for example, with dibromoanisole diazohydrate, the hydroxyl 
forms have been isolated as unstable precipitates which readily change to nitros- 
amines. In non-dissociating solvents these hydrates react readily with NH 2 . 
acetyl chloride, and PCI#, whilst the nitrasamine forms are relatively unaffected 
by these reagents (Hantzsch, Ber. 35^2964 ; 45,3036). 

^ Potassium phenylisodiazotate, C6H#N20K, is formed when the normal potas¬ 
sium compound is heated for a short time with concentrated KOH to 130-135® 
(Schrauhe, Ber. 27, 514). It is also formed by fusing phenyl-methyl-nitrosamine 
with potash (p. 111). It is reconverted into the nitrosamine by treatment with 
methyl iodide (Schrauhe, Ber. 27, 514; Pechmann, Ber. 27, 672; Bamberger, Ber. 
27, 6^). It is reduced smoothly by sodium amalgam to pheny Ihydrazine (Bam¬ 
berger, Ber. 29, 473; Hantzsch, Ber, 30, 339). It reacts like a normal diazotate 
towards benzoyl chloride and caustic soda, and oxidising agents (cf., however, p. 
122): but, unlike the latter, it fails to give dyes with phenols, e g., ^-naphthol, 
in alkaline solution (Schrauhe^ Ber. 27. 517). Potassium phenylisodiazotate is 
formed directly from anihne and pnenylhydrazine by the action of an alkyl 
nitrite or alkali alcoholate; in the latter case nitrous oxide is given off (Bam¬ 
berger ^ Ber. 33« 3511; ThieU, Ber. 41, 2808). It has also been obtained from 
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hydroT^azoxybenzene. C 6 Ht(N 80 )C«H 4 ( 0 H). by oxidation with permanganate. 
Potassium toluene-p-isodiazotate is formed from its normal isomeride simply on 
exposure to air. Sodium p-nitrobenzene isodiazotate, (NOt)CAN»ONa + 
2 H 2 O, gives nitrophenyl-methyl-nitrosamine with methyl iodide^ whereas the 
silver salt gives the isomeric diazo>ester. Bleaching powder oxidises it to p* 
nitrophcnyl>nitramine (Zincke, Ann. 330, 36). 

(c) DIAZOBENZENE SULPHONIC ACID, benzene azosulphonic add, 
C 6 HfiN 2 SOtH, is very unstable (Hantzschf Ber. 30, 75). Its potassium salt is 
formed when phenyl diazonium nitrate is added to a neutral or weakly alkaline, 
cold solution of potassium sulphite. The liquid solidifies to a yellow c^stalline 
mass. Under other conditions a more readily decomposed orange salt is formed 
(Hantzschf Ber. 27, 1715; Bamberger, Ber. 27, 2930). Phenyldiazonium sulpho- 
iiates are photosensitive, and have been used in photoCTaphy {Green, Ber. 23, 
3131). Diazobenzene nitrate is reduced by potassium bisulphite to phenylhy- 
drazine sulphonate (p. 146) and this gives potassium diazobenzene sulphonate 
on oxidation with HgO (Pool, Ber. 27, 1245). 

Potassium p-nitrophenyldiazonium sulphonate, is obtained from p-nitrophenyl- 
diazonium nitrate by the action of an equivalent quantity of KjSOj; it appears 
to exist in two forms. The acid crystallises in ruby-red nrisms with 4 H 2 O 
(Hantzsch, Ber. 30, 90). With two mols. K 2 SO 8 , on the other hand, potassium p- 
nitrophenylhydrazine disulphonate, C2H4(N02)N(S0|K)NH*S0|K (p. 147) is 
formed {Bamberger, Ber. 29, 1829). p-Chloro- and p-bromo-phenyldiazonium 
sulphonic acids have also been prepared {Hantzsch, Ber. 30, 75). 

Diazonium salts combine with benzene sulphinic acid a transformation occur¬ 
ring and benzene duizosulphonea are formed. They are decomposed by HCl and 
diazonium chlorides and sulphinic acids are re-produced {Hantzsch, Ber. 30, 312; 
Bamberaer, Ber. 32, 638). On the other hand benzene sulphinic acid combines 
with suDstances containing the grouping CeH6N:NX such as phenyldiazonium 
cyanide, the azo-coiimounas (p. 135), etc,, to form colourless addition products, 
of the type C«HiN(S 02 C«H 6 )NHX, which are in most cases unaffected by water 
and acids. They should be regarded as derivatives of hydrazobenzene. They are 
decomposed hy alkalis, their components being reformed. True diazonium sul- 
phinates of nitro-groups are introduced into the components: o-nitrophenyl- 
diazonium-o-nitrobenzene sulphinate, (N02CiH4N2l [S02CeH4N02l, is a yellow 
precipitate, which usually explodes at 1(K)®, obtained from o-nitrodiazonium solu¬ 
tions and sodium o-nitrobenzene sulphinate {Claasz, Ber. 44, 1415). The action 
of SO 2 on p-nitrophenyldiazonium hydroxide gives p-nitrophenyl-diazo-p-nitro- 
phenyl-sulphone, N02C6H4N:NS02C«H4N02 {Bksom, Ber. 35, 661). 

PHENYLDIAZONIUM CYANIDE, phenyl-azo-carboi^lic nitrile, CJIsNrNCN 
is an unstable oil formed by adding potassium cyanide to the solution of a phenyl¬ 
diazonium salt. If the process is carried out in the reverse order, the diazonium 
salt being added to the potassium cyanide, an addition product of hydrocyanic 
acid is formed, CftH^N^CN'-HCN; it separates as a yellow oil, m.p. 70® (c/. p. 
161). Hydrogen peroxide converts it into whitish-yellow needles of phenyl-azoxy- 
carboxylic amide, C«H5-N(0)NC0NH2, m.p. 151® (decomp.) {AngeUi, Atti. 
Accad. Lincei, 26. I, 95, 207). Phenyl-azo-carbo^lic amide, p. 138. 

A number of substituted phenyldiazonium cyanides have been obtained in two 
distinct forms, one unstable anci the other stable, spa- and aari-forms (p. 119). 
The unstable, low-melting modifications are formed only at low temperature. 
They lose nitrogen very readily, especially in the presence of copper powder, 
forming phenyl cyanides; they couple (p. 118) and change rsypidly into the stable 
isomers, especially in alcoholic solution and in sunlight {Ciusa, Atti. Accad. 
Lincei 15, II, 136). This rearrangement is affected by the nature and pasition of 
the nuclear substituents. Labile p-chloro- and p-nitrodiazobenzene cyanides 
melt at 28® and 29®, respectively, and the stable modifications at 106® and 86®, 
respectively. 2,4,6-Tribromophenyldiazonium cyanide, labile form m.p. 60®, 
stable form, m.p. 147®. The intensely coloured unstable diazonium cyanides 
change in aqueous solution into weakly coloured or colourless diazonium cyanides, 
or, more accurately, into the ions of the latter: R*N==N—CN IRN 2 J'*’ + 
Cn~. The stable diazonium cyanides do not behave in this way, but react like 
ordinary azo-compounds (p. 135). Most of them combine readily with hydro¬ 
cyanic acid to give imido-cyanides, with water to form azo-carboxylio amides, 
and with alcohols to form imido ethers, from which the potassium salts of the 
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oorrespondiiig phenyl-azo-carboxylic acids can be obtained bv tbe action of potasb. 
Tbe acids themselves are very unstable. Tribromophenyl-azo-carbo^lfc acid, 
C^jBri-NiCOOH has been obtained from its amide, which is an oxidation prod¬ 
uct of tribromophenyl-semicarbazide (Hanleach, Ber. 28, 670, 2073; 30, 2629, 
2563; Widman, Ber. 28, 1926). 

The More Important Decomposition Reactions of the Diazonium Solis 

In the decomposition of diazonium salts nitrogen is evolved and 
other atoms or groups occupy its place. These reactions shed much 
light on the mutual relationships between many di- and poly-sub¬ 
stitution' products of benzene and its homologues (see p. 8). For 
the corresponding reactions of aliphatic diazo-compounds see Vol. I, 
p. 459. 

1. Replacement of the diazo-group by hydrogen. —(a) When diazo¬ 
nium salts are heated with alcohols, two reactions may occur: 

(I) CjHtNjCl + CjHjOH = C^sOCjH, -|- HCl + N,. 

(II) C.HSN 2 CI + CsHtOH = COI, + C 2 H 4 O -1- HCl -f- N 2 . 

In (I) phenol ethers are produced, and in (II) benzene hydrocarbons 
with aldehydes as by-products (firiess, Ann. 137, 69; Fischer, Ber. 9, 
899; Remsen, Ber. 18, 65). Often both reactions go on simultane¬ 
ously. Solid phenyl diazonium chloride or sulphate gives anisole 
with dry methyl alcohol, and phenetole, together with a little benzene, 
with ethyl alcohol, while the reaction which predominates with the 
acylated benzenes is the replacement of the diazonium group by 
hydrogen. Polyhydric alcohols seem to give phenolic ethers ex¬ 
clusively (//onizscA, Ber. 34, 3337; 35,998; 36,2061). In sunlight, 
reaction (I) predominates (Orton, Proc. 21,168). 

When the diazonium salts are heated with phenols, nitrogen is evolved and 
phenol ethers are formed to some extent, though hydroxy-diphenyls are the main 
products of the reaction {Norris, Am. Chem. J. 29,120). 

(6) On reduction the diazonium compoimds give aryl-hydrazines, 
e.g,, phenylhydrazine. When these are boiled with oxidising agents 
such as CUSO 4 , FeCb, K 2 Cr 04 , or NaOCl, nitrogen is evolved and a 
hydrogen atom takes the place of the hydrazine group: 

C4H5NHNH2 -f o « CeHe + N* + H,0. 

The following reactions, in which hydrogen replaces the diazonium group, are 
probably due to the intermediate formation of aryl diimines, Ar*NH:NH, and 
their spontaneous decomposition into nitrogen and the aromatic hydrocarbon 
{Goldschmidt, Ber. 46, 152^): 

(c) boiling diazonium chlorides with stannous chloride solution {Culmann, 
Ber. 22, R 741) ; 

(d) action of hypophosphorous acid on diazonium salts {Mai, Ber. 35, 162; 
7orMwder, Aiin.320, 143); 

(c) dissolving the diazonium compound in caustic soda and adding sodium 
stannite (Eibner, Ber. 36, 813), often with simultaneous formation of diphenyl 
compounds; iso-diazotates are not reduced by alkaline stannite {Hantzsch, Ber. 
36, 2065). 

(f) Boiling formic acid converts the diazonium salts almost exclusively into 
the corresponding hydrocarbons: 

CeH5N,Cl + HCOOH « CeH, -f N, + CO, -f HCl. 
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The sole products of the action of glacial acetic acid are acetyl-phenols (Orton, 
J. 91, 35; Tobias, Ber. 23,1632). 

Replacement of the diazonium group by halogen, —(a) The 
diazonium salts are treated with hydrogen halides. Of the four, 
hydriodic acid reacts most readily: 

C6H,Na S04H + HI « CeHftI -f Na + H 2 SO 4 . 

The hydrogen halides are often used in glacial acetic acid solution. 

A modification of the method consists in treating amine hydrobromidos or 
hydriodides with nitric acid. 

(fe) The action of concentrated halogen hydracids on diazo-amino 
compounds. This reaction was applied by Wallach (Ann. 243, 219) 
to the preparation of fluoro-and chloro-derivatives: 

CJIfiNiNaNHCja* + 2HF - CeHsF + Na -i- FH NHa CeH*. 

(c) Chloro- and bromo-compounds are also obtained when the double salts 
of diazonium chlorides or bromides with PtCU or PtBr 4 are heated alone, or 
better, when mixed with sodium carbonate or chloride: 

(C«HfiN2Cl)*PtCl4 = 2CeHsCl + 2 N 2 4- Pt + 2 CI 2 . 

Still better, the double salts with HgCh and HgBr 2 may be used (Schwechter» 
Ber. 65, 1605). 

(d) Bromo-compounds may be prepared by boiling diazonium perbromides 
with ethyl alcohol, which is oxidised to aldehyde, bromobcnzenes being formed; 

CeHjNjBra + CalhOH « CftH^Br + N 2 + HBr + CH 3 CHO. 

(e) To replace the diazonium group by fluorine, the best method is to use the 
diazonium borofluorides, e,g., [PhN 2 j + [BF 4 l'“ (Bah, Ber. 60, 1186). 

The reactions (a)~(d) were discovered by Griess. Sandmeyer dis¬ 
covered a reaction, based on the decomposition of diazonium salts by 
cuprous compounds, which is of wide application (Ber. 17, 2650; 23, 
1880). 

(/) If an aqueous solution of phenyldiazonium chloride is treated 
with cuprous chloride an addition compound, PhN 2 Cl*Cu 2 Cl 2 is first 
formed, which decomposes to PhCl on warming (Lellmann, Ber. 19, 
810; Erdmann, Ann. 272, 141; Hantzsch, Ber. 33, 2544; Heller, Ber. 
44, 250; Wantig, Ber. 46, 3923): 

PhN 2 Cl(Cu,Cl 2 ) « PhCl + Na + CU 2 CI 2 . 

Cuprous bromide, and iodide react with the corresponding diazonium 
salts in a similar way. If cuprous bromide is allowed to act on a 
diazonium chloride, the corresponding bromobenzene is the chief 
product rnider suitable conditions. This proves that the cuprous' 
halide plays an essential part in the reaction. 

A modification of this process was discovered by Gattermann (Ber. 
23, 1218; 25, 1091). The diazo-compound is treated with copper 
powder in the presence of HCl, HBr, or HI. The action of the copper 
seems to be mainly catalytic. 

S, Replacement of the diazo-group by hydroxyl. —When diazonium 
salts (preferably sulphates) are boiled with water or a solution of 
copper sulphate, the diazo-group is replaced by hydroxyl, as men- 
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tioned on p. 112. This method often fails with negatively sub¬ 
stituted diazonium salts but will take place in these cases too, if the 
water is replaced by a mixture of dilute sulphuric acid and sodium 
sulphate (Coin, Proc. 21,206). When nitrates are used nitro-phenols 
are obtained as by-products. The velocity of this reaction has been 
measured by Euler (Ann. 325,292). 

4~ Replacement of the diazo-group by the —HS group .—^When 
phenyl-diazonium-p-sulphonic acid (p. 178), the product of diazo- 
tising sulphanilic acid, is heated with an alcoholic solution of potas¬ 
sium sulphide, the potassium salt of p-thiophenol-sulphonic acid is 
formed {Klason, Ber. 20,350): 


(1) ySK (1) 

C JtZ + KiS = C.H4< + N,. 

\SO.- (4) \SO,K (4) 

Mercaptan combines with diazotised .sulphanilic acid forming a compound 
which breaks up at higher temperatures, into nitrogen and thiophenol-ethyl 
ether p-sulphonic acid: 


\sor \so,H 


^Et 
CeH< 


SO,H 


With xantliates (Vol. I, p. 489) the diazonium salts form xanthic 
esters, such as PhS-CSOEt, which give thiophenols on hydrolysis 
{Lewkari, J. pr. 41,1§4). 


The diazonium salts react with thioglycollic acid (Vol. p. 429) with forma¬ 
tion of difficultly soluble glycoUates, such as PhNs-S’CHaUOOH, which are con¬ 
verted into aryUthioglycollic adds, e,g., PhS-CHjCOOH, on warming, nitrogen 
being evolved (Ger. Pat. 194,040). The formation of di-p-nitrophenyl disulphide 
by decomposition of the corresponding diazo-sulphide and diazo-mercaptan has 
been mentioned above (p. 120). 

6. Replacement of the diazo-group by the sulphinic radical is efi’ected by passing 
sulphur dioxide into a solution of a diazonium sulphate, or by treating the latter 
with an alcoholic solution of SO 2 and bisulphite, and subsequently decomposing 
the product with Cu powder {Oaltermann, Ber. 32, 1136; Ger. Pat. 130,119). 

PhN2(S04H) 4- SO2 + Cu =» PhSOjH + Na + CUSO4. 


d. Replacement of the diazo-group by the nitro-group. —If freshly precipitated 
cuprous oxide is added to a solution of a diazonium nitrite, or if copper powder is 
added to a solution of the double compound of a diazonium nitrate and menturic 
nitrite, e,g.jJPhN 2 N 0 »’Hg(N 02 ) 2 , the diazo-group is replaced by the nitro-group 
(Hantzsch, Ber. 33, 2551). 

7. In some cases the diazo-group can be replaced by an amine residue^ thus 
Woffner (Ber. 35, 2593) has succeeded in replacing the diazo-group of the diazo¬ 
nium betaine of aminoanthraquinone sulphoiiic acid by an amine radical by the 
action of ammonium carbonate or amines. 

8. Replacement of the diazo-group by the CN group ,—^The impor¬ 
tance of this reaction has already been pointed out (p. 13). It con¬ 
nects the nitro-amino benzenes with the nitrobenzoic acids, and these 
with the phthalic acids. The diazonium chloride solution is added to 
a solution of copper sulphate mixed with potassium cyanide (p. 121): 

PhNaCN « PhCN + N, 

(Sandmeyer, Ber. 20,1495; Tobias, Ber. 23,1630). 
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9. Potassium thiocyanate and cuprous thiocyanate act in a similar 
way on diazonium salts, the diazo-group being replaced by the thio¬ 
cyanate group (p. 117) (Thurnauer, Ber. 23, 770). 

10. Wlien potassium cyanate and powdered copper are added to a solution of 
a diazonium sulphate» phenyl isocyanate or carbanii (p. 97) is obtained (Gatter* 
mann^ Ber. 25, 1086). 

11. Formation of diphenyl compounds from diazo■compounds .—Diphenyl com¬ 

pounds are often obtained as by-products when diazo-compounds arc treated with 
reducing agents, such as SnCb (Grtess, Ber. 18, 965), EtOH and Cu (Gattermann, 
Ber. 23, 1226), EtOH alone, EtONa (Oddo, Ber. 28, R 389), and also in reactions 
with water, phenol (Hirsch, Ber. 23, 3405) (p. 122), and potassium ferricyanide 
{Bamberger^ Ber. 26, 471). Using anhydrous formic acid or EtOH as reducing 
agents, and then decomposing with copper powder, Gerngross and Jonas (Ber. 57. 
747) isolated diphenyl, terphenyl (= '-diphenylbenzene), quaterphenyl 

(p,p'-diphenylyl-diplienyl), and quinquephenyl (« p-diphenylyl-p'-dipnenyl- 
ylbenzene). The phenyl group can be introduced into many aromatic hydro¬ 
carbons and heterocyclic compounds, such as tliiopheiie, pyridine, and quinoline, 
by means of a diazonium chloride, preferably in the presence of AlClt {Afohlau, 
Ber. 26, 1994). 


PhNtCl + CJI, , Ph, + Nj + HCl. 

The diazo-residue in diazo-oxides, -sulphides, and iso-diazo-hydratcs (p. 120) 
is also readily replaced by cyclic radicals {Bamberger^ Ber. 28, 404; 29, 274, 452; 
KUhling^ Ber. 29, 165). 

[N02CJl4N2]S + 2C6H6 = 2N0*C»H4-Cells + N* + HsS. 

CeHeNjOH + CJEleN (pyridine) = CcH5-CeH4N + Nj -f H^O. 

1^. On treatment with ammoniacal cuprous oxide most diazonium salts lose 
nitrogen and are converted into azobenzenes: 

2 PhN 2 Cl + CujO « PhNrNPh + N 2 -h CuCh + CiiO. 

The diazonium salts obtained from o- and p-nitraniline, and from anthranilic 
acid, however, give the corresponding diphenyl derivatives {Vorldnder, Ann. 320, 
122 ). 

13, When diazonium salts are treated with a saturated solution of potassium 
ferricyanide, reactions 11 and 12 take pla(‘e simultaneously and compounds of the 
diphenyl series are formed; thus, with benzene diazonium chloride, oenzene-azo- 
diphenyl, PhN:NC 6 ll 4 *Ph, is formed {Ehrenpreis, C. 1907,1, 1789). 

Other reactions of the diazo-compounds, in which no nitrogen is 
eliminated. 

1. Diazonium salts are reduced to plienyl-hydraziiies (p. 146). 

Ethyl phenyl-hydrazines and diethyl-benzidine are formed when phenyl 
diazonium chloride acts upon ZnEtj in ether solution {Bamberger^ Ber. 35, 1479; 
Tichtuinski, J. Russ. Phys. Chem. Soc. 36, 1052). 

2, Diazonium compounds are oxidised to nitroso-benzene (p. 67) and phenyl- 
nitramine (p. Ill) in alkaline solution. 

S. The behaviour of diazonium compounds towards ammonia, 
alkyl-anilincs, aniline and related bases and phenols, when diazo- 
imino- (p. 131), diazo-aniino- (p. 126), and amino-azo- (p. 138) or 
hydroxy-azo-compounds are formed should be particularly noted. 
These very important reactions will be discussed in detail in connec¬ 
tion with the individual classes of compounds. 

4 . When diazonium salts act upon compounds with the CHaCO 
grouping, hydrazones or mixed azo-compounds (p. 138) are formed. 
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The hydrazones may react with a further quantity of the diazonium 
salt forming formazyl compounds, of the amidine type {Bamberger^ 
Ber. 27, 147; 29, 1386; Pechmann, Bcr. 27, 320, 1679; Billow^ Ber. 
31,3122,32,2880). 

5. Some diazo-compounds, particularly nitro- and polyhalogen 
diazonium salts, couple directly with butadiene, isoprene, and similar 
doubly unsaturated aliphatic hydrocarbons, forming mixed azo¬ 
compounds {Meyer, Ber. 52,1468). 

{i) Diazoamino- and {k) bis-Diazoamino-compounds 

The diazoamino-compounds are derived from the unknown hydride 
triazene, NH=N—NH 2 , the amidine of nitrous acid {Thiele, Ann. 30S, 
65). The hydrogen of the imino-group is replaced by aromatic 
radicals such as plienyl, tolyl, etc., while the hydrogen of the amino- 
group may be replaced by either aliphatic or aromatic residues, when 
mixed or true aromatic diazoamino compounds are formed. The his- 
diazoamino compounds are derived from the nitrogen hydride, NH— 
N—NH—N—NH, also unknown. 

Methods of formation of diazoamino-compounds. —These compounds 
are produced by the action of primary or secondary amines on 
diazonium salts, {la) Primary amines give diazoamino- or bis- 
diazoamino-compounds, according to the conditions. Diazoamino- 
compounds are formed by the interaction of equimolecular amounts 
of a diazonium salt and a primary amine, and also by the action of an 
alkali metal nitrite on a salt of a primary amine in the absence of 
mineral acids: 

PhNj Cl -i- PhNHj = PhNrN NHPh -f HCl. 

2PhNH3Cl H- KNO 2 » PhN:N-NHPh -f KCl + HCl + 2 H 2 O. 

Substituted anilines containing the substituent in the v- or o-position react, 
in the main, like aniline itself, but meta-derivatives, suen as m-toluidine, give 
chiefly aminoazo-compounds (p. 138) (J. pr. 65, 401). 

{lb) A 6fs-diazo compound is formed if one molecule of aniline is 
allowed to react in alkaline alcoholic solution with two molecules of a 
diazonium salt. The same compound is also obtained by the action 
of a diazonium chloride on diazoamino-benzene {Pechmann, Ber. 27, 
703): 

CeHfiNrNv 

ZCeHfiNaCl + CeHsNIb - >NCflH6 + 2HC1. 

C.H6N:N/ 

CelhNlNv 

C.H 3 N 2 CI -f CeHjNrN NHCeHs « + HCL 

CcHaNiN'^ 

Primary aliphatic amines react very readily with a diazonium 
chloride, forming &f$-diazoamino compounds, so that the isolation of 
simple aliphatic-aromatic diazoamino compounds is only practicable 
under special conditions {Dimroth, Ber. 38, 2328). 

When a phenyl diazonium salt solution is allowed to flow into cold, 
concentrated ammonia, bis-diazobenzene-amide, PhN:N NH N:NPh, 
is the only product {Pechmann, Ber. 28,171). 
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Normal alkali diazotates also furnish diazoamino>compounds. The reaction is 
discussed in detail by Schrauhe, (Ber, 29, 289), The iso-diazotates, obtained by 
isomerisation of the n-compounds, do not usually react. 

(Ic) Secondary aromatic and aliphatic bases yield secondary aromatic or 
mixed aliphatic-aromatic diazoamino-compounds {Baeyer, Ber. 8, 148; Vignon. 
C.r. 140, 1038). 

{2) Diazoamino-compounds are also obtained by the action of 
nitrous acid on alcoholic solutions of primary amines, the free diazo¬ 
benzene hydroxide or anhydride first formed reacting with a further 
quantity of aniline (p. 119). 

PhNjOH + NHaPh - PhN:N NHPh -f H 2 O. 

If nitrites, AgN02, act upon free aniline, salts of diazoamino-compounds, 
c.^., PhN 2 »NAgPh are formed {NiementovBki, Ber. 29, R 1158). 

(S) A convenient method for the preparation of mixed aliphatic- 
aromatic diazoamino-compounds consists in the action of organo Mg- 
compounds on the aryl azides. Addition products are first formed 
from which the diazoamino-compounds are liberated by water (Dim- 
roth, Ber. 38,683): 


CeHsNa + CH3*Mg*I = C«H5-N:NN(MgI)CH,. 
C«H6N:N-N(MgI)CH3 + II 2 O « C«H 5 N:N-NHCH 2 + Mgl(OH). 


(4) Diazoamino-compounds are also produced by the interaction 
of nitrosamines and primary amines, e.gf., diazoaminotoluene from 
diphcnyl-nitrosamine and p-toluidiiie, the uitroso-group acting like 
nitrous acid (Pechmann, Ber. 27, 655). 

Nitroso-acetanilide (p. Ill) reacts with aniline to give acetic acid and diazo- 
aminobenzene. If two mols. of nitroso-acetanilide are used to one of aniline in 
alkaline solution, an aromatic 5i5-diazoamino compound is obtained: 

C H 

"\n~NO -f NlI.CeHfi = CVl5xNrH—N = NCcHt -f CII 3 COOH. 

CHaCCX 


2 >N—NO -f NTIoCeTTr, 

CIlaCXK 


CeH5N==N 

C«IT5N=-N 



Th -f- 2CH3COOH. 


Mechardsm of the forinulion of diazoamino-compounds .—It is a remarkable fact 
that in a reaction such as that betw^een phenyl diazonium chloride and p-toluidine 
the same phenyl diazo-p-aminotoluene is formed as that which is obtained from 
p-tolyl-diazonium chloride and aniline, although tw'o different compounds would 
be expected. ' 

PhNjCl -H NH2[4]C,H4[11CH3-> (I) COIsN - N NH[41CeH5[lICH,. 

CHa[l]C6H4[4]N2Cl + NHaCeH*-> (II) CH,[l]CeH4[4]N =» N-NHC*H». 

By method (S) identical products are obtained from phenyl azide and p-tolyl- 
magnesium bromide and from p-tolyl azide and phenyl magnesium bromide. 

The constitution of the resulting substances is best determined by means of 
phenyl isocyanate, which converts them into substituted ureas. The urea formed 
with diazoDenzene-p-aminotoliiene, for exanmle, must have the structure (I') 
or (II0, according as whether formula (I) or (II) is the correct one for the diazo- 
amino-compound: 
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vNHCeHs 

(10 CO<; /[41CeH4[l]CH, 
\N==N-Cells 


^NHCelle 

CO< + CelleOH + N*. 

\NH[4]CeH4ll]CII, 


< NHCeH5 /NHCeHe 

yCelle -> CO< + CH,[l]CeH4[4]OH -f N,. 

N< ^NHCelle 

\N=N[4]CeH4[l]CIlt 

The decomposition products of this substituted urea when it is treated with dilute 
sulphuric acid, are p-phenyl-p-tolyl urea, phenol, and nitrogen, which agrees 
with formula (lO* Formula (II') would require the formation of sym-diphenyl- 
urea, p-cresol, and nitrogen. Hence diazobenzene-amino-p-toluene has the 
structure (I). 

The iinido-group seems to be attracted to the more negative radical, e,g.f to a 
radical containing Br or NO 2 . Dimroth (Ber. 40, 2395) has suggested an explana¬ 
tion for this rather surprising fact. 

DIAZOAMINO-COMPOUNDS FROM PRIMARY ARO¬ 
MATIC BASES. Diazobenzene-amide, phenyltriazene, PliN:- 
N-NHo, m.p. 50° (decomp.) is the simplest possible aromatic diazo- 
amino-compound. It cannot be prepared by tlie action of ammonia 
on phenyl-diazonium chloride, by which reaction only fcts-diazoben- 
zene-amide i^ formed. It has been obtained by the reduction of 
phenyl azide with SnCb and HCl in ether at —18° (see the reduction 
of aliphatic diazo-compounds, Vol. I, p. 460). 

PhN, + 2H « PhN:N NH2. 

The cuprous salt forms yellow, prismatic crystals. Diazobenzene- 
amide is very unstable, decomposing rapidly on standing and in¬ 
stantly in contact with acids, into aniline and nitrogen. It combines 
with phenyl isocyanate forming benzene-diazo-phenylurea, PhNiN-- 
NHCO -NHPh. Oxidising agents, such as potassium hypobromitc, 
or ammoniacal silver nitrate convert it into phenyl azide {Dimroth^ 
Ber. 40, 2376). 

Diazoamino-benzene, PhN—N—NPh, explodes when rapidly 
heated. It is formed by adding nitrous acid to a cold alcoholic solu¬ 
tion of aniline (Griess^ Ann. 121, 258), by mixing phcnyl-diazonium 
nitrate and aniline {Griess, Ber. 7, 1619), or by mixing aniline hydro¬ 
chloride, or aniline sulphate (F. Meyer, Ber. 8, 1074) with a cold 
solution of sodium nitrite {B. Fischer, Ber. 17, 641; 20,1581; Staedel, 
Ber. 19, 1953). Phenyl azide (p. 132) and phenyl magnesium 
bromide combine to form a salt, PhN 2 N(MgBr)Ph, which is derived 
from diazoaminobenzene, and into which it is converted by water 
{Dimroth, Ber. 36, 910). Diazoaminobenzene crystallises in lustrous 
golden flakes or prisms; when quite pure, however, it is only very pale 
yellow in colour, and melts at 99° {Rosenhauer, Ber. 61, 396). It is 
insoluble in water, sparingly soluble in hot alcohol, ether, and ben¬ 
zene. Its reactions will be discussed later. The most important 
of them is its rearrangement into the isomeric amino-azobenzene (p. 
129). 

Its salts.are very unstable, but a double salt (Ci 2 HaNi*HCl) 2 PtCl 4 , crystallis¬ 
ing in reddish needles, is obtained with HCl and PtCl 4 . For the hydrochlorides, 
see Yokqjima, J. Soc. Chem. Ind. Japan, 1928. Cold acetic acid converts it into 
benzene-^iazoamino-azobenzene, m.p. 119.5^ (see below), which is presumably 
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an intermediate product in the rearrangement to amino-azobenzene. When an 
alcoholic solution of diazoamino-benzene is mixed with a solution of silver nitrate, 
red needles of a compound PhN 2 *NAg*Ph separate. With sodium in ether it 
gives PhNjNNa.Ph, which is decomposed by water (Bekk, Ber. 27, 2315). 
Cuprous salt, see Kfeunier, Bull. [3J 23, 103. Benzene-diazo-acetanilide, 
PhN:N*N(COMe)Ph, m,p. 130*^ (decomp.) is formed when diazoaminobenzene 
is allowed to stand with acetic anhydride in toluene solution {Heusler, Ber. 24, 
4156). 

Of the three diazoamino-toluencs. only diazo-p-aminotoluene, m.p. 91® is 
stable. The o- and m-derivativcis pass immediately into the isomeric aminoazo- 
com pounds. 

Diazoamino-coinpounds with two different aromatic residues, or mixed diazo¬ 
amino-compounds, such as diazobenzene-p-aminobromo-benzene, m.p. 91® 
(Noeliingy Ber. 20,3012), o-, m- p-dinitro-diazoamino-benzenes, m.p. 196*^, 194®. 
228° {MeJdola, J. 67, 50), and diazobenzene-p-aminotoluene, can be obtainea 
from the diazo-compound of either component, and the free amino-compound of 
the other, e.g,y diazobenzene-p-aminotoluene can be obtained both from a phenyl 
diazonium salt, and p-toluidine, and from p-diazotolueno and aniline. It can also 
bo obtained by mcthcxl of formation (3) (p. 127). 

-Diazobenzene-amide, (PhN:N) 2 NH, extremely unstable, and 6ts-diazo- 
benzene-anilide, PhN~N—NHPh—N—NPh, lustrous yellow leaflets, exploding 
feebly at 80-81® in a capillary tube, have been prepared by method (4) (PccA- 
manriy Ber. 27, 703, 899; Bamberger, Ber. 27, 2597; Viqnon, C.r. 140, 91). 

MIXED FATTY-AROMATIC DIAZOAMINO-COMPOUNDS. Diazobenzene- 
methyl-amide, meihyUpJienyUtriazene, PhN:N*NHMe. colourless plates, m.p. 
37®, IS prepared by the action of magnesium methyl ioaide on phenyl azide. It 
volatilises with steam without decomposition. With acids it breaks down into 
aniline, nitrogen, and methyl esters, such as methyl chloride, methyl acetate, or 
methyl benzoate. It combines with phenyl isocyanate to give a substituted urea, 
m.p. 104®, which breaks down with HCl into phenyl-diazonium chloride ana 
methyl-phenyl-urea. Cupro-methyl-phenyl-triazene, PhNsCuMe, crystallises 
in orange-rcMi prisms, m.p. 187® (decomp.) Acetyl-methyl-phenyl-triazene, 
PhN :N •N(COMe)Me, m.p. 35® ( IXmroth, Ber. 38, 678). Diazobenzene-etiiyl- 
amide, colourless crystals, m.p, 31®. Diazobenzene-ethyl-hydrazide, PhN:N*- 
N 2 H 2 Et is an unstable oil, obtained from phenyl-diazonium chloride, and ethyl- 
phenyl hydrazine. The position of the ethyl group is uncertain. It was the first 
compound containing a ^-memhered N~cha%n to be prepared {E, Fischer. Ber. 43, 
3500). p-Tolyl-methyl-triazene. CH 8 C 6 H 4 N:N*NHMe, m.p, 81.5® (Dimroth^ 
Ber. 40, 2397). Diazobenzene-dimethylamine, PhN=N •NMe 2 , is a pale-yellow 
oil {Baeyery Ber. 8, 143). Diazobenzene-piperidine, PhN=N-NC^Hto, m.p. 43®. 
Diazopiperidines are useful in the preparation of fluoro-compounds (p, 49). 

Benzene-diazocyanamide, PhN:N-NHCN orPhNH-- 

N:N*CN, forms colourless leaflets, deflagrating at 72®. Its potassium salt is 
obtained when an alcoholic solution of phenyl azide is heated with potassium 
cyanide. When treated with acids it decomposes into the diazo-hydrate and 
urea: 

PhNiN NHCN 4* H 2 O « PhN»OH -f CO(NH2)2. 

Methyl-phenyl-cyano-triazene, PhMeN.N:NCN, m.p. 69-70®, is formed by 
methylation of the potassium salt referred to above. Acids decompose it into 
methylaniline, nitrogen, and cyanic acid (Wolff. Ber. 37^ 2374). 

hia-Diazobenzene-methylamine, (PhN=N) 2 NMe. bright yellow needles, melts 
at 112®. his-Diazobenzene-ethylamine, m.p. 70® (Uoldachmidt, Ber. 22, 934). 

REACTIONS OF THE DIAZOAMINO-COMPOUNDS. 1. 

Those diazoamino-compounds which have a replaceable hydrogen 
atom in the para-position to the NH-group, have the remarkable 
power of changing into isomeric p-aminoazo-compounds. In the 
aminoazo-compounds produced, the amino-group is in the p-position 
to the bond linking the benzene rings (p. 139): 

PhN:N.NHPh -H. PhN:N[l]C.H 4 [ 4 ]NH,. 
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This change takes place within a few days in the presence of a small 
quantity of a salt of aniline, but at 50® and in the presence of an 
excess of aniline as well as a little aniline salt, the change occurs in 2 
hours. The rate of the isomerisation is proportional to the strength of 
the acid of which the aniline salt is used {Goldschmidt^ Ber. 29,1899). 
It is essential that an acid should be present. The reaction occurs 
with dilute hydrochloric, acetic, or formic acid, and even with cal¬ 
cium chloride, though the yield is poor when neitlier aniline nor a salt 
of aniline is present {Rosenhauer, Ber. 61, 392). This change was 
formerly regarded as a rearrangement, but the first step actually 
consists of the decomposition of the diazoaminobenzene into diazo- 
nium chloride and aniline, brought about by the hydrochloric acid of 
the aniline hydrochloride. Under the prevailing conditions the 
nuclei of these two compounds unite and form aminoazobenzene: 

PhN.N-NHPh 4* HCl = PhNaCl 4- PbNUj. 

PhNaCl + PhNHj = PhN:N-C«H4-NH2-}- HCL 

It appears from this mechanism for the reaction that only a small 
quantity of aniline hydrochloride or hydrochloric acid would be 
needed, since it is continuously regenerated. Benzene-diazoamino- 
azobenzene, PhN:NC 6 H 4 NH*N 2 Ph, is a by-product in the second 
stage of the reaction, which shows that the diazonium salt couples 
with amino-azobenzene as well as with aniline {Earl, Ber. 63, 1666; 
RosenhaucTf Ber. 64, 1438). 

Diazoamino-benzenes react with acid anhydrides, the hydrogen 
of the imino-group being replaced by an acyl-group (see benzene- 
diazoacetanilide, p. 129). 

5. They react with phenyl isocyanate with formation of sub¬ 
stituted ureas. The applications of this reaction are discussed on p. 

128. 

4 . In the above reactions, the diazoamino-compound is not de¬ 
composed. It is, however, readily decomposed by mineral acids into 
the components from which it is synthesised, viz,, diazonium salts 
(or their products of decomposition) and salts of the bases which are 
combined with the diazo-residue. Hence, nitrous acid in the presence 
of acids converts them completely into diazonium salts. This method 
is not suitable for the determination of the constitution of asym¬ 
metrical diazoamino-compounds, as it may give ambiguous results. 
For example, benzenediazoamino-p-toluene gives a mixture of aniline, 
p-toluidine, phenol, and p-cresol when treated with dilute sulphuric 
acid. The reaction between diazoamino-compounds, and particularly 
of diazo-piperidines, with cone, hydrofluoric acid has been used by 
Wallach (Ann. 243, 220) for the synthesis of fluorobenzenes (p. 49).' 

PhN^N NCsHio + 2HF - PhF + N, 4- HF HNCsHio. 

6. The diazoamino-compounds are decomposed by boiling water 
giving phenols and bases. 

6. Attempts to reduce the diazoamino-cornpounds to hydrazo- 
amino-compounds have not been successful. Decomposition into a 
phenylhydrazine and an amine occurred. 
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7. When boiled with an alcoholic solution of sulphur dioxide, the 
diazo-group is replaced and sulphonic acids are formed; 

PhNsNHPh 4- 2 SO 2 + 2 H 2 O = PbSOsH + H, + PhNHj.HjSOa. 

(Z) Diazohydroxyamino-compounds 

These coinpouiids are formed (/) by the action of /J-alkyl- and i3-aryl-hydroxyl- 
amines on diazo-compounds (with oximes, similar compounds are obtained); {£) 
by the action of nitroso-benzenes on phenylhydrazincs, hydrogen being liberated. 
If a-alkylatcd phenylhydrazines are used in this reaction, analogues of the azoxy- 
compounds such as PhN(Me)N:N(;0)Ph (p. 133) are formed (Bamberger, Ber. 
32, 1546; Bresler, Ann. 353, 228). 

Diazohydroxy-amino-benzene, PhN 2 'N(OH)Ph, m.p. 127®, crystallising in 
yellowish needles with a silky lustre, is obtained from nitrosobenzene and phenyl- 
hydrazine, or from a diazonium salt and phenylhydroxylamine. Benzene- 
diazohydroxy-aminomethane, PhN 2 *N(OH)Me, m.p. 70®, is formed from a- 
methyl-hydroxylamine and diazonium chloride (Bamberger^ Ber. 30, 2278). 
Benzene-diazohy(ho3cy-phenyl-methyl-amide, Ph(N20) NMePh, m.p. 72®, is 
obtained from nitrosobenzene and a-methyl-phenylhydrazine (p. 150). It 
volatilises with steam and is reduced to benzene-diazo-phenyl-methyl-amide 
and other substances (Bamberger, Ber. 32, 3554). For other diazohydroxy-amino 
compounds see Gebhard, Thompson, J. 85, 767. 

{in) Aryl Azides or “Diazoimino^'-compounds 

The aryl azides, e.g., phenyl azide, PhNs, are aryl esters of hydrazoic 
acid, N3H. They were formerly referred to as ^‘diazoimido-com- 
pounds" or ^Viiazoimides" on account of their genetic relationship to 
the aromatic diazo-compounds. The azide-group wiis formerly 
written as a 3-membered ring, but it is now regarded as an open chain 
of three nitrogen atoms. Reasons for this are given in Vol. I, p. 251, 
in connection with the aliphatic diazo-compounds, which resemble 
closely the compounds now to be described, as far as structure is con¬ 
cerned. X-ray photographs of crystalline sodium azide, NaNa, 
have shown that the three nitrogen atoms of the azide anion are 
arranged in a straight line (see Angeliy Atti R. Accad. Lincei [6] 5, 
732). Angelts formula gives the central N atom five valency bonds, 
whilst the octet theory indicates the presence of only four bonds, 
which may be arranged in two different ways; both thes(' states may 
exist (see p. 116 diazonium compounds). 

RN<( II R—R- 

Three-ring Angeli’s formula Octet formulae 

formula 

For the structure of organic azides see Sidgwick, Trans. Faraday Soc. 
30, 801. 

Methods of formation. — 1. By the action of ammonium hydroxide 
on diazonium perbromides 

PhNi-Br, + NH, = PhN, + 3HBr. 

The diazonium cation combines with NHj to give diazobenzene amide; 
this is then oxidised by the free bromine of the anion to phenyl azide 
(c/. 7 , p. 132). 


I / 

N—NssN— R_N=.\=N<^ 
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By the action of hydroxylamine on diazonium salts {Mai, Ber. 
2S, 372; Curiius, Ber. 26,1271): 

(PhNOHSOi + NH,OH « PhN, + H,0 + HiS04. 

Salts of hydroj^lamine-disulphonic acid have sometimes been used instead of 
hydroxylamine itself (Rupe, Ber. 33, 3408). 

S. By the action of sodium nitrite on phenylhydrazine hydro¬ 
chloride. Nitroso-phenylhydrazines are first formed; these re¬ 
arrange, water being eliminated and phenyl-azides being formed 
{Angeli, Atti. R., Accad. Lincei [6] 5, 732; Dimroth, Ber. 35, 1032). 

^NH2 

PhN< = PhN, -f H,0. 

\no 

4. By the interaction of phenylhydrazine and a diazonium salt; 

for mechanism see below {Griess, Ber. 20, 1528; Limpricht, Ber. 21, 
3415; iroM,Ber.33,2741; J. pr. 66,336). 

5. Hydrazine and diazonium sulphate react to give phenyl azide 
and ammonia, aniline and hj'^drazoic acid being by-products. These 
reactions are explained by the intermediate formation of PhN==N— 
NHNH 2 , which, however, has not been isolated; c/. buzylene com¬ 
pounds, p. 165 {NoeUing, Ber. 26,88; Curtins, Ber. 26,1271). 

NH, + PhN, <-PhN:N-NH-NII,-► PhNH, + N,H. 

6. When j3-phenyl-semicarbazide (p. 158) is oxidised by NaOCl 
phenyl azo-carboxyl-amide is the first product. This amide under¬ 
goes a Hofmann rearrangement into diazobenzene amide, and the 
latter is oxidised to phenyl azide: 

Ph-NHNHCONH,-► PhN:NCONHa-► 

PhNiN NHa- > PhN,. 

A number of substituted phenyl-semicarbazides react in a similar w^ay 
{Darapsky, Ber. 40, 3035). 

7. By the oxidation of diazobenzcnc amide (p. 128) with KOBr 
or ammoniacal silver nitrate. This reaction corresponds to the oxida¬ 
tion of hydrazones to aliphatic diazo-compounds {Dimroth, Ber. 40, 
2388). 

8. By digesting aliphatic acidyl-phenyl-nitroso-hydrazines with 
alkali; acidy 1-ary 1-hydrazines are by-products {Ponzio, Gazz. 45, II, 
12 ). 

Phenyl azide, CeHsNa, b.p. (16 mm.) 56^, is a yellow oil with a 
stupefying odour. It explodes when heated at ordinary pressure. 

0-, m-, p-Nitrophenyl azides, NO2C6H4N,, m.p. 62®, 55®, and 71®. Picryl 
azide, m.p. 93®, obtained from picryl chloride and sodium azide, is not explosive 
{Schrader^ Ber. 50, 777). p-Chlorophenyl azide, b.p. (20 mm.) 96®. p-Bromo- 
phenyl azide, m.p. 67-68® (Berginann, Z. physikal. Chem. Abt. B 19, 389). p- 
Aminophenyi azide, NH2C6H4N,. m.p. 62^. 

S -&M-Triazobenzene, p-phenyiene-&is-diazo-imide, N,C6H4N,, forms bright 
ow plates^ m.p. 83®, and has been prepared from acetyl-p-phenylene diamine 
by the following series of reactions (Silherrad^ J. 89, 167, 170): 

CHjCONHCeHiNH, CH,CONHC,H4N, NH^CeHiN, N,C,H4N,. 
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l,3,5-Trinitro->2,4.6-(n«-'triazoben2ene. (N02)j:Cf: (N*)*, m,p. 131"^, obtained 
from 2,4,6‘trichloroDcnzene by means of the 1,3,6-trinitro-product with sodium 
azide, is a powerful explosive (Turek^ Chim. et Ind., 1932). ^m-TriazomesityU 
ene, (CH»)j:C: (N^s, m.p. 50®, is obtained by the action of sodium azide on tri- 
amino-mesitylene trihydrochloride (p. 110 ) followed by the action of HCl and 
HNO* {Morgan^ Davies, J. 123, 228). 

5-fcr« Butyl-4, 6 -dinitro- 2 -azido-l,3-xylene, azide musk, m.p. 89®, is obtained 
from p-butyl xylidine (m.p. 32®) by diazotisation and nitration. The correspond¬ 
ing toluene compound melts at 146°. 

Reactions of the aryl azides. — 1. On boiling with HCl they decompose into 
nitrogen and chloroaniline (Griess, Ber. 19, 313). On boiling with H 2 SO 4 , 
they break down into nitrogen and aminophenols {FriedlAnder, Ber. 27, 192). 

S. On boiling with alcoholic potash, aryl azides which are nitrated in the o- or 
p-position partly decompose into nitrophcnols and hydrazoic acid. /f. When 
heated alone, the o-nitrated azides decompose into nitrogen and benzofuroxjjncs. 

5. With methyl magnesium iodide and phenyl magnesium bromide, phenyl 
azide gives diazoamino salts (p. 127). 

6. It combines with potassium cyanide to form phenyl cyanotriazene (p. 129). 

7. It adds on to acetylene di carboxylic e^ter, and reacts with /3-ketocarboxylic 
and malonic esters with elimination of water or alcohol, five-membered hetero¬ 
cyclic ring systems of the/riazo/e group (Vol. IV) being formed {Dimroth, Ber. 35, 
4041): 


CHjCOOR 
N,Ph + I 

COCH, 


/N— CCOOR 

= N<^ i 

^NPhCCH, 


4-H2O. 


The same reactions are encountered with aliphatic diazo-compounds. 

S. By condensing phenyl azide with benzaldehyde-aryl-hyarazones, tetrazoles 
are obtained (Vol. iV) (Dimroth, Bor. 40, 2402): 

/N=N 

PhN, 4- PhNII-N:CHPh « Ph N< I -h PhNH*. 

\X=t;Ph 


9. For the addition reactions of phenyl azide with cyclopentene and cyclo- 
heptene, see Alder, Ann. 501, 1 , 


(n) Azoxy-compounds* 

M ethods of formation. — 1 . By reducing nitro- or nitroso-compounds 
with alcoholic or methyl alcoholic potash (Lachman, Am. 24, 1178; 
Iteissert, Ber. 42,1364): 

4PhNO -h SHCHjONa « 2(PhN)20 + SHCOjNa + SHaO. 

Sodium amalgam and ethyl alcohol, zinc dust in alcoholic NH3, AS 2 O 3 
in alcoholic solution (Ger. Pat. 77,563), and zinc oxide and sodium 
hydroxide also reduce nitro- to azoxy-compounds. By oxidising 
azo-compounds with H 2 O 2 in acetic acid. They may also be ob¬ 
tained by oxidising amines, though the yield is poor {Bamberger^ Ber. 
36, 3805; Angelin Atti. Accad. Lincei 24, I, 1185). They may be 
obtained by spontaneous oxidation of N-pheiiyl-hydroxylamine in air, 
in which case nitroso-benzene is first formed and unites with the un¬ 
changed phenyl-hydroxylamine to give azoxybenzene. For a dis¬ 
cussion of steric hindrance in this reaction see p. 68 . S. Azoxy¬ 
benzene and its nitro-derivatives are obtained from nitro-compounds, 
such as ??t-dinitrobenzene, by the action of phenyl-hydroxylamine 


* See H. E. Bigelow, Chemical Reviews, 1931, 9,117. 
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(Meisenheimery Ber. S3, 358). 4- Benzyl alcohol reduces nitro- 
benzenes to azoxybenzenes, being its(jlf oxidised to benzaldehyde and 
benzoic acid {Sitter, Am. SO, 2733). 

History ,—^Azoxybcnzene was discovered in 1864 by Alexejev who 
reduced alcoholic nitrobenzene with sodium amalgam (Bull. 6, 324; 
Glaser, Z. f. Chein., 1866, 309; Wreden, Ber. 6, 558; lAmpricht, Ber. 
18, 1420). 

Constitution .—Instead of the symmetrical formula Angeli (Gazz. 
46, II, 67) first suggested the asymmetrical formula Ph-N(0);N-Ph 
as a logical consequence of the formula assigned by him to phenyb 
nitramine (p. 111). If this formulation is correct, isomeric forms of 
asymmetrical azoxy-compounds would be expected, and two isomers 
of compounds like monobromoazoxybenzene, BrC 6 H 4 • N(O): N • Ph and 
BrC6H4N:N(0)-Ph, have actually been isolated by oxidising the 
asymmetrical azo-compounds with H 2 O 2 as well as by method by 
condensing nitroso-coinpounds with phenyl-hydro^^lamine in the 
presence of a little caustic alkali. Of the two possible formulae of 
azoxy benzene: 


CeHs N- N-CgHs and 

N)/ 


C«H6—N=N~-Call6 
i 
o 


only the asymmetrical one will account for such isomerism. Further, 
isomerism would be expected owing to the different spatial arrange¬ 
ment of the groups attached to the N-atoins {Muller, Ann. 495, 132): 


N=-N 

/ o\ 

C«H6 CJIb 

n- or ciVform 


\[= 


=N 

0 \ 


CflHt 
ISO- or trans-form 


The iso- differ from the n-forms in being less soluble in ligroin. For 
the absorption spectra of azoxy-coinpound see Auwers, Ann. 499,123. 

Reactions. — 1. When reduced by heating with iron filings they 
give azo-compounds; with ammonium sulphide, they give hydrazo- 
compounds, and with acidic reducing agents amino-compounds are 
formed. All these products arise from the decomposition and reac¬ 
tions of the hydrazo-compounds first formed. 

2. They undergo an interesting rearrangement into hydroxy-azo- 
compounds when gently warmed with cone, sulphuric acid {Wallach, 
Ber. 13, 525; c/. Ba7M6er(7er, Ber. 33, 3192; LacAma/^n, Am, 24, 1178; 
Parsons, J. Am. Chem. Soc. 58, 268). 

5. With magnesium methyl iodide, or magnesium and magnesium 
iodide, azoxybenzenes are first reduced to azobenzenes and then to 
hydrazobenzenes {Gilman, Rec. 50, 522). 

Azoxybenzene, PhN(0):NPh, n-, or cis-, form, m.p. 36®, m 1.70, 
and iso, ot trans-, form, m.p. 86®, m 4.87. The latter is a by-product 
in the reduction of nitrosobenzene with alcoholic soda and is sepa¬ 
rated from the normal form by means of ligroin {Reissert, Ber. 42, 
1367). When heated it changes into the normal form. This is in¬ 
soluble in water, readily soluble in alcohol and ether. When dis- 
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tilled, it is partly converted into azo-benzene and aniline, and when 
treated with cone. H 2 SO 4 into p-hydroxy-azobenzene and other 
products {Knipscheer, Rec. 22,1). 

Azoxybenzene reacts with benzene and aluminium chloride giving benzene-azo¬ 
diphenyl, PhN 2 CoH 4 Ph, and diphenyl-azo-diphenyl, Ph*C 6 H 4 N 2 C 6 H 4 *Ph {jBaiid- 
rovski, C. 1904, I, 1491). 

o.o-Dichloro-azozybenzene, m.p. 57° and 93° (Mailer, Ann. 493, 168; 495, 
135). 

o-Nitro-azoxybenzene, m.p. 49°; m-Nitro-azozybenzene, m.p. 120-121° and 
86-88° (Meisenheimer, Ber. 53, 364); p-nitro-azoxybenzene, m.p. 149° and 153° 
(Angeli, Atti. Accad. Lincei 20, II, 170). The a-compound is reduced to phenyl- 
aznitroso- and phenyl-azimino-Denzene (Werner, Ber. 32, 3263). For the further 
nitration of the 0 - and p-compounds see Angeli, loc, cit. 

a8-3,5-Dinitro-l-azoxybenzene, m.p. 171-173° is obtained from 1,3,5-trinitro- 
benzene and phenyl hydroxylamine (Meisenheimer, Ber. 53, 358). 0 , 0 '-Dinitro- 
azoxybenzene, m.p. 175° (Bamberger, Ber. 36, 3813). 8^-p,p'-Dinitro-azoxy- 
benzene, m.p. 192° is obtained by oxidation of p,p'-dinitro-azobenzene. aym- 
r«,m'-Dinitro-azoxybenzene, m.p. 146.5°, is obtained from w-dinitrobenzene 
(Willgerodl, Ber. 25, 608; Brand, Ber. 38, 4013). Iso-compounds, o-, m-, p-, 
m.p. 81°, 89°, 85-86° (Muller, Ann. 495, 135). Trinitro-azoxybenzenes are 
obtained from azoxybenzene (Klinger Aim, 255, 310). 

o-Hydroxylamino-azoxybenzene, N‘H0H[2]CeH4N:N(0)-Ph, m.p. 118°, is 
produced from o-nitro-azoxybenzene by catalytic reduction (Cusmano, Gazz. 
51,1, 65). 

.s^m-m-Diamino-azoxybenzene, azoxy-aniline, m.p. 147° (Meldola, J. 69, 7). 
p-Tetramethyl-diamino-azoxybenzene, m.p. 243° is obtained from nitrosodi- 
methylaniline. 

POLY-AZOXY-COMPOUNDS: Ph N(O):N C 6 H 4 N;N( 0 ) Ph, m.p. 168° 
(a-form). Ph-N-N(O).Ct»Il 4 N( 0 ):N-Ph, m.p. 155° (Morm), Ph*N(0):. 
N *C 6 H 4 - N(0) :N - Ph, m.p. 148° ( 7 -form) (Angeli, Atti. Acoad. Lincei 22,1,844). 

AZOXYTOLUENES, 0 -, m-, p-, m.p. 59° and 82°, 38° and 89°, 76° and 83- 
85°. 2 , 6 -Dinitro- 4 -azox 3 rtoluene, m.p. 212-213°, is formed, together with the 
corresponding 4-amino-toluen^ m.p. 168-169°, when 2,6-dinitro-4-hydroxyl- 
amino-toluene is boiled with HCl (Anschutz, Ber. 48, 152). 

( 0 ) Azo-compounds 

Like the diazo-compounds, the azo-compounds contain a group of 
two nitrogen atoms. In the former, this N 2 group is combined with 
one benzene ring and an inorganic residue; in the azo-compounds it 
links two benzene rings together, or one benzene ring and an aliphatic 
radical: 


PhN=N-Ph PhN=N-Me 

Aaobonzene Bensene-azometbaoe 

On this account, the azo-compounds are much more stable than the 
diazo-compounds, and they react without elimination of nitrogen. 

The diazobenzene cyanides, the derivatives of benzene-azo-carboxylic acids 
(p. 121 ) and other similar compounds, are intermediate links between the diazo- 
and the azo-compounds. * 

Classificdtion and nomenclaiure. —^The true aromatic azo-compounds 
are distinguished as symmetrical w^hen they have two identical 
aromatic residues, and asymmetrical when the two residues are 
different. Azo-compounds in which the azo-group links an aromatic 
to an aliphatic residue are called mixed azo-compounds. 

The names of asymmetrical azo-compounds are composed of the 
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names of the two compounds in each of which the azo-group replaces 
one H-atom, separated by the word azo; thus, Ph N==N •C 6 H 4 NMe 2 
is called benzene-azo-dimethyl aniline; Ph-N—N-Me is called ben¬ 
zene-azo-methane. If the benzene residues contain substituents, the 
positions are designated by the numbers 2 to 6 in the one, and 2' to 6' 
in the other, 1 and 1' being assigned to the azo-group. 

bis-Azo- and ^m-azo-compounds, containing the azo-group, respec¬ 
tively, twice or thrice have been prepared by Wallach (J3er. 15, 
2812). 

Methods of formation, — 1, Azo-compounds are obtained by reduc¬ 
tion of iiitro-compounds in alkaline solution, azoxy-compounds (p. 
133) being intermediate products. In acid solution amines, the final 
reduction products of nitro-compounds, are almost invariably formed. 
The following reducing agents may he used: zinc dust and alc(3holic 
potash or soda, or caustic soda, or ammonia (Noeltingy Ber. 21, 3139); 
sodium or magnesium amalgam and alcohol (EvanSy Am. 26, 1161); 
SnCla in NaOH (Witty Ber. 18, 2912). In addition, electrolytic reduc¬ 
tion (Elhsy Z. Elektrochem. 5, 108; (ler. Pats. 108,427, 121,810, and 
121,900) and catalytic reduction with hydrogen in the presence of Tl- 
powder (HenkCy J. Phys. Chem. 26,631) have been used. 

By more complete reduction hydrazo-compoimds are formed in 
addition to the azo-compounds, and finally amines are produced. 
Azobenzene is the niiddk) member in tlu^ s(>ries of reduction products 
of nitrobenzene, if N-phenyl-hydroxylamine is disregarded: 


C^HjNOj - 

Nitrobenzene 


Cells—NO 

Azoxy benzene 


N-Celh 
C,H,—ll 

Azobenzeiie 


CellftNH 


CeHjNH 

Uydrazobenzene 


CeH^NH,. 

Aniline 


2. Azo-compounds may also be prepared by heating azoxy- 
compounds with iron filings. 

3. They may be obtained by oxidation of (a) hydrazo-cornpounds 
(p. 143) and (b) primary amines in alkaline solution simply by the 
action of aii- (BaawescUy Ber. 42, 2938) or, more readily b}^ the action 
of KMn 04 (Glaser, Ann. 142, 364), K 3 pV(f'N) 6 , or NaOBr. 

The following reactions also give rise to azo-(*ompounds: 

4 . The act i(>n of nitroso-benzenes (p. 6<)) on anilines. 

5. The action of ammoniacal cuprous solutions on <liazonium salts 
(p. 125). 

6. The rearrangement of ceitain diazoaniino-com])ounds into 
aminoazo-compounds (p. 140). 

7. The action of diazo-salts on (a) tertiary aromati(^ amines, (h) 
m-diamines, (cf, p. 139), (c) phenols and phenol ethei s. 

8. The action of diazo-compounds which couple readily (those of 
nitraniline, dinitro- and trinitro-anilines) on aromatic hydrocarbons, 
such as mesitylene. 

Methods 6 and 7 lead to the amino- and hydroxy-compounds of 
azo-hydrocarbons, some of which are important in the dyeing indus- 
try. 

Mixed azo-derivatives are frequently obtained by combining diazo- 
salts with suitable aliphatic compounds which contain easily replace- 
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able hydrogen atoms united to carbon, or with heterocyclic com¬ 
pounds, such as pyrrole, pyrazole, etc. Some diazo-compounds, which 
couple veiy readily (c/. 8) niact even with olefines, such as butadiene, 
etc. {Dimrothy Ber. 50,1534). 

Properties .—The azo-compounds are more highly coloured than 
the pale-yellow or colourless azoxy-compounds. They combine with 
acids with great difficulty unless they contain a basic amino-group 
(Hantzschy Ber. 42,2130). They can be directly chlorinated, nitrated, 
or sulphonated. Reducing agent/S either convert them into hydrazo- 
compounds (p. 143), or the double bond is broken and amines are 
formed. The latter reaction serves to establish their constitution. 
Oxidising agents, such as H 2 O 2 , convert them into axozy-compounds. 

As far as is known, the azo-hydrocarbons possess the trans-con^ 
figuration with respect to the —N—N— group; this is indicated by 
measurements of dipole moments. Azobenzene, for example, has a 
zero dipole moment {Bergmamiy Ber. 63, 2572), 


Symmetrical A zo~compounds 

Azobenzene, C 6 H 5 N=NC 6 H 6 , m.p. 68°, b.p. 293°, was discovered 
by Mitscherlich in 1834. It forms orange-red, rhombic crystals, 
readily soluble in alcohol and ether, and sparingly soluble in water. 
It is obtained from nitrobenzene, aniline, hydrazobenzene, or azoxy- 
benzene by the methods given above. It is also obtained by the 
action of atmospheric oxygen on potassium-aniline, and from bromyl- 
aniline (PhNBr 2 ) by the action of sodium. 'WTien reduced with tin 
and hydrochloric acid it is converted into benzidine. Hydraziben- 
zene is first formed in this reaction, but rearranges. With metallic 
potassium, azobenzene forms a brownish-violet addition prodtict 


similar to quinhydrone in character, 
Ber. 54, 204). 


PhNKNKPh 

Ph.N=-=N.Ph 


> 


{Emmerty 


Azobenzene is attacked by methyl alcoholic HCl, simultaneous reduction and 
chlorination occurring (AuwerSy Ann. 367, 309). With benzene and aluminium 
chloride in the presence of HCl, amino-diphenyl, PhC 6 H 4 NH 2 , is formed (Pw?a/- 
mereVy Ber. 55, 3095). Azobenzene combines with benzene-sulphinic acid to give 
N-phenyl-sulphone-hydrazobenzcne, m.p. 107®. When heated with CSs it yields 
mercapto-thiazole (c/. thiazoles, Vol. IV) (Jacobseny Ber. 24,1403). Organo-mag- 
nesium compounds reduce it to hydrazobenzene; for the mechanism of this re¬ 
action see Gilmany Am. 48,2004. For the electrochemical oxidation of azobenzeue, 
see Fichter, Helv. 4, 1000. Quinoid salts of azobenzeue, of the type 


R.NHN>C6Hi<^ 


H 

X 


have been studied by Hantzsch (Ber. 63, 1760). 

When azobenzene is nitrated, nitro-azoxybenzenes are chiefly formed, oxidation 
going on simultaneously, o-, m-, p-Nitro-azobenzenes, m.p. 71, 96, and 135®, 
are prepared by acting on the three nitro-nitrosobenzenes with aniline, or the 
three nitranilines with nitrosobenzene (Bamberger^ Ber. 36. 3811, 3818). 

2.4-Dinitrobenzene-azobenzene, m.p. 117®, is obtainea from the correspond¬ 
ing nydrazobenzene (p. 143) by oxidation. and '-Dinitro-azobenzenes, 

m.p. 153® and 223®, the latter forming orange-red laminae, are obtained from 
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p-nitraniline by the action of bleaching powder in aqueous suspension {Green, J. 
99. 1960). Cy. Werner^ Ber. 32, 3256. Trinitro-azobenzene see Werner^ ibid. 
^4,6,4'-Tetranitro-azobenzene, m.p. 163-164® (Ciitsa, Gazz. 41, 1, 688). sym- 
Hexanitro-azobenzene, m.p. 215® (Leemann, Ber. 41, 1297). o-Nitroazo-com- 
pounds give phenyl^azimide oxides and phenyU^-azimides on reduction {Bamberger^ 
Ber. 36, 3822). 

AZOTOLUENES. Benzene-azo-o-toluene, Ph*N:N-C 8 H 4 Me, b.p. (4 mm.) 
156-158®, benzene-azo-p-toluene, m.p. 71-72®, obtained from nitroso-benzene 
and 0 - and p-toluidine, resp., are reduced by zinc dust in alcoholic acetic acid 
solution to bemene-hydrazo-o- and -p-toluene, resp., m.p. 101-102®, and 87-88®, 
resp. {Ritter^ Am. 52, 281). o-, w-, and p-Azotoluenes, m.p. 157®, 55®, and 143® 
{SchUliZj Ber. 17, 463; Klinger^ Ber. 18, 2551). Azoxylenes and azo-trimethyl- 
benzenes are also known. 

MIXED AZO-COMPOUNDS. Benzene-azomethane, PhN=NMe, b.p. 
about 150®, and benzene-azoethane, PhNrNEt, m.p. about 180®, are liquids with 
a peculiar odour, obtained by oxidising the corresponding hydrazines with mercuric 
oxide; small quantities of benzcnc-azocthane are also obtained by the action of 
phenylhydrazine on formaldehyde {Stobbe^ Ber. 47, 578). Sulphuric acid, or 
NaOEt converts benzeno-azocthane into the isomeric acetaldehyde-phenylhydra- 
zone, PhNH • N: CPICH 3 {Fischer, Ber. 29, 1794; Bamberger, Ber. 36, 56). 
With amyl nitrite and NaOEt both beiizene-azoethane and acetaldehyde-phenyl- 
hydrazone give benzene-acetaldoxime, PhN: NC(NOH)Me. In coinpounas of the 
type 

ArN:NC(NOH)R or ArNH*N:C(NO)R 
and ArN:NC(NOOH)R or ArNHN:C(N02)R 

the desmotropic relations between azo- and hydrazone- forms are closer than in 
the simple mixed azo-compounds. These classes of compounds designated as 
bemene-azo-aldoximes or nitroso-phenylhydrazones, and as henzene-azo’-nitronic 
acids or nitro^phenylhydrazones, respectively, will be dealt with later, after the 
phenylhydrazine derivatives (p. 161) and together with the related amidrazones 
and ^omazpZ-compounds. 

Diazo-salts combine with compounds with reactive CH 2 -groups to form mixed 
azo-compounds, such as benzene-azo-acetoacetic ester, PhN:NCH(COCH 3 )COOR, 
and benzene-azo^nitrometha'ne, PhN:N*CH 2 N 02 , which apparently rearrange 
immediately into the desmotropic hydrazone forms PhNH*N:C(COCH 3 )COOR 
and PhNH-N;CHN02. For the structure of henzene-azo-aminocrotonic ester 
formed from aminocrotonic ester and a phenyl-diazonium solution, see Prager, 
Ber. 35, 1862. 

Phenyl-azo-carbozyl amide, Ph«N:N’CONH 2 , orange-red needles, m.p. 114®. 
is an oxidation product of /3-phenyl-semicarbazide (p. 158). Phenyl-azo-carboxyl 
anilide^ PhN:NCO‘NHPh, m.p. 122®, is obtained from 1,4-diphenyl-semi- 
carbazide (p. 158). Azo-hydroxamic acid, PhN:N*CO*NHOH, is produced 
from an aryl-diazonium salt by the action of potassio-trinitrometliane, an addi¬ 
tion product jand possibly nitrocarbonyl-arylnitroso-hydrazine being intermediate 
products. Phenyl-azo-formhydroxamic acid, PhN:N‘CONHOH, colourless 
needles, m.p. 84-85® gives, when nitrated, p-nitrophenyl-azo-formhydroxamic 
acid, yellowish needles, m.p. 165-166®. p-Tolyl-azo-formhydroxamic acid, 
m.p. 102®. When heated with caustic alkalis these compounds decompose into 
aryl azides and CO 2 {Ponzio, Gazz. 45, II, 12; 46, II, 56). 

Certain other substances may also be regarded as mixed azo-compounds, e.g., 
the diazo-cyanides (p. 121), diphenyl-sulpho-carhazone and -^rhodiazone (p. 160), 
benzoyl-diazobenzene (p. 303), and many azo-compounds prepared by combining 
diazo-salts with heterocyclic compounds, such as pyrrole, pyrazole, etc. ; also com¬ 
pounds produced by the action of p-nitro- and o,p-dinitro-phenyl-diazo-hydrox- 
ides on aliphatic olefines, such as butadiene and isoprene, e.g., p-nitrqphenyU 
azobutadiene, NO 2 C Jl 4 -NtN*011:011 *011; (JH 2 (Afeycr, Ann. 398, 66; Ber. 47, 
1741). For azo-keUmes and azo-nitriles see Angeli, Lincei 24,1, 1185. 

AMINOAZO-COMP017NDS. The azo-compounds are all 
orange-yellow to orange-red in colour, but they are not dyestuffs. 
By the introduction of amino- or hydroxyl-groups in the o- and p- 
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position to the azo-group, o- and p-aminoazo-compounds, and o- and 
p-hydroxyazo-compounds are obtained, and these will dye silk and wool 
{Bim, Ber. 35, 4225). The number of azo dyestuflfs is very great; 
some of the simplest will be mentioned here, while the most important 
representatives of this class from an industrial point of view will be 
dealt with elsewhere in this book, chiefly in the section on naphthalene 
derivatives. More important than the aminoazo-compounds them¬ 
selves are their sulphonic acids. 

Methods of formation, — 1, From diazoamino-compounds, e,g,, p- 
aminoazobenzene from diazoaminobenzene (p. 126). This rearrange¬ 
ment is a general reaction taking place under certain conditions in the 
presence of acids; it proceeds almost quantitatively when an excess of 
aniline and a small amount of aniline hydrochloride are added, the 
solution being then feebly acidic. Under modified conditions, Witt 
has succeeded in obtaining also o-aminoazobenzene (Ber. 46, 2557). 
The reaction i)roceeds only with difficulty if the p-position to the 
amino-group in the diazoamino-compound is occupied. However, 
with a compound like diazoamino-p-toluene, Me[ 4 ]C 6 H 4 [l]N:N[l']- 
NHC 6 ll 4 [ 4 ']Mc, wdiere methyl occupied the p-position to the NH 
group, the change can be effected by dissolving the substance in 
molten p-toluidine, adding p-toluidine hydrochloride and heating to 
65®. In the resulting amino-azotoluenc, the amino-group is in the 
ortho-position to the azo-group, o-aminoazotoluene, or i-methyJr 
benzeneazO’4 '-rnethyl-2 '-aminohenzene^ CHa [4IC 6 H 4 [1 ]N: N [1' jCeHa- 
[ 4 ' 1 CH 3 [ 2 ']NH 2 , (Nodting, Ber. 17, 77). 

2, Uiazonium salts react with (a) tertiary aromatic amines, and 
( 6 ) m-diamines, in neutral or weakly acidic solution {Hofmann^ Witt^ 
Ber. 10,389, 654): 

CflHfi-NzNOa -f C6HfiN(CH3)j == Cellg-N:N[l]C6H.[4JN{CH,)2 + HNO, 

/Nlbin /NH2[2] 

CeHo NoNO, + C«H4< - C,H5 N:N[1]C6H3< -f HNO,. 

\nII2[31 \NH2[4] 

Primary and secondary monoamines in general give diazoamino- 
compounds mo.st readily in neutral or acetic acid solution {Bamberger^ 
Ber. 24, 2077), and these, under the conditions specified above, re¬ 
arrange to aminoazo-compounds. Ring-substituted amines, how- 
fiver, immediately give a certain percentage of aminoazo-compounds, 
and in the case of w-substituted amines, such as r^toluidine, they are 
the chief product {Mchner, J, pr. 65,401). 

The action of phenols on diazoniiim salts is similar; the hydroxy- 
azo-compounds which result will be dealt with later, in connection 
with the aminophenols. 

Mechanism of coupling, — 1, The simplest theory is the one put 
forward by K, H. Meyer (Ber, 47, 1741; 52, 1468), which brings all 
coupling reactions into a common scheme. It applies not only to the 
well-known coupling of the aromatic amines with phenols, aliphatic 
enols, and ocf-nitro-compounds, but also to the coupling of phenol 
ethers and particularly to that of diolefines and aromatic hydrocarbons 
discovered by Meyer. In all these cases the primary process may be 
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regarded as the addition of the diazo-compound to a double bond. 
The para-coupling is an addition in the 1,4-position to the system of 
conjugated double bonds present in the benzene molecule. When 
groujis like OH, NH 2 , etc., are attached to the double bond, as in the 
phenols, aromatic amines and enols, the double bond has become 
‘'active’^ and the addition occurs very readily. The following 
scheme repr<\sents the coupling of acetoacetic ester and of phenol, 
as given by this theory: 


Cil, 

C-OH 


PhNrNOH 


CHa 

C(OH)a 


cir, 

CO 


ROOC - on HOOC • CH • N: N Ph ROOC • CH • N; NPh 



PhNiNOH 

^ r:N/ 


PhN: 


-H 2 O 


PhN 




rearrangement 


PhN:N- 


on 


S. The coupling of phenols and of aromatic amines can be ex¬ 
plained from another point of view. The first phase of the reaction 
may consist of an interaction between the diazonium hydroxide and 
the OH or NH 2 group leading to the formation of a diazo-phenyl ether 
(Dimroth, Ber. 41, 4012; SO, 1534), or a diazoamino-compound. 
Such intermediate products are knowi in the cavse of nitroplienol and 
aniline, and rearrange readily into azo-cornpounds: 


02N< 


^0-N:N<1 


OjN-< ~^^N:N—^Br 

\)H 


<3n:N.NH<3-» 

Though phenol ethers and tertiary amines are incapable of forming 
similar intermediate products, the first attack might be directed to 
the methoxy- or dialkyl-airiino-group and an oxonium or ammonium 
compound might be formed, with subsec[uent rearrangement into an 
azo-compound {Karrer, Ber, 48, 1398). 

3, WielaruVs view of the coupling process is explained in Gaiter- 
mann-Wieland, Die Praxis des organischen Chemikers, 19 Auflage, 
1925, p. 278. 

4 . In Rosenhaaer^a view (Ber. 61, 392) no true rearrangement 
takes place, but the change is brought about by the acid (of the aniline 
or other salt added) decomposing the diazoamino-benzene to benzene 
diazonium salt + base, followed by a nuclear coupling of these two 
products. 

Properties and reactions. —^The amino-azo-compounds are crystalline 
substances, yellow, red, or brown in colour. Most of them dissolve 
freely in alcohol. With acids, two isomeric series of salts are formed. 
The salts of the first series are yellow, unstable, and are formed by the 
action of an insufficient quantity of acid; with an excess of acid, or 
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under the influence of pressure or heat, they are readily changed to 
the dark violet, stable salts of the second series. These latter are 
probably the salts of quinone-imido-hydrazones: PhNHN:C 6 H 4 :- 
NH.HCL They are the industrial aminoazo-dyes. The salts of the 
first class are given the formula Ph.N:N 00114 •NH 2 X (HarUzsch, Ber. 
41,1171; 63,1760). 

jf. The fission of the aminoazo-compounds on reduction has been 
mentioned above, and the significance of this reaction lias been ex¬ 
plained (c/. Witt, Ber. 21 , 3471; Frantzeji, J. pr. 76, 467). Some of 
them undergo the same decomposition when they are heated with HCl 
{Wallach, Ber. 17, 395). If TiCU is used as the reducing agent, the 
reaction proceeds quantitatively, and may be used for the volumetric 
determination of dyestuffs {Knecht, Ber. 36, 1552). 

2 . The aminoazo-compounds are converted by nitrous acid into 
diazO“Com])ounds. By reducing the diazoniuiu salts of o-aminoazo- 
compounds, v-dihydrophenotetrcLzines are obtained (Vol. IV). 

3. hidulines and eurhodines (Vol. IV) are formed when p- and 0- 
aminoazo-compounds, respectively, are heated with aniline hydro¬ 
chloride. 

4 . On oxidation the o-aminoazo-compounds giye psevdo-azimino^ 
compounds, and 

5. With aldehydes they form amino-benzirnidiazoles, 

6. The nitrates of aminoazo-compounds dc^compose, on heating, 
into free aminoazo-compounds and nitric acid. The two products 
react with each other, forming a diazonium nitrate and a nitro¬ 
compound of the amine (Casale, Gazz. 45, II, 397). 

o-Aminoazobenzene, forms deep red prisms with a greenish, 
metallic lustre, m.p. 59°. It is obtained by acting upon benzoyl-o- 
phenyleiie diamine with nitrobenzene to give o-benzoyl-aminoazo- 
benzene, and decomposing this with sodium ethoxide. Acetyl com¬ 
pounds, m.p. 126° {Witt, Ber. 45, 2380). 

p-Aminoazobenzene, Ph N:N(l)Ph( 4 )NH 2 , yellow flakes or 
needles, m.p. 127°, b.p. (12 mm.) 225°, boils without decomp, even 
at ordinary pressure. It can be obtained from p-nitroazobenzene, 
whilst the industrial method of manufacture is based on the rear¬ 
rangement of diazoamino-benzene, the latter compound not being 
actually isolated (Staedel, Ber. 19, 1953; Gattermann, Ber. 21 , 1633). 
It is oxidised by manganese dioxide and sulphuric acid to quinone. 
It is decomposed on reduction into aniline and p-phenylene diamine 
(p. 106). 

With one mol. of HCl it forms two isomeric salts: N==N— 

^—NHa+Cl”' is yellow, and —N—N==^ ^==NH 2 ^- 

H 

Cl~ is dark violet (Hantzsch, Ber. 63, 1760). In addition, salts with 
more than one equivalent of acid are known, the amino- and azo¬ 
nitrogen both uniting with a proton. For a discussion of azo-indi- 
cators and their changes of colour see Hantzsch, Ber. 41, 1171; 63, 
1760; Z. anorg. Chem. 135, 1 ), and Weissberger (Z. physikal.V 
Chem. A, 157, 65). According to Ostwald the yellow compound. 
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-NH 2 , changes, when forming a salt, into 

the meriquinoid form represented above, and the solution contains 
the ions of the latter. The \dolct hydrochloride and the oxalate were 
formerly used as dyes, but arc no longer of importance. The sul- 
phonic acids, known as fast yellow or add yellowj are more often 
used. Aminoazobenzene is manufactured in large quantities as a 
starting material for biVazo-dyes and indulines. When oxidised with 
H 2 O 2 in acetic acid it gives the triazo-compound PhN:N C 6 H 4 N:N - 
C 6 H 4 N:N Ph, red flakes, with a golden lustre, m.p. 229®, together 
with a i)is~azo-monoazoxy-compound, Ph N: N • C 6 H 4 • (N 2 O) • CeH 4 *N 
N.Ph, yellow crystals, m.p. 215®. Both substances, on continued 
treatment with H 2 O 2 , give the tri-azoxy-compound, Ph*(N20)-C6H4*“ 
(N 20 ) *C 6 H 4 (N20) *Ph, golden yellow prisms, m.p. 230® {Valorij Atti 
Accad. Lincei 25, II, 213). 


p-ACETAMINO-AZOBENZENE, m .p. 143®. Benzene-azo-phenyl-cyan- 
amide, PhN:NC 6 H 4 NHCN, m.p. 163®, is obtained by the action of phenyl dia- 
zonium chloride on sodio-c^yano-aniline (Pierron, C.r. 143, 340). Benzene-azo- 
phenylglycine, PhN:NC 6 H 4 NHCH 2 *COOH, m.p. 140°, is obtained from phenyl- 
glycine and phenyl diazonium chloride. For the acyl derivatives of p-aminoazo- 
benzene see Mai, Ber. 35, 580; Wielezynski, Ber. 35, 1431; Chattaway, Proc. 
18, 174). 

m-Aminoazobenzene, PhN 2 ( 11C6H4(3]NH2, m.p. 67®. Acetyl compound, m.p. 
131® has been obtained from nitroso-benzene and acet-m-phenylene diamine 
{Mills, J. 67, 925). Benzene-azo-p-dimethylaniline, PhN:N[l]C6H4[4]NMe2, 
m.p. 116®. p-Azobenzene-trimethylammonium iodide, PhN.NCaHiNMed, 
m.p. 185°, is obtained from the preceding compound by the action of Mel; 
in contrast to the corresponding primary and tertiary amine salts it does not dye 
wool or silk ( Vorlander, Ann, 345, 308). Benzene-azo-diphenylaminc, m.p. 82®. 
o-Aminoazotoluene, Me[2]C6H4[llN:N[l']C6H3[3',4'lMeNH2, m.p. 100®, is 
obtained from o-toluidine. ?n-Aminoazotoluene, Me[3]C6H4[l]N:N[l']C4H3“ 
(2',4']MeNH2, m.p. 80°. m-Nitrobenzene-azo-p-aminobenzene, m.p. 213° 
(Meldola, Proc. 1894, 140). For condensation products ol p-aminoazoDenzene 
with aldehydes and ketones see Reddelien, Ber. 53, 340. 

2, 4 .DIAMINOAZOBENZENE, PhN 2 C 6 Ha(NH 2 ) 2 , m.p, 117®, 
small yellow needles, is obtained from phenyl diazonium nitrate and 
m-phenylene diamine. Its hydrochloride is a commercial red dye 
known as chrysoidine. On reduction it breaks down into aniline and 
as-triarninobenzenc, C 6 H 3 (NH 2)3 (p. 109), 

o-Azoaniline, sym- 0,0 '-diaminoazobenzene, H 2 N • C 6 H 4 • N 2 ■ C 6 H 4 • NH 2 , copper- 
red flakes, m.p. 134°, is obtained by mild oxidation of o-phenylenc diamine (p, 
106), owing to the polymerisation of the o-quinone-diimine which is first formed 
{Willstdtter, Ber. 38, 2348). Its diacctyl compound, m.p. 271° is a reduction 
product of o-nitracetanilide {Brand, Ber. 39, 4062). 

p-Azoaniline, s^m-^,p'-diaminoazobenzene, H 2 N-C 6 H 4 *N 2 *C 6 H 4 *NH 2 , has 
been obtained from nitracetanilidc bv reduction with zinc dust and a^ali. from 
the diazo-compound of monoaceto-phenylene diamine and aniline, and also by 
reduction of p,p'-dinitroazobenzene (p. 137) {Janovsky, Mo. 6, 455; Witt, Ber. 
45, 1134), It crystallises from alcohol in yellow needles, hi.p. 250-255°. 

The tetra-alkyl derivatives of p,p '-diaminoazobenzene are known as azylines. 
They were first obtained by the action of nitric oxide on ^alkyl-anilines (Lipp- 
mann, Ber. 16, 2768): 2 Ph*NR 2 -► il 2 N*CeH 4 *N 2 *CeH 4 ’NR 2 , They are also 
formed by the interaction of the diazo-compound of dimethyl-p-phenylene di¬ 
amine (p. 107) and tertiary aromatic amines {Noelting, Ber. 18, 1143). The 
azylines are red basic dyestuffs; they dissolve in hydrochloric acid with a pumlo 
colour, and in acetic acid with an emerald-green colour. On reduction with SnCh, 
or Sn and HCl, they decompose into 2 mols. of dialkyl-p-phenylene diamine. 
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When heated at lOO” with 4 mols. of an alkyl iodide, they are also broken down, 
tetra-alkyl-p-phenylene diamines being formed. 

m,m'-Diammoazobenzene, m.p. 155"^, and tetramethyl-77?.,m'-diammoazo* 
benzene, m.p. 118®, are obtained from m-nitraniline and m-nitrodimethylaniline 
by reduction with zinc dust and alkali. In contrast to the o- and p-aminoazo« 
compounds, these compounds are only very weak dyes {Binz, Ber. 35, 4225). 

/NH2 

3,2',4'-Triammoazobenzene, H 2 N-CeH 4 *N 2 *C 6 Ha<^ , m.p. 144®, is best 

^NH2 

obtained from m-amino-phenylene-oxaminic acid, NH2[1JC8H4[3]NH-C0'- 
COOH, by diazotising, combining with m-phenylene diamine and hydrolysing. 
The action of sodium nitrite upon m-phenylene diamine hydrochloride gives rise 
to a mixture of bases, containing 3,2',4 '-triaminoazobenzcne, and mainly, phenyl- 
ene-6w-azo-m-phenylene diamine, C 6 n 4 [N 2 CflH*(NH 2 ) 2 ]*, m.p. 116-118®, formed 
by singly and doubly diazotised m-phenylene diamine coupling with one and two 
mols. of unchanged base, respectively. The hydrochlorides of this mixture of 
bases form the commercial phenylene brown, Bisrnarck brown. Vesuvine or Man¬ 
chester brown. It is used for dyeing cotton and leather (Mohlau, Ber. 30, 2203; 
Eiermann, Ber. 31, 188). 

(p) Hydrazine Derivatives 

The simplest aromatic derivatives of hydrazine are: phenyl- 
hydrazine, PhNH NH 2 , os-diphenylhydrazine, Ph 2 N*NH 2 , and sym- 
diphenylhydrazine, or hydrazobenzene, PhNH -NHPh. 

Phenylhydrazine and os-diphenylhydrazine both contain a NH 2 - 
group and resemble each other in many reactions, while sym-diphenyl- 
hydrazine behaves quite differently. 3ym-Diphenylhydrazine and 
its homologues, called ‘Miydrazo-compounds'' have been known the 
longest and will be dealt with first. They are closely related to the 
azo-compounds just discussed. The monophenyl- and os-phenyl- 
hydrazine groups will then be dealt with, and finally the triaryl- 
hydrazines, and tetra-aryl-hydrazines, which have been investigated 
chiefly by Wieland. The last two groups are related to the triaryl 
hydrazyls, and diaryl-nitrogen compounds, which will be treated in 
the section on free radicals. 

HYDRAZO-COMPOUNDS^ A. W. Hofmann (1863) discovered 
3y?n-diphenylhydrazine when subjecting azobenzene to mild reduc¬ 
tion, and called it hydrazobenzene because it differs from azobenzene 
in containing two more hydrogen atoms. This name has been uni¬ 
versally adopted. 

Methods of formation. —^Azobenzenc and related compounds are 
reduced to hydrazo-compounds by alcoholic ammonium sulphide, 
ethyl magnesium bromide, zinc dust and alcoholic potash, or sodium 
amalgam. U. S. Pat. 1,589,936 describes the catalytic reduction of 
azo- and azoxy-compounds to hydrazo-compounds. It is not neces¬ 
sary to isolate the azo-compounds, but azoxy-compounds can be 
treated directly with zinc dust and sodium hydroxide. For the 
electrolytic reduction of nitro-compounds to hydrazo-compounds in 
alkaline solution, see Hailssermann, Chem. Ztg., 17,129,209. Bigiavi 
{cf. Atti Accad. Lincei [6], 8, 167) has prepared hydrazo-beiizene by 
oxidising aniline. 

Hydrazobenzene, sym-^diphenyViydrazine^ PhNH • NHPh, m.p. 
131 decomp, at a higher temperature, or when heated with alcohol at 
120-130® (JBiahringer^ Ber. 36, 340), into azobenzene and aniline. 



144 


HYDRAZO-COMPOUNDS 


For the interpretation of this process see Wielandj Ber. 48, 1098; 
Goldschmidt, Ber. 55, 3217. It forms colourless flakes or plates, 
insoluble in water, readily soluble in alcohol and ether. It smells of 
camphor. It is oxidised in moist air to azobenzene, or in alcoholic 
solution, especially in the presence of alkali, with the formation of 
H 2 O 2 . It is a neutral substance and does not form salts with mineral 
acids, but under their influence it undergoes interesting internal re¬ 
arrangements, the benzidine and semidine changes. Hydrazobenzene 
is decomposed by powerful reducing agcuits into two mols. of aniline. 
It reacts with nitrob^mzeno to give azobenzene and /?-phenyl-hydrox- 
ylamine (Bistrzyeki, Ber. 33,476). 

With phenyl isocyanate and phenyl mustard oil, hydrazobenzene gives sub¬ 
stituted ureas {Goldschmidt^ Ber. 23, 490; Marckwald^ Bc^r. 25, 3113). It reacts 
with aldehydes in various ways. Formaldehyde gives CH 2 (PhN.N HPh)* and 
/NPh NPhv /NPh 

>CH 2 ; acetaldehyde gives MeCH^ | ; benzaldehyde oxi- 

^NPhNPh/ ^NPh 

(Jises it to azobenzene (Rassmv, J. pr. 65, 97). With oxygen it oxidises so readily 
according to the reaction PhNHNlIPh 4 - 02 ®= Ph-NN-Ph -f- H 2 O 2 , that very 
concentrated solutions of hydrogen peroxide may be prepared by this method 
(JValtofi., Am. 54, 3228). Mixed aliphatic-aromatic aldehydes combine with two 
mols. of hydrazobenzene to give colourless hydrazoins of the formula ArCH 2 CH: - 
(NPh.NHPh),. When heated with CS 2 it gives thiocarbanilide and sulphur. 
When heated with phthalic anhydride to 200 ° it gives N,N'-diphthalyl-benzidine, 
C«H 4 (C 0 ) 2 :N-C 4 H 4 *C(JH[ 4 *N:(C 0 ) 2 C«H 4 {Sinionyi, Ber. 47, 2657). Certain 
nuclear-substituted hydrazobenzenes dispromjrtionate when heated into azo¬ 
benzene and aniline: Ph-NH-NH Ph = Ph N.-N'Ph -f 2 H; Ph-NH-NH-Ph 
+ 2 H « 2 Ph-NH 2 (Stieglitz, Am. 38, 1736). 

Hydrazobenzene and methyl acetylene-dicarboxylate (Vol. I, p. 578) unite to 
give a product to which first assigned the formula I (Ann. 511, 168). Acids 
convert this substance into the pyrazolone derivative (II), and when boiled with 
xylene it loses aniline and becomes indoIe-a,/^^-dica^boxylic ester (HI). When it 
is heated above its m.p. (151°), or boiled with pyridine or dimethylaniline, a 
quinoline derivative (IV) is formed. The fact that all these heterocyclic systems 
are formed makes it probable that the primary addition product has the polar 
formula V: 


CeHsN-CCOOR 

c,h,i!ih Iih coor c,hj^ 

I 

CCOOR 

•NHC,H. 

IV 


C,H,N—CCOOR CCOOR 

I ^CII C,H4<(^^.C00R 


C.H 4 




II III 

Ci,H5N+ -ocoor 

CeHjNH-CCOOR 

V 


Monoacetyl-hydrazobenzene, m.p. 159?. decomposes at higher temperatures 
into azobenzene and acetanilide. Diacetyl-hydrazobenzene, m.p. 105° {Stem^ 
Ber. 17, 379; Schmidt^ Ann. 207, 327). For other acetyl derivatives, see Rie^- 
ringer, Ber. 36, 137; Bieehoff, Ber. 31, 3241; Freundler, C.r. 136, 1553. 

0 -, m-, and p-Methylhydrazobenzenes, or w-, p-tolylphenylhydrazinea, 

m.p. 101°, 60°, 87-88°, are obtained from the benzene-azotoluenes (p. 138) by 
the action of zinc dust and alcohol and acetic acid {Ritter, Am. 52,2816). 
si^-Hydrazotoluenea, MeCiH 4 NH<NHCiH 4 Me: o-, m.p. 156°, m-, liquid 
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(Basaitavaky, Ann. 207, 116), p-, m.p. 128^. Hydrazozylenes; Noelting, Ber. 
21,3141. 

«2/7n-Dihaloffeno-hydrazobenzen68 have been obtained from the corresponding 
azo-compounds. p-Diamino-hydrazobenzene, NH2[4JCJl4(l]NH.NH[l'J- 
C.H4l4;iNHj, m.p. 146® is obtained from p-dinitro-azobenzene by the action of 
ammonium sulphide (Janavaky, Ber. 18, 1136). 

oa-Nitrohydrazobenzenes have been obtained by reduction of nitroazo- and 
nitroazoxy-compounds, and also from chloro-dinitro- and chloro-trinitro-benzenes 
by the action of phenylhydrazine (E. Fischer, Ann. 190, 132; Willgerodt, J. pr. 
37,345; 44, 67; Werner, Ber. 32,3280; Rassow, J. pr. 65, 97). aj/m-Hezanitro- 
h^drazobenzene, black crystals with a metallic lustre, m.p. 201®, is obtained from 
picryl chloride and hydrazine. 


The Benzidine and Semidine Rearrangements of Hydrazo-compounds 

A remarkable rearrangement takes place when hydrazobenzene Is 
treated with acids. When azobenzene is reduced in acid solution, 
the hydrazobenzene, which is presumably the first product, does not 
form salts, but is converted into benzidine, or p,p'-diaminO'diphenyl, 
a diamine, in the presence of acids, even in the cold. Benzidine is a 
starting material in the manufacture of substantive cotton dyes, and 
is made industrially by the above method. In addition to benzidine, 
small quantities of diphenyline (p. 498) or o,p-diamino-diphenyl are 
formed (Bandrovski, Ber. 17,1181): 


CeH4l4]NH2 

(!:,H4(41NH, 

Benasidtne 


C«H»NH 

c,h»Ah 

Hydra sobeuzeue 


C,H4l41NH, 

Diphenyline 


The main change, the migration of the two amino groups into the p- 
position to the point of union of the two rings is called the benzidine 
rearrangement. This change is an intramolecular process, for a mix¬ 
ture of 2,2'-dimethoxy-, and 2,2'-diethoxy-hydrazobenzene gives only 
3,3'-dimethoxy- and 3,3'-rliethoxy-benzidines, and no mixed methoxy- 
ethoxybenzidine (Chaprnan, J. 1933, 806). 

The change is best effected by mineral acids, although boiling formic or acetic 
acid will also convert hydrazobenzene into acyl-compounds of benzidine (Sachs, 
Ber. 35, 1433). 

sym-o- and m-Ditolyl-hydrazines or o- and w-hydrazotoluenes and other hy- 
drazo-compounds in which the p-pasitions to the imino-groups in both rings are 
free give, with acids, p-diamino^Uolyls or loluiines, etc. 

When, however, p-hydrazotoluene is treated with aciueous mineral acids, it 
changes partly into p-azotoluene and p-toluidine, and partly into o-amitio- 
diiolylamine (Jacobson, Ber. 27, 2700), The latter is the chief product when 
SnCla and HCl are used: 


CH, 

CH.< ( ^ HN—NH< ^^ ) >CH, -» CI!4< ( ) >—NH 

p-Hydrazotoluene o-Amino* [4,3q>ditoiylaimne 

This is called the semidine transformation because only one NH-group is changed 
into NHj, and not both as in the benzidine rearrangement. In singly p-sub- 
stituted hydrazobeuzenes the amino-group may enter the o- or p-position to the 
imino-group; the rearrangement is then called an o- or P'Semidiue rearrange¬ 
ment. 
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Often these changes go on simultaneously and both diphenyl- and semidine 
bases are formed. Hydrazobenzene in benzene solution gives a small amount of 
o^amino-diphenylamine on treatment with HCl gas: 

^ NH—NH< (^ ) > -> < (^ ) >—NH 



p-Acetamino-hydrazobenzene gives acet^p-diamino^diphenylamine with SnClt 
and HCl: 


CiH,0 •NH<^^ ^NH—NH<( ^ 


CjH,ONH< 


-NH 


) >NH. 


Some p-derivatives of hydrazobenzene eliminate their substituents in the benzi¬ 
dine rearrangement; thus p-chlorohydrazobenzene and p-hydrazobenzene-car- 
boxylic acid give benzidine. For tlie influence of the substituents on the course of 
the change see Ann. 369, 1. 

A brief summary of the rearrangements in which a migration of the substituent 
in N-substituted anilines occurs and nuclear-substituted compounds result, may 
now be given. Neutral compounds are converted into more basic ones. These 
rearrangements are: (1) phenylnitrosamines to p-nitroso-anilines (p. 110); 
(2) phenyl-nitramines to n-nitranilines (p. Ill); (S) jS-phenyl-hydroxylamines 
to p-aminophenols (p. 68); (4) phenvlhydrazines to p-phenylene diamines (p. 
150); (5) N-chloroanilines to p-chloroanilines (p. 102): (6) diazoarnino- to p- 
aminoazo-compounds (p. 138); (7) hydrazobenzenes to benzidines and amiiioai- 
phenylaroines; 


m C«n5N(CH,)NO 
'^) CeH5NH.N02 — 
‘ C«H6Nn(OH) — 
C«H6NH{NH2)— 
CeHsNHCl- 


u: 

(7) 


CeHsNHCNjCftHfi)- 

CeHfiNHNHCellft- 


0NC(|H4NHCH,. 

O 2 NC 6 H 4 NH 2 . 

HOC 6 H 4 NH 2 . 

NH2CeH4NH2. 

C1C«H4NH2. 

(CflH5N2)-C6H4NH2. 

NH2C«H4-C«H4NH2. 

C4H6NH-CeH4NH2. 


There are also a number of reactions in which carbon groups migrate from the 
nitrogen to the ring, such as the rearrangement of phenyl-aEkylamines to homo- 
logues of aniline (p. 82), of diacotanilide to acetamino-acetophenone (p. 89), 
of phenyl-sulphamic acid to o- and p-anilino-sulphonic acid (p. 86), of phenyl- 
sulphuric and phenyl-carbonic acids to phenol-sulphonic and salicylic acids (p. 
196), and of 0-azo- to hydroxyazo-compounds (p. 209). 


The Phenylhydrazines 

Pheiiylhydrazines and as-diphenylhydrazine are obtained by the 
reduction of phenyl-diazonium salts and diphenyl-nitrosamine, n;- 
spectively, that is to say, from the products formed by the action of 
nitrous acid on primary and secondary aromatic amines: 

PhNHzIICl-> PhNs • Cl -> PhNHNHa • HCl 

PhjNH -> PhzN • NO- > Ph • N NII 2 . 

Methods of formaiion.—L Reduction of diazo-compounds. (a) 
When alkali bisulphites are allowed to act on potassium diazobenzene 
sulphonate (p. 121) the latter is reduced to a colourless phenyl- 
hydrazine sulphonate: 

Ph‘N:N-SO,K + KHSO, -f H2O « PhNH NHSO,K -f KHSO4. 
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When this is heated with cone. HCl, phenylhydrazine hydrochloride 
is formed. 

PhNHNHSOaK + HCl + H 2 O = PhNHNHrllCl + KHSO*. 

If free sulphurous acid is used in the reduction of a diazonium salt in acid 
solution, cither the so-called phenyl-benzene-suiphazide, PhNHNHS 02 Ph (p. 
155), or azobenzene-p-hydrazine sulphonic acid, PhN:N*C 8 H 4 *NH-NH-SOaH 
(p. 155) is formed, according to the concentration of acid. 

p-Nitrophenyl-diazonium nitrate and two mols. of potassium sulphite give j>- 
nitrophenyl-hydrazine disulphonate, C«H 4 (N 02 )N(S 03 K)NH(S 03 K), which is 
quantitatively decomposed to p-nitrophenyl-hydrazine by HCl. Similarly phenyl¬ 
hydrazine disulphonate, PhN{S0aK)NH(S03K) is obtained from benzene diazo- 
sulphonate and K2SO3, or more conveniently from nitroso-acetanilide and KaSOa 
(p. Ill); it is decomposed by hot HCl to phenylhydrazine and sulphuric acid, 
and to benzene diazosulphonate by alkali (Bamberger, Ber. 30, 374). 

(b) Potassium diazobenzene-sulphonatc is reduced with acetic acid 
and zinc dust. 

(c) Diazonium chlorides are reduced with SnCU and HCl {Meyer, 
Ber. 16,2976; Fischer, Ber. 17, 572), or electrochemically: 

PhNaCl -1- 2SnCl2 + 4HCI - PhNH-NH-HCl + 2SnCl4. 

The alkali-metal salts of diazo- and isodiazobenzene (p. 120) and potassium iso- 
diazobenzene-sulpho;iate are reduced to phenylhydnizine by sodium amalgam 
(Hantzschf Ber, 30, 339). 

Diazoamino-compounds, on reduction with zinc dust and acetic acid in 
Mlcoholic solution break down into anilines and hydrazines: 

PhNa-NHPh + 2 II 2 = PhNH-NHa + PhNH*. 

Diazoaminobenzene Phenylhydrazine Aniline 


S. Reduction of nitrosamines (p. 110) with zinc dust and acetic acid gives 
os-alkyl-phenyl- or diphenyl-hydrazines (p. 148). A similar method of preparing 
aliphatic hydrazines has been referred to (Vol. I, p. 202 ): 

(Ph) 2 N-NO + 2112 « (Ph) 2 N NH 4 -H 2 O. 

Diphenylnitroeamino a>DiphenyIhydrazinu 

History,—Strecker and Romer (1871) obtained potassium phenylhydrazine 
sulphonate, PhjNH-NHSOsK, by treating phenyl diazonium nitrate with potas¬ 
sium bisulphite. On treating diazotised sulphanilic acid with the same reagent 
they obtained a soluble potassium salt, which, on boiling with hydrochloric acid 
gave a crystalline compound, phenylhydrazine-p-sulphonic acid, 

/NH~-NH2 [1] 

C®H 4 ^ , the first primary aromatic hydrazine derivative to be 

\S0,H [4] 

prepared. E, Fischer (1875) succeeded in preparing phenylhydrazine hydro¬ 
chloride by boiling potassium phenylhydrazine sulphonate with hydrochloric acid, 
and by treating the hydrochloride with caustic alkali he isolated the free phenyl¬ 
hydrazine, which is an exceedingly reactive compound (Ber. 8 , 589). 

Properties ,—^The aromatic hydrazines are monacid bases, sparingly 
soluble in water, but freely soluble in alcohol and ether. On boiling 
under ordinary pressure they undergo slight decomposition, but they 
boil unchanged under reduced pressure. They are readily oxidised 



148 


PHENYLHYDRAZINES 


in air, assuming a brovsai colour (Chaitaway, J. 91, 1323), and they 
reduce Fehling’s solution. 

Phenylhydrazine, PhNH • NH-, forms vat crystals, m.p. 19.6®, b.p. 
241-242® (760 mm.) with slight decomp., b.p. (12 mm.) 120®, d^^ 

l. 091. As mentioned under the general methods of formation, it is 
prepared by reduction of phenyl diazonium chloride. Small quanti¬ 
ties are formed when hydrazine hydrate is heated to 220® with phenol 
{Hoffmann, Ber. 31, 2909). Its reactions are described below. It is 
of industrial importance as one of the starting materials in the prepa¬ 
ration of antipyrine. It has been used very largely as a reagent 
for aldehydes and ketones, and has played a very important part in 
the investigation of the carbohydrates. It is a poison, and in certain 
persons induces a skin disease. 

Phenylhydrazine hydrochloride, PhNH-Nib- HCl, orystiillises in lustrous white 
flakes, sparingly soluble in cone, hydrochloric acid. It gives p-phonylenc diamine 
when heated with hydrogen chloride at 200°. Salts with carboxylic acids have 
been prepared {de Vries, Ber. 27, 1521). Sodio-phenylhydrazine, obtained by 
dissolving sodium in phenjdhydrazine, is a brick-r^ amorphous mass, which re¬ 
acts with alkyl and acyl halides giving phenylhydrazine derivatives (p. 150; 
Michaelis, Ber. 19, 2448; 22, R 664). Potassio-phenylhydrazine, see Michaelis, 
Ber. 20, 47. 

SUBSTITUTED PHENYLHYDRAZINES (Bisckler, Ber. 22, 2801, 2809; 
Vofocek, Tehee. 1, 346; Bull. 35, 668). p-Fluoro-phenylhydrazine, m.p. .39°, 
is obtained by diazotising p-fluoro-aniline and reducing with sodium sulphite 
(Sefnemann, Ber. 66, 727). p-Chloro-phenylhydrazine, m.p. 83°, p-bromo- 
phenylhydrazine, m.p. 106°, p-iodo-phenylhydrazine. m.p. 103°. 2,4,6-Tri- 

chloro-phenylhydrazine, m.p. 143-144°, is preparea from trichloro-phenyl- 
diazonium chloride by the action of SnCU. Various compounds with aldehydes 
and ketones, see Chattaway, J. 1931, 1740. o-Nitro-phenylhydrazine, m.p. 90°, 
brick-red needles {Klieeisen, Ber. 27, 2549). o-Nitro-spm-formyl-phenylhydra- 
zide, m.p. 177° (Bischler, Ber. 22, 2801). For the formation of heterocyclic 
compounds from the.se o-nitro-compounds, see p. 151. m-Nitro-phenylhydrazine. 

m. p. 93°, is prepared from m-nitraniline by method Ic {van der Haar, Weekblad. 
14, 147). p-Nitro-phenylhydrazine, m.p. 157° (decomp.) is very useful for iso¬ 
lating and characterising aldehydes and ketones. 2,4-Dinitro-phenylhydrazine, 
yellow prisms, m.p. 198*^, is obtained from dinitro-bromobenzene and hydrazine 
hydrate {Curtius, J, pr. 76, 369). 2,4,6-Trinitro-phenylhydrazine, reddish- 
brown prisms, m.p. 186° (Curtius, J. pr. 50, 271). p-Acetyl-amino-phenyl- 
hydrazine, CH 8 CO-NH-C«H 4 *NHNH 2 , m.p. 110°, is prepared by diazotising 
mono-acetyl-p-phenylene diamine and method Ic {Franzen, Ann. 412, 35). 

HOMOLOGOUS PHENYLHYDRAZINES. o-Tolylhydrazine, m.p. 59°; m- 
tolylhydrazine, liquid; p-tolylhydrazine, m.p. 65°. Bromo-o- and -p-tolyl- 
hydrazines, see Chattaway, J. 109, 582. p-Xylylhydrazine, m.p. 78°. Pseudo- 
Ctimylhydrazine {E. Fischer, Ann. 212, 338; Gallinek, Ber. 18, 3175; Willgerodt, 
J. pr. 71, 398). 

a9-Diphenylhydrazine, Ph 2 N-NH 2 , m.p. 44°, b.p. (50 mm.) 220°, obtained 
from diphenylnitrosamiiie (p. Ill) by reduction, forms difficultly soluble di- 
phenylhydrazoncs with monosaccharoses. Ferric cnloride and other acidic oxidis¬ 
ing agents, such as Brs, HOCl, HOBr, convert it into tetraphenyl-tetrazene and 
an intensely coloured mauve dye, the hydrochloride of quinone-anil-diphenyl- 
hydrazone, m.p. 147° (c/. p. 165): 

CaiJSr:<(^)>;N.N(C,H,), 

^island, Ber. 43, 3260). For supercooling phenomena and molecular con- 
nguration see Vdrlander, Ber. 68, 2269. For melting and supercooling phenomena 
(^'liquid crystals”) see V&rlander, Ber. 68, 2269. 



PHENYLHYDRAZINES 


149 


Triphenylhydrazine, PhjN-NHPli, m.p. 142®, is produced by the action of 
PhMgBr on ^-phenylhydroxylamine. Alcoholic HCl converts it into N-phetiyl- 
beiizidine, PhNH*C«H4*CeH4*NH2 {Bunch, Ber. 40, 2099). Its conversion into 
free triphenyl-hydrazyl, Ph^N-NPh, is discussed in the section on free radicals. 

Tetraphenylhydrazine, Ph 2 N-NPh 2 , m.p. 147® (decomp.) is obtained from 
diphenylamine by oxidation with potassium permanganate or lead dioxide, and 
from sodio-diphonylamine PhjN-Na by the action of iodine {Wieland, Ber. 39, 
1501). It dissolves in cone, sulphuric acid with an intense blue colour, being 
partly converted into N,N'-diphenyl-benzidine, PhNH*C 6 H 4 *C«H 4 *NHPh 
(Ushakov, C. 1907,1, 406). H('l breaks it down into diphenylamine and p- 
chloro-anilino-triphenylamine (p. 108), diphenyl-chloramine, Ph 2 NCl being 
probably formed as an intermediate product (Garnharjan, Ber. 41, 3508) . For its 
thermal dissociation, see Vol. IV, and Wuia'tid. Ann. 392, 156. p-Nitro-tetra- 
phenylhydrazine, orange-red plates, m.p. 145®, nas been obtained from the base 
by the action of amyl nitrite (Wielavd, Ann. 392, 186). 

Tetra-p-tolylhydrazine, (MeC 6 H 4 ) 2 N-N(C«H 4 Me) 2 , m.p. 136®, is obtained 
from p-ditolylamine on oxidation with KMn 04 , and from tetra-p-tolyl-tetrazene 
(p. 165) on heating. It combine'^ with acids, halr^ens, non-metallic and metallic 
chlorides, such as PCU, SbCU, SnCU, etc,, forming salt-like addition products, 
dark violet in colour, from which the unchanged hydrazine is regenerated by the 
addition of water. These addition products are rather un'^table, and in inert 
solvents soon dissociate into p-ditolylamiue and derivatives of ditolyl-hydroxyl- 
amine, (MeC 6 H 4 ) 2 NOH. The latter immediately undergo a further change into 
derivatives of ditertiary dihydropheriaziiie (Wieland, Ber. 41, 3478). 

Tetra-p-anisyl-hydrazine, m.p. 90.5®, partially dissociates in benzene solution 
into dianisyl-nitrogen, even in the cold (Wieland, Ber. 45, 2600). See Vdl. IV. 

Iteaciions of ike phenylhydrazines. — 1. The phenylhydrazines are 
not easily reduced. On mild oxidation (e.p., by HgO acting on their 
sulphates or sulphonates), they arc converted into diazonium salts. 
On boiling with CuSOi, FcCb, K 2 Cr 04 , Caro's acid, or NaOCl 
{Chattaway, J. 95,1065), they lose N 2 and the corresponding benzene 
hydrocarbons are formed. This reaction can be used for replacing 
the diazonium group by hydrogen, or by halogen if instead of the free 
phenylhydrazine its hydrochloride, hydrobromide, or hydriodide Ls 
used {Zincke, Ber. 18, 786; Gattermanny Ber. 25, 1074; Cain, Proc. 
24, 76). The phenylhydrazines can be quantitatively determined by 
estimating the nitrogen evolved. They reduce Fehling's solution 
(Strachcy Ber. 26, R 234). For other reducing actions of phenyl- 
hydrazine see WaUher, Ber. 28, R 996; 29, R 977. 

2. Sodium forms a-sodio-phenylhydrazines (see above), hydrogen 
being evolved. 

5. Nitrous acid forms nitroso-hydrazines (p. 164). 

4 . Alkyl halides replace the imino- and amino-hydrogen and fi¬ 
nally give phenyl-hydrazonium compounds. 

B. Acid radicals are also readfiy introduced into the phenyl¬ 
hydrazines. 

6. Chlorine and bromine, if the temperature is kept low, convert 
the phenylhydrazines into the corresponding diazonium salts (p. 112). 
At higher temperatures and in the presence of mineral acids, nuclear- 
substituted halogeno-phenylhydrazines are formed (Chattawayy J. 93, 
862; 95, 1065). 

7. The phenylhydrazines combine with aldehydes and ketones to 
give compounds, which, as a rule, immediately lose water to form 
phenylhydrazones (p. 151). This reaction is characteristic for alde¬ 
hydes and ketones. 
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8 . When heated at 200"^ with fuming hydrochloric acid, the 
phenylhydrazines are converted into 2 >“phenylene diamines {Thiele^ 
Ber. 28, 1538). 

9. When pheiiylhydrazine is heated with cuprous chloride, cuprous 
bromide, or copper powder, it decomposes into aniline, nitrogen, and 
ammonia {Arbusov\ J. Russ. Phys. Chem. Soc. 45, 69). 

10. When nitroso-anilines act upon phenylhydrazines both oxida¬ 
tion to azoxy- and azo-compounds, and condensation occur, the 
latter giving rise to diazobenzene-nitroso-anilines (diazoamino- 
hydroxybenzenes), H 2 N*C 6 H 4 N(OH)*N:NPh (or a tautomeric for¬ 
mula) {Fischer, J. pr. 92, 60). 

11. With chloroformic ester in pyridine, hydrazo-cstcrs of the 
type Ph-NH-NH-COOR are formed almost quantitatively. When 
these are oxidised with permanganate they are converted into azo¬ 
esters, Ph*N:N*COOR, and on further oxidation, azoxy-esters, Ph-N- 
(0):N-C00R, are formed {Pieroni, Gazz. 54,162). 

12 . With aliphatic or aromatic isocyanates, the phenylhydrazines 
form 1,4-substitutcd semicarbazides, ArNHNH-CONHR {Pacilly, 
Rec. 55, 101), 


PHENYL-ALKYL-HYDRAZINES, The asymmetrical com¬ 
pounds which contain one alkyl residue are called a-compounds, and 
the symmetrical ones, /5-compounds. 

Methods of formation. — 1. Both isomers are formed by the action of alkyl 
bromides on phenylhydrazine (Fischer, Ber. 17, 2844; Ann. 199, 325). The 
jj-compounds are isolated by making use of the fact that when oxidis^ with 
mercuric oxide they form azo-compounds which are volatile, and are unattacked 
by acids, and can be easily separated from the other products. They are recon¬ 
verted into the original /3-alkyl-phenylhydrazine on reduction. The a-compounds 
are formed: By the action of alkyl bromides on sodio-phenylhydrazine 

(Michaelis, Ber. 19, 2450; Ber. 22, R 664), 3. By the reduction of the corre¬ 
sponding nitrosamines (p. 110) with zinc dust, and 4- by treating /3-aceto-phenyl- 
hydrazine, PhNH-NHCOCHs with alkyl halides, followed by hydrolysis by 
boiling with acids (Widman, Ber. 26, 946). 

a-Methyl-phenylhydrazine, PhNMe-NH 2 , b.p. 131° (35 mm.), rearranges to 
methyl-p-phenylene diamine. a-Ethyl-phenylhydrazine, PhNEt-NHp, b.p. 
237°. Bo^h are oxidi'.ed to tetrazenes (p. 165). o-Ethyl-phenylhydrazine and 
ethyl bromide combine to give diethyl-phenylhydrazonium bromide, PhNEt 2 Br*- 
NH 2 , which gives diethylanilines on reduction. With methyl iodide, phenyl- 
methyl-ethyl-hydrazonium iodide, PliNMeEtI-NH 2 , m.p. 119° is formed, which 
can be resolved by means of its d-camphor-/3-sulphonate into a laevorotatory 
base with an asymmetrical nitrogen atom (Singh, J. 103, 604). a-Propyl, a-iso- 
propyl, a-isobutyl-, a-isoamyl-phenylhydrazine, boil at 247°, 236°, 240-245°, 
262° (Michaclis, Bor. 30, 2809). a-d-Amylphenylhydrazine, CH 3 (C 2 H 5 )CH*- 
CHjN(CeH6) -Nft, b.p. 173-175° (50 rom.), has been used for the direct resolu¬ 
tion of racemic aldehydes and ketones (Neuherg, Ber. 38, 868). Ethylene- 
phenylhydrazine, C 6 H 5 N(NIl 2 )C 2 H 4 -N(NH 2 )Ph, m.p. 90° (Michaelis, Ber. 21, 
3203; Hischmann, Ann. SIO, 156). as-o-Aminophenylmethylhydrazine,NH 2 [ 2 ]- 
C*H4[l]N(Me)NH2, an easily resinified oil, is produced from nitro-nitroso- 
methylanilinc by reduction with alcoholic ammonium sulphide. 

Formation of heterocyclic compounds from o-substituted phenylhydrazines .—When 
boiled with caustic potash, o-nitrophenylhydrazine is converted into azimidol 
(Vol. IV). The formyl-compound of o-nitrophenylhydrazine gives a-p/icnofrt- 
ozina when reduced with sodium amalgam and acetic acid. as-o-Aminophenyl- 
methyl-hydrazine give.s phenomethyMihydrotetrazine (Vol. IV) with nitrous 
acid; 
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yNH-NH* (1) 
CoHZ 

^NO, (2) 


KOH 


/N==N 

C,H4<( ' 


/NH-NHCHO (1) 
CoHZ 

( 2 ) 


H 


N(OH) 
yN==N 
*^N==<[!H 


Azimidol. 


o-Phenotriazine. 


vN(CH,)-NH2(1) hno, /N(CH,).NH Pheno-l-methyl- 

CeHi^ -> C«Il4^ I dihydrotetrazine. 

^NII* (2) \N===N 


/^-Methyl and jS-ethyl-phenylhydrazine arc colourless oils, which oxidise in the 
air to benzene-azo-methane and -ethane (p. 138), and can be reobtained from 
these by reduction. The -methyl-compound is also produced by boiling aw<i- 
pyrine with alcoholic potash {Knorr^ Ber. 39, 3265). /S-AUyl-phenylhydrazine, 
b.p. (110 mm.) 177^^ (Michadis, Ber. 22,2233). 

Dt- and tri^ilkylated phenylhydrazines are prepared from sodio-a-methyl-phenyl~ 
formyl-phenylhydrazive, PhNMe*NNa*CHO, by the action of alkyl iodides, the 
formyl group being subsequently removed by means of cone. HCl. With alkyl 
iodides, dialkyl-phenylhydrazines give quaternary azonium-compounda, e,g.^ 
PhNMeJ-NH«Me, together with trialkyl-i>henyfhydrazine3. Qf,^-Dimethyl- 
phenylhydrazine, PhNMe-NHMe, b.p. (7 mm.) 93®, and a,/3-diethyl-phenyl- 
hydrazine, PhNEt-NIIEt, b.p. (11 mm.) 111-115® are formed by the action 
of zinc dimethyl and zinc diethyl on benzene diazonium chloride {Bamberger^ 
Ber. 35, 4179). Trimethyl-phenylhydrazine, b.p. (8 mm.) 93® {Harries, Ber. 27, 
696). 


Phenylhydrazones and Osazones 

Aldehydes and ketones form phenylhydrazones with phenylhydrazine. Phenyl¬ 
hydrazones are classified into aldehydrazones {Javp, Ann. 247, 194) if derived 
from aldehydes, and kethydrazones, if derived from Ketones. The dihydrazones of 
a-dicarbonyl compounds are known as osazones {Fischer, Ber. 21, 984 ; 41, 73): 

R'-CHO + NHaNHCdH^ * R' CHrN NHCeH^ + H^O. 

(R')2C0 + NH 2 NHC.H 5 - (R02C:N NHC*Hj + HjO. 

a-Hydroxy aldehydes and a-hydroxyketones also give osazones. A hydrazone 
is first form^, and then the excess of phenylhydrazine oxidises the alcoholic group 
next to the aldehydo-’or keto-group, and converts it into carbonyl. 

RCHOHCHO + SCaHfiNHNHa = RC(:NNHC 6 H 5 )CH:NNHC 6 H 5 + 

CsHsNH* + NH,. 

The formation of osazones has played an important part in the elucidation of 
the structure of the sugars. 

Many phenylhydrazones of aldehydes and ketones are known in several iso¬ 
meric forms, which are regarded as cisdrans isomers, by analogy with the better 
known isomerism of the oximes (see benzaldoxime, p. 273). The first instance of 
isomerism of osazones was discovered in 1895, when it was found that in the 
action of phenylhydrazine on diketosuccinic ester (Vol. 1, p. 663) three isomers 
were formed (c/. benzil dioxime) {Anschutz, Ber. 28, 64). No reliable criterion 
for the configuration has yet been found. 

The monoximes of a-aldehydo-ketones and a-diketones give hydrazoximes 
with phenylhydrazine, e.g., methyl-glyoxime gives methyl-glyoi^o-phenyl- 
hydrazoxime, MeC(:NNHFh)CH:NOH m.p. 134® {Jonm, Ann. 262, 278). 

In. the formation of phenylhydrazones an addition product is probably first 
formed, corresponding, in constitution, to aldehyde-ammonia. In some cases 
such products nave b^n isolated, e,g,, those of oxalacetic ester and diketo-suc- 
cinic ester. They readily lose water and become phenylhydrazones: 
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COOEtCO 

COOEt^H, 

COOEtCO 


+ NHjNHPh 


xNH-NHPh 
COOEtC<^ 


COOEt 


Et*CH, 


OH 


COOEt 


ho 


+ 2NH,NHPh 


COOEt C^ 

I \OH 

COOEt 


/NIINHPh 


I .NH NHPh 

•<OH. 


In the case of oxalacetic ester an ammonium salt of the formula C'OOEt • CH: C- 
(ONH ’NHPh) COOEt might also be formed, but the faet that an addition product 
is formed by diketo-succinic ester is eviden(;e in favour of the above mechanism. 
Phenyl-hvdrazino-p-sulphonic acid (p. 180) seems to form only products of the 
formula RCH( 0 H)^NHNHC 6 H 4 S 03 H with aldehydes {Blitz, Ber. 35, 2000). 

Phenylhydrazones were frequently referred to in Vol. I, before their systematic 
treatment, as they are used to characterise aliphatic aldehydes and ketones. 
They will be met with again in connection with aromatic compi^unds containing 
carbonyl groups. The following classes of aliphatic phenylhydrazones are men¬ 
tioned under the heading of their parent compounds in Vol. I: phenylhydrazones 
of the simple aldehydes, simple ketones, diketones glyoxalic acid, pyrotartaric 
acid, acetoacetic estor, laevulic acid, mesoxalic aldehyde, acetone-oxalic ester, 
mesoxalic acid, oxalacetic ester, acetone-dicarboxylic ester, acetone-diacetic acid, 
tetroses, oxalyl-diacetone, diketo-succinic acid, oxalo-succinic ester, arabinose, 
rhamnose, the glucoses, lactose, maltose, and isomaltose. 

Methods of formation of the 'phenylhydrazones, —1 , By the action 
of phenylhydrazone, os-alkyl-phenylhydrazines, or as-diphenyl- 
hydrazines on aldehydes and ketones (see above). 2 , By the addi¬ 
tion of phenylhydrazine to triply linked C atoms; thus the phenyl¬ 
hydrazone of oxalacetic ester may be obtained by the addition 'of 
phenylhydrazine to acetylene-dicarboxylic ester. 


COOCaHs • C COOC 2 H, • C: N • NHCeH^ 

111 4- NHjNHCeH, =* I 

COOCjH, • C COOCsHb • CHa. 


S, By the action of phenyl diazonium compounds on aliphatic 
compounds containing readily replaceable hydrogen atoms, such as 
malonic ester and acetoacetic ester (see p. 125). 

(COOC 2 Hb) 2 CH 2 + CeHB-NaOH = (C02C2HB)2C:N-NHCeHB + H 2 O. 

Phenylhydrasone of mesoxalic ester 

Some desmotropic compounds, such as mesityl-oxide oxalic ester (Vol. I, p. 
603) and diaceto-succinic ester, in which the keto- and enol- (double enol) forms 
can be isolated^ have been found to react with diazonium salts only in the enol 
form. Hence it seems that in all cases the azo-group first attacks the enol- 
lydroxyl, 0-azo-compounds being formed, which spontaneously rearrange to 
C-azo-compounds, and finally to phenylhydrazones {Dimroth, Ber. 41, 4012). 
In some cases (see tribenzoyl-metnane) the isolation of the intermediate com¬ 
pounds has been accomplished. 

The compound obtained from malonic ester and phenyl diazonium hydroxide, 
and that obtained from mesoxalic ester and phenylhydrazine are identical. The 
compound formed from acetoacetic ester and phenyl diazonium salts is possibly 
tautomeric, possessing the hydrazone formula rhNHN:C( 0 CCH 8 )C 02 C 2 HB. and 
also the formula of a benzene-azo-acetoacetic ester, FhN:N-CH(COCHs)- 
C 00 C 2 H», or that of the corresponding enol, because the ester dissolves in dilute 
so^um hydroxide to rive a salt and separates again imchanged when carbon di¬ 
oxide is passed throu^. This is best explained by assuming that an enolic com- 
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pound is present (Billow, Bcr. 32, 197; Ann. 312, 128). On the other hand, 
benzene-azo-acetoacetic ester can be converted by hydrolysis and removal of 
carbon dioxide into the hydrazone of pyruvic aldehyde, PhNH-N:CHCOCHi. 
The product obtained from cyanacetic ester and phenyldiazonium salts occurs 
in two forms: a-, m.p. 125®, and fi-, m.p. 85®, which are regarded as stereoiso- 
meric hydrazones, PhNH-N:C(CN)C02R. In the presence of alkali the 
form readily rearranges to the a*form (Hardzsch, Ber. 38, 2266). Glutaconic 
ester (Vol. I, p. 575) reacts with 2 mols. of phenyldiazonium salts with the 
formation of compounds containing both the pheriylhydrazone and azo-groups: 
C02R*C{NNHPh)CH:C(N:NPh)*C0tR (Henrich, Ber. 40, 4928). For the 
constitution of the products formed in the reactions of phenyldiazonium salts 
with aminocrotonic, methylaminocrotonic, and diethylaminocrotonic esters see 
Prager, Ber. 36, 1449. 

The readiness with which phenyl hydrazones are formed is so great that alkyl- 
acetoacetic acids and diazonium chlorides form phenylhydrazones of a-diketones 
with liberation of CO 2 , and alkyl-acetoacetic esters are converted into phenyl¬ 
hydrazones of a-ketocarboxylic esters with elimination of the acetyl group: 

CH, • CH • CO,H CH, • C: N • NIICeH# 

T + C^HiNjCl = I + CO, -f HCl 

CHjCO CH,CO 

Diacetyl-phenylhydrazone 
(VoL I. p. 409) 

CHrCH-COOCjHs Cn,-CC02C,H. 

I + C,H 6 N,C 1 + HjO =» 11 +CH3COOH+HCI 

CII,-CO NNHCJIs 

Pyruvic eater phenylhydrazone 

Glyoxylic phenylhydrazone has also been prepnred from raalonic acid and 
phenyl diazonium chiorido, CO, being split off (Busch, J. pr. 71, 366). For the 
rules governing the elimination of acyl groups from diacyl-acetic esters by di¬ 
azonium salts, see Billow, Ber. 35, 915. The latter act like nitrous acid, which 
produces oximes under similar conditions (Vol. I, p. 465). 

Reactions of phenylhydrazones. —On heating with dilute mineral acids, the 
phenylhydrazones decompose into their parent compounds. On heating in 
hydrogen the aldehyde-phenylhydrazones decompose into aniline and nitriles 
(Ciusa, Gaz. 51, II, 152). A number of phenylhydrazones have been converteci, 
by careful reduction, into phenyl-hydrazino-(!ompounds (cf. benzyl-phenyl- 
hydrazino, phenylhydrazino-acetic acid, p, 156) (Baniherger, Mo. 19, 427: 
Harries, Ber. 28, 1223), For their oxidation sec Freer, Ber. 30, 736. Some add 
on hydrogen cyanide even more readily than the aldehydes and ketones them¬ 
selves, forming cyano-hydrins or nitriles of a-phenylhydrazido-carboxylic acids, 
RCH(NHNHPh)CN; see Kilmer, Ber. 33, 3550, et al. 

There are few classes of corapounds which form heterocyclic com¬ 
pounds so readily as the derivatives of hydrazine, and their ii\tra- 
molecular condensations have played a great part in the development 
of the chemistry of nitrogen-containing ring systems. Some of the 
most important condensations have already been discussed in the 
sections dealing with the phenylhydrazones of aliphatic compounds. 
These are listed below, whilst others will be mentioned in connection 
with the acid hydrazides. 

1. The phenylhydrazones of aldehydes, ketones, and kctonic acids give 
indoles on heating with ZnCb, SnCU, or mineral acids. 

2. The phenylhydrazones of a-olefine-aldehydes and -ketones rearrange to 
pyrazolines. 

5. The osazoiies or bis-phenylhydrazones of of-dialdehydes, or-aldehydo* 
ketone^ and a-diket 9 nes give osotetrazones on oxidation. 

4* The a-osazon<«i and osotetrazones give osotriazoles when boiled with acids. 

6. The of-hydrazoximes give osotriazoles on treatment with dehydrating agents. 
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6, The phenylhydrazones of 1,3-hydroxymethyleae-ketones and jS-diketones, 
readily lose water and form pyrazoles which are nitrogen derivatives of 1,3-cyclo- 
hexenones. 

7. The phenylhydrazones of 1,4-diketones condense to '^i-anilido-pyrroles. 
These cyclic condensation products can often be obtained directly from the 

starting materials without isolating the hydrazones themselves. 

The types of heterocyclic compounds obtainable from the phenylhydrazones ate 
given below (see also Vol. IV): 


CH,—CiNNHCaH# 

in, 


CH.—O—NH 

- i 






a-Methylindole or 
methylketole 


CHiCHj 


urij—UX 12 V 

I >NC«H6 

CH=N^ 


N-Phenylpyrazoline 


CH:NNHC«H8 

( 1 :H:N-NHC,H 6 


CH=N—NC,H5 


Glyoxal-osotetrazone 


CHa-CrNNCfiHj 

CHj-(!;;N-NC,jr6 

CH,-C:NNHC.H5 


I >NC,H5 

cn3-c=N/ 


Diacetyl-osotriazone or N- 
phenyl-dimethylosotri- 
azole 


CHa-CO +NlljNHC6n8 
CH;CHOH 
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CH, 
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CHi • 

U-i -^ 


•ca 


CH, 


/CH, 

CHrr^< 

I >N—NHC.H 3 

CH-^< 

Ndh, 


N-Anili no-a-dimethy 1- 
pyrrole 


Phenylhydrazine Derivatives of hwrganic Acids 

Thionyl-phenylhydrazone, PhNH*N:SO. m.p. 105®, forms sulphur-yellow 
prisms. It is obtained by a similar method to the thionyl-alkylamines (Vol. I, 

g . 200) and thionyl-anilines (p. 86) by the action of tliionyl chloride on pheny 1- 
ydrazine. Any phenylhydrazine with a free amino-group gives a thionyl- 
pnenylhydrazone with thionyl chloride (Klieeisen, Ber. 27, 2549). Thionyl- 
phenylhydrazone is also obtained smoothly from thionyl-aniline and phenyl- 
hydrazine. Phenylhydrazme-sulphinic acid, PhNH‘NH-SOOH, obtained by 
the action of phenylhydrazine on sulphur dioxide, gives thionyl-phenylhydrazone 
on gentle heating {Michaelis, Ber. 23. 474). With thionyl chloride, acetyl chlo¬ 
ride, and other acid chlorides, thionyl-phenylhydrazone forms phenyl diazonium 
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chloride (Michaelis, Ann, 270, 114). The formula Ph*!NH«N:SO agrees with 
the absorption spectrum, whilst Ph • N: N• SOH and Ph • N—NH do not (Hutchin-* 

son, Ber. 47, 514). 

Phenylhydrazino-sulphonic acid, PhNH NHSOaH. The potassium salt of 
this acid is formed by the reduction of potassium benzene diazosulphonate with 
sulphur dioxide, or alkali bisulphite. For the action of mineral acids on this salt, 
and for the part played by it in the discovery of phenylhydrazine, see p. 147. 

p-Nitro-phenylhydrazine-disulphonic acid, C6H4(N02)N (S 03 H)NH(S 0 sH). 
The dipotassium salt of this acid crystallises in minute yellow needles, and is 
obtained from nitro<diazobenzenic ester, nitrodiazobenzene nitrate, or potassium 
nitrophenyl-iso-diazotate by the action of excesf^of a solution of sulphite. Hydro¬ 
chloric acid decomposes it giving p-nitro-phenylhydrazine. It dissolves in excess 
of caustic potash to form a red tri-potassium salt, C 6 H 4 (N 02 )N(S 0 *K)NK(S 03 K) 
{Bamberger^ Ber. 29. 1830). 

Azobenzene-p-hyarazine-sulphonic acid, PhN:N CJl 4 NH‘NHSO*H, forms 
bluish-red needles, decomposing below 100"^. It is obtained by the action of SOj 
on a concentrated solution of phenyldiazonium sulphate (p. i47). It condenses 
with aldehydes with loss of the sulphonic group {Trdger^ J. pr. 78, 369). 

Phenyl benzene-sulphazide, PhNH*NH S02Ph, m.p. 148-150® (decomp.) 
is obtained from phenylhydrazine and benzene sulphonyl chloride in ether solu¬ 
tion, and from aqueous diazonium salts by the action of SO 2 (p. 147) or sodium 
hydrosulphite (Grandmovgin. Ber. 40, 422). 

For the action of PCI3, POCh, PSCI3, AsCh, BCI3, and SiCU on phenylhydrazine 
see MichaeliSj Ann. 270, 123. 


Carboxylic Derivatives of Phenylhydrazine 

Carboxylic residues of the most varied character can be introduced 
into phenylhydrazine as readily, and usually by the same methods, as 
into aniline. 

The acid hydrazides and the hydrazino-acids are able to form 
heterocyclic compounds in the same way as the phenylhydrazones 
themselves. After each group of carboxylic phenylhydrazine de¬ 
rivatives the chief reactions by which heterocyclic compounds are 
produced will be summarised. 

The nitrohydrazoneSf amidrazones, and formazyl compounds will be dealt with 
after the simple carboxylic derivatives of phenylhydrazine. 

DERIVATIVES OF FATTY ACIDS. The fatty acid residues readily enter the 
amino-group of phenvlhydrazine, sym- or /3-acyl compounds being formed 
(Jarosky, Mo. 31, 951L The asymmetrical a-acyl-compounds are prepared by 
treating: (i) sodiophenylhydrazine with acid chlorides or anhydrides (Michaelis, 
Ber. 22, R 664): (k) /3-aceto-phenylhydrazine with acid halides and then boiling 
with dilute sulphuric acid, which removes the ^-aceto-group but does not affect 
that in the ^-position (Widman, Ber. 26, 945); (5) a cold benzene solution of N- 
chloro-acetanilide, COCH,-NCl-Ph, with finely divided NaNH* (Short, J. 119, 
1445). 

The os- and the sym-pheuyYtiydmiiides can be distinguished by their reaction 
with ferric chloride and cone. H 2 SO 4 (BiUow^s reaction). The «ym-compound3 
give reddish to bluish-violet colours, whilst the as-compounds remain colourless. 

sym-Formyl-phenyl hydrazide^ PhNH-NH-CHO, m.p. 145®, is obtained from 
formic acid or ethyl formate with phenylhydrazine (de Vries, Ber, 27, 1522; 
Baidakovsky, C. 1903, 1, 829). 

05- or a-Aceto-phenylhydrazide, PhN(COCH 3 )NH 2 . m.p. 124®; is obtained 
from cf^-diaceto-phenylhydrazide on heating with dilute sulphunc acid (Wid^ 
mann, Ber. 27, 2965). •sj/m- or /3-Acetophenylhydrazide, PhNH«NHCOCHi, 
m.p. 128®, is obtained from phenylhydrazine by the action of acetic anhydride or 
on boiling with acetic acid (E. Fischer, Ann. 190, 129). a,/3-Diaceto-phenyl- 
hydrazide^ PhN(COCHi)NH(COCHi),m.p. 106®, from potassio-phenylhydrazide 
in ether with acetyl chloride (MickaeUs, Ber. 20,47). Propionyl- and isobutyryl- 
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phenyl-hydrazides, m.p, 168® and 143® {Leighton^ Am. Ch. J. 20, 670). For 
phenylhydrazides of higher fatty acids see Branns, Am. 42, 1478). 

Formation of heterocyclic compounds from hydrazidea of fatty acids ,—When sym^ 
fonnylphenylhydrazidc is heated with formamide, -phenyltriazole (Vol. IV) is 
formed (Pellizzari^ Gazz. 24, II, 222). Another formyl derivative, N-phenyl-iso- 
dihydro^tetrazine^ is prcxiiiced by the action of chloroform and caustic alkali on 
phenylhydrazine, whereas primary amines when treated in this way yield carbyl- 
amines or isonitriles. 

The sym- or /3-acyl-phenyl-hydrazides react with phosgene, thiophosgene, or 
isocyanoj^henyl chloride forming oxadiaaoline derivatives (Freund^ Ber. 26, 
2870), These are heterocyclic compounds which may also be regarded as cyclic 
derivatives of carbonic acid. 


HCONlIi C«IIbN Nv 

CbHbNH.NHCJIO I ^cn N-Phenyltriazole 


H(;cu UHbN-N=-CII 

CelI$NH*NHi-- > J I N-Diphenyl-isodi- 

CH—N—NCeHj hydrotetrazine 


CeUsNll-NH-COCH, 


\ 


COCh CiHsN 

—.» I >C*CH, 

CO— 


csci, C.H.N N. 


I 

cs— 


CH, 


pii N • ppi* CbHbN ' 

—— 1 Sc-cut 
CtHJSTiC- 


N-Phenyl-C-methyl- 

oxadiazolone 


N-Phenyl-C-methyl- 

thiooxadiazoline 


N- Phenyl-C-methyl- 
C' - phenylimido- 
oxadiazoline 


THE HYDROXY-ACID DERIVATIVES OF PHENYLHYDRAZINE. aym- 
Phenylhydrazino-acetic acid, PhNH-NH-CH 2 COOH, m.p. 158®, is obtained by 
the r^uction of glyoxylic acid phenylhydrazone, into which it is reconverted on 
oxidation with ammoniacal copper solution. Its ester, together with the asym¬ 
metrical compound, is formed from phenylhydrazine with cliloroacetic ester, 
whereas with chloroacetic acid or its amides, as-phenylhydrazino-acetic acid, 
PhN(NH 2 )CH 2 COOH, m.p. 167®, or its derivatives, are ootained {Busch, Ber. 
36, 3877). For the reactions of chloroacetyl ureas and urethanes with phenyl¬ 
hydrazine see Frerichs, Arch. Pharm. 237, 331, 346. The as-ester is obtained by 
the reduction of nitrosophenyl-glycine ester, PhN(N0)CH2C02C2H4 {Harries, 
Ber. 28, 1224); amide, m.p. 150°; anilide, m.p. 149®; os-phcnylhydrazide, PhN- 
(NH 2 )CH 2 CON(NH 2 )Ph, m.p. 155® {Rupe, Ann, 30L 55); sym-phenylhydra- 
uide, PhN{NHj)CH,CONHNHPh, m.p. 178*- {Rupe, l5er. 29, 622). > 
aa-Phenylhydrazino-/3-propionic ester, PhN{NH 2 )CH 2 CH 2 COC 2 HB, b.p. 175® 
(9 mm.) is obtained from nitroso-/3-anilino-propionic ester {Harries, Ber. 29, 
515). os-Phenylhydrazino-^-butyric acid, PhNfNH 9 )CHCH,CHaCOOH. m.p. 
Ill®, is obtained from /3-chlorobutyric acid by the action of phenylhydrazino 
{Werner, J. pr. 45, 76). 

Formation of hetero^dic compounds from phenylhydrazino acids, — 1, as- 
Phenyl-hydrazino-acetic ester condenses with formamide to give phenyUketo^ 
teirahydro-aAriozine, 2, Similarly, os-anilino-acetic a-phenylhydrazide, PhN- 

! NH) 2 COCH 2 NHPh, mves N~diphenyl-ketotetrahydro-a~triazine with formic acid 
see below). $, a«-Phenylhydrazido-acetic ester and KCNO give 1-phenyl- 
semicarbazide-1-acetic ester, PhN(CH 2 C 02 R)NHC 0 NH 2 , which is hydrolysed to 
N -phenyl-diketo-hexahydro-^ driazine . 

4j 5,6, The phenylhydrazino-carboxylic acids which correspond to /S-hydroxy- 
acids anhydridise very readily (formation of pyrazolidones and lactazams), and 
in many cases cannot be isolated. 



MONOKETONIC ACID DERIVATIVES 


167 


C,HiN-NH, 

intCOOGJI, 

(!!0CH,-NHC,H, 
C,H,NH—NH—CO 

in, • cOjRilrH, 


HCONH* 


HCOOH 
-► 




CeH5NHNH, + ClCH,CH,COjH -> 

CiHjNHNHa + CH,CII:CHCOaH~> 
CJIjN-NH, 

CH,<!!H—CHr-COaH ^ 


COlaN-^N===»CH 


i: 


3Ha—CO—NH 
C,H»N-^N===CH 


CJI, 


<!;0—CHr-fi* 
CallJ^H—NH—CO 
iHa—CO— iIh 
C ja,-N-NH V 

-^NH 


Aiv 

I >CH-CH, 

CO—CH,/ 


-NHv 


CtHfiN- I'M -tAv 

djHaCH—CHa^^ 


N-Phenyl-keto* 

tetrahydro* 

o-triaane 


N-DIphenyl- 

keto>tetra- 

hydro-a- 

tnazine 

N-Phenyl 
diketo>hexa* 
hydr o-a* 
tnasine 


1-Phenyl*3- 

pyrasoli- 

done 


l-Phenyl-3- 

methyl'^ 

pyraaolidone 


l-Phenyl-5- 

methyl-3- 

pyrazolidone 


MONOKETONIC ACID DERIVATIVES OF PHENYLHYDRAZINE. The 
esters of a-, /?-, and 7-ketocarboxylic acids react with phenylhydrazine in a 
similar manner to the ketones, with formation of phenylnydrazones. Phenyl- 
hydrazones of free a- and 7-ketocarboxylic acids are also known. Those of the 
esters give indole derivatives on treatment with ZnCl* or H2SO4, like the keto- 
hydrazones (p. 154). Those of i3- and r-ketocarboxylic esters and free r-keto- 
carboxylic acids readily give lactazams, Laevulinic acid phenylhydrazone (VoL I, 
p. 480) gives l-phenyl^-methyl-pyridazonanef and under other conditions, a- 
methylindole-i3-acetic acid. Acetoacetic ester phenylhydrazone, PhNH • N: CCH3 ) 
s=CH 2*C02E^ m.p. 50®, obtained by the action of phenylhydrazine on aceto¬ 
acetic ester (Walker, Am. Chem. J. 16,430) spontaneously changes into 1-phenyl- 
3-methyl-pyrazolone (Vol. IV), but with acetyl chloride, or an excess of HCl into 
\-phenyl-^-melhyl-b-ethoxy-p7jrazole (Vol. IV). 

Formation of heterocyclic compounds from phenylhydrazones of ketonic acids .— 
1. Indole condensation (p. 154): 


CH,C=N—NHC.H, 
in,—CHr-COOH 


COOHCHji 


CH,C—NH\ 

I _ 


a-Methylindole-;3- 
acetic acid 


Lactazam formation: 

C6H5 NH—N ‘ CzHsN-N 

CO,C,H,CH,i!!CH, ioCH,i!:CH, 

Cja,NH—N CJI^-N 

CO^CH,.CH,i!:CH, * ioCH.-CnJcH, 

5. Pyrazole formation: 

CzHiNH—N CiHzN-N 

C,H,OCO CH, i!: CH, ^ C,H.O(!5=CH i!3 CH, 


l-Phenyl“3-methyl- 

4-pyrazolone 

l-Phenyl-3-methyl- 

pyridazinone 


l-Phenyl-3-methyl- 

ethoxypyrazole 


PHENYLHYDRAZINE DERIVATIVES OF CARBONIC ACID. If an aque¬ 
ous emulsion of phenylhydrazine is saturated wdth carbon dioxide, phenylhyora- 
zine phenylcarbazinate, PhNHNH*COO(NHsNHPh) is formed as a white mass 
of crystals (E. Fischer, Ann. 190, 123; Freandler, Bull. [3], 25, 859). Ethyl 
^enylcarbazinate, PhNHNHCOOEt, m.p. 86®, is obtained by the action of 
ClCOOEt on an ethereal solution of phenylhydrazine; at 240® it loses alcohol 
and diphenylurazine (Vol. IV) is formed (Seller, Ann. 263, 278; Peratoner, Ber. 
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26, R 20), as-Phenylhydrazino-fonnic ester^ PhN(NH 2 )COOEt, an oil, is ob¬ 
tained from its aceto-compound, which is formed by the action of chloroformic 
ester on phenylhydrazine acetate, (Rupe, Ber. 29, 839; 32, 10), and on cohtinued 
treatment with chloroformic ester gives phenylhydrazino-a,j9-dicarboxylic ester, 
PhN(COOEt)NH COOEt, m.p. 59®. With COCij it gives diphenyl-carbazide- 
dicarbozylic ester, CO[NH*1 n (Ph)COOEt]a, m.p. 159°. a- and /3-Cyano- 
phenylhydrazines, Ph(CN)N*NH 2 , m.p. 89°, and PhNH*NHCN, an unstable 
oil, are formed together by the action of cyanogen bromide on phenylhydrazine 
(Pellizsari, Gazz. 41, I, 54). The ^-compound is hydrolysed to a-phenyl semi- 
carbazide, carhamic a-j ohenylhydrazide, NH 2 NPh*CONH 2 , m.p. 120°. /3-Phenyl 
semicarbazide, PhNHNHCONH 2 , m.p. 172°, is obtained by the action of potas¬ 
sium cyanate on salts of phenylhyarazme (E. Fischer, Ann. 190, 113), or by heat¬ 
ing phenylhydrazine with urea or urethane; when heated it is converted into 

E henyl-urazol and diphenyl-urazinc, with liberation of CO, CO 2 , and N Ha, and 
enzene. It is converted into phenyl azide by the action of potassium hypo¬ 
chlorite (Ber. 40, 3033). Phenyl semicarbazide gives oxndiazolone compounds 
with COCI 2 , CSCI 2 , and PhNCCl {Freund, Ber. 26, 287) in the same way as st/m- 
acetophenylhydrazine (p. 000). For the nitroso-compound see p. 165. For 
homologous aryl semicarbazidcs see Michael, Am. Chem. J. 20, 377; Young, J. 
73 368. 

l3-m-Tolyl semicarbazide, MeC 6 H 4 NHNHCONH 2 , m.p. 184°, obtained from 
w-tolyl-hydrazine and urea, is used as an antipyretic (Ger. Pats. 157,572 and 
163,037). 

2,4-Diphenyl semicarbazide, phenylcarhamic acid-a’-phenylhydrazide, PhNH-- 
CO-N(Ph)NH 2 , m.p. 165°, is best obtained from phenyl dithiocarbazinic ester, 
PhNHNHCSSMe (p. 159) by combining it with PhCNO, giving PhNHCON- 
Ph*NHCSSMe, converting this substance into the dimethyl ester, PhNHCON- 
Ph*N:C: (SMe) 2 , by means of methyl iodide and alkali, and finally decomposing 
this with dilute sulphuric acid. When 2,4-diphenyl semicarbazide is heated above 
its m.p. it isomerises to 1,4-diphenyl semicarbazide, phenylcarhamic acid-^~ 
phenylnydrazide, PhNHCON^HNHPh, m.p. 176°, which aiffers from its isomer in 
forming an azo-compound with ferric chloride {Busch, Ber. 36, 1362). 

2,4,4-Triphenyl semicarbazide, Ph 2 NCO-N(Ph)NH 2 , m.p. 128°, is obtained 
as its aceto-compound from diphenyl-carbamyl chloride and /S-aceto-phonylhy- 
drazine {Rupe, Ber. 33, 246). 

sym-Diphenyl-carbohydrazide, dianilino-urea (^‘diphenyl carbazide*’), (PhN- 
H‘NH)2C0, m.p. 175°, is obtained by heating urethane or phenyl carbonate 
with phenylhydrazine, or by adding phosgene drop by drop to an ethereal solution 
of phenylhydrazine {Skinner, Ber. 20, 3372; Heller, Ann. 263, 277; Cazeneuve, 
C.r. 129,1254). In acetic acid, and in the presence of anhydrous sodium acetate, 
it condenses with aromatic aldenydes forming l-phenyl-3-hydroxy-l,2,4-triazoles, 
substituted in the 5-position in addition to aniline {Oddo, Gazz. 45,1, 238): 

C,H6—N-CAr . 

i {. 



On boiling with alcoholic potash, or bv the action of copper or mercury salts it 
loses 2H and is converted into salts of diphenyl-carbazone, PhN:NCONHNHPh, 
orange-red needles, m.p. 157° (decomp.) {Heller, Ann. 263, 274). The metallic 
salts of diphenyl-carbazone. PhN 2 CON^HPh, are red to blue in colour, and are 
more or less explosive. It ayes silk and wool in a neutral bath. In forming salts 

.N;NHPh 

it probably rearranges into a C-hydroxy-formazyl, HO • < {Bamberger. 

\N:NPh 

Ber. 44, 3743). Like diphenyl-carbazide it is oxidised by silver acetate to di- 
phenyl-c^bodiazone, (FhN:N) 2 CO, colourless needles, decomp, on heating, and 
r^enerating the K-salt of diphenyl-carbazone on boiling with alcoholic potash 
(Cazeneuve, C.r. 132, 412; Bull. [31, 25, 758; Feigl, Mo. 45, 63). DipWyl- 
carbohydrazide and carbazone are used in analysis as reagents for mercury 
(rrfiZai, Coll. Czech. 1933). 
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CYCLIC DERIVATIVES OP UREA AND CARBAMIC ACID. Phenyl-iirazole 

(Vol. IV) is obtained from phenyl-semicarbazide on heating, from phenylhydrazine 
hydrochloride by the action of urea, and from biuret by the action of phenyl¬ 
hydrazine. Diphenyl-urazine is formed on heating the ethyl ester of phenyl- 
carbazinic acid, or by heating phenyl semicarbazide. 

l^Phenyl^-rnelhyUb-lriazolone (Vol. IV) is obtained by the action of acetyl- 
urethane on phenylhydrazine. 

CJtIjN—COv 

CeHsNH-NHj -f- 2NH2CONH2 —► I >NH l-Phenylurazol6 

HN~CCK 


2CeH5NH-NHCOOC2H5 
2CaH5NH*NHCONH2 - 


^ C«H 5 N—COv 

>N—NHCellfc 
CCK 


HN- 


Diphenyl- 

urazine 


/COOCjHfi CeHiN—COv 

CflIIjNHNHz + NII< — I >N l-Phenyl- 3 -methyl- 

^COCHa HN-Cf 5 -triazolone 


PHENYLHYDRAZINE DERIVATIVES OF THIOCARBONIC ACID. When 
carbon disulphide is added to a solution of phenylhydrazine in ether, phenyl¬ 
hydrazine phenyldithiocarbazinate, (PhNH NH-CSS)(NH 3 NHPh), m.p. 96% 
is obtained. The free phenyl-dithiocarbazinic acid is precipitated from solutions 
of its salts by mineral acids in the form of fine, shining flakes, which are easily 
oxidised to the disulphide (E, Fischer^ Ann. 190, 114). Mono- and di-alkyl esters 
can be obtained by the action of alkyl halides and alkali on the acid. They are 
derived partially from tautomeric forms, and correspond to the formulae PhN- 

HN:C(SMe)SII, PhNHN:C(SMe) 2 , and PhNHN:C<;" f . When two 

—CH 2 

different radicals are introduced, stereoisomeric forms of compounds PhNH- 

< 5 R 

arise. The configuration of these compounds, which may also be re- 
5R' 


garded as phonyIhydrazones of mixed dithiocarbonic esters, has been determined 
by Busch (.J. pr. 93, 25). Dilute acids decompose the dialkyl esters (Vol. I, p. 
485; Buschj Ber. 34, 1119; J. pr. 65, 473). When the potassium salt of phenyl- 
thiocarbazinic acid is treated with carbonyl chloride or carbon disulphide, N- 
phenyl-thiohiazolone-hydrosulphide and 'N’-phenyl-dilhiohiazolone-hydrosidphide (p. 
160) are formed. 

a-Phenyl-thio-semicarbazide, ihiocarham ic-a-phenijlhydr azide, NH 2 * NPhC- 
S-NH 2 , m.p. 153®, is produced by the action of ammonium hydrosulphide on of- 
cyano-phenylhydrazinc. |3-Phenyl-thio-semicarbazide, thiocarhamic-^-phenyU 
hydrazide, PhNH*NH *081^112, m.p. 200°, isomeric with phenyl-thio-scmicarb- 
azide, PhNH*CSNHNH 2 (p. 96) is produced by a rearrangement of phenyl¬ 
hydrazine thiocyanate at 160-170®, and changes into ihiocarbaiine or benzo- 
diazthine (p, 160) when heated with HCl (Harries^ Bor. 27, 861). 

^4-Diphenyl-1hio-semicarbazide, phenyl-thiocarbamic-oi-phenylhydrazide, Ph- 
NHCSN*PhNH 2 , m.p. 139®, is formed by the action of aniline on phenyl-dithio- 
carbazinic acid, or by the combination of phenyl mustard oil with phenylhydrazine. 
Like 2,4-diphenyl-semicarbazide (p. 158), but much more readily, one phenyl 
group migrates and the substance changes into 

1,4-Dipheiwl-thio-semicarbazide, phenyl-thiocarbamic-a-phenylhydrazide, Ph- 
NHCSNHNHPh, m.p. 176®. The two isomers yield isomeric methyl ethers. 
PhN:C(SMe)NPhNH 2 and PhN-C(SMe) NHNHPh, respectively, with methyl 
iodide and alkali. The 2,4-compound reacts readily with benzaldehyde and 
yields a benzylidene derivative, while the 1,4-compound does not react in this 
manner. For further reactions of these isomers, see Busch^ Ber. 34, 320. 

Diphenyl-thiocarbazide, sym-diphenyl-thio-carbohydrazide, (PhNH •NH) 2 CS, 
forms colourless needles melting at 150® to a green liquid. It is produced when 
phenylhydrazine phenyl-thiocarbazinate is heated to 100-110® (E, Fischer^ Ann. 
190. 118). 



160 


PHENYLHYDRAZINE DERIVATIVES 


Diphenyl-tliiocarbazone, PhN»»N‘CSNH*NHPh, bluish-black crystals, is 
formed when diphenyl-thiocarbazide is boiled for a short time with fairly concen¬ 
trated alcoholic potash. The compound is used under the name ‘*dithizone^’ for 
the determination of lead and copper (Fischer^ Angew, Ch. 47, 685, etc,), 

Diphenyl-tbiocarbodiazone, (PhN=*N) 2 CSj obtained by oxidising diphenyl- 
thiocarbazone with hydrated manganese dioxide, forms small red needles (Ann. 
212,316). 

Formation of heterocyclic compounds from pkenylkydrazme derivatives of thio~ 
carbonic acid. 


C*H*NHNHCSSK 


COClt 
I cs» 


C,IWI- 

1 >C-SH 
CO-8^ 


CJI.N-Nv 

I V-SH 
CS—s/ 


N-Phenyl-thiadiazo- 
lone thio-hydrate 


N-Phenyl-t Iliad ia- 
zole-thione thio- 
hydrate 


CtHiNH-NH-CSNIIa 


—NH, 


/NH—N 


Phenylthiocarbizine 

Benzothiadiazine 


Phenylhydrazine derivatives of giianidme. —Anilino-guanidine, NH:C(NH 2 )*- 
NHNHPh and amino-phenylguanidinej NII:C(NH 2 ) •N(Ph)NH 2 , are formed 
together by the action of phenylhydrazine on cyanamide {FeMizzari^ Gazz. 26. 
II, 179; 31, 1, 513). Under other conditions a phenylhydrazine derivative ot 
biguanide is formed, vtz.^ theunstableam^mo-6i^uamde,PhNH‘NH*C:(NH)*- 
!NH*C:(NH)•NH 2 (I). On heating with cyanamide, this becomes N-ptetyi- 
guariazale (II), which is also obtained from dicyano-diarnide (III) by the action of 
phenylhydrazine. 


C.H,NHNH*C:NII 
NH,. I 

>C-NH 

mv 


C«H6NNIIC:NH 


HN 




-NH 


II 


CJIsNHNHa + CN 

NH. I 

-NH 

NH^ 

III 


Dianilino-guanidine, NH:C(NH-NHPh) 2 , hydrobromido, in.p. 180'*, is a by¬ 
product in the action of cyanogen bromide on phenylhydrazine (p. 148) (PeZhz- 
zon. Ber. 24, R 649; SchalJ, J. pr. 61, 440). 

PHENYLHYDRAZINE DERIVATIVES OF DICARBOXYLIC ACIDS. Oxa- 
lophenylhydrazilic acid, PhNH-NH-C0*C02H, m.p. 110® (BiUow, Ann. 236, 
197), and oxalo-phenylhydrazide, (PhNH-NH'C>0)2 m.p. 278®, correspond to 
oxanilic acid and oxanilide. From malonic acid are derived: malonic mono¬ 
ester phenylhydrazide, Ph-NH^NH-CO-CHa-COOEt, m.p. 90®, obtained from 
malonyl chloride and phenylhydrazine. It dissolves readily in caustic potash, and 
from this solution HCl precipitates malonyl-phenyl-hydrazide, l-p/icnyi-3,5- 
dtketopyrazolidine (formula below), Malonamide and phenylhydrazine at 200® 
give malonyl-diphenyl-hydrazide (PhNH'NH-CO) 2 CH 2 , m.p. 187® (Michaelis, 
Ber. 25, 1550). Ethylene succinic acid forms compounds corresponding to those 
of malonic acid. Succinic-phenyl-hydrazilic ester, m.p. 107®. Succinyl phenyl¬ 
hydrazide (see below) is obtain^ from phenylhydrazine hydrochloride and suc¬ 
cinyl chloride. Succinyl-diphenvl-hydrazide, (CH 2 CO-NH*NHPh) 2 , m.p. 201® 
{Freund, Ber, 21, 2462) and anif-succinimide, (CH 2 CO) 2 NNhPh, see below. 

PHENYLHYDRAZINE DERIVATIVES OF UNSATURATED DICARBOXY¬ 
LIC ACIDS AND HYDROXY-CARBOXYLIC ACIDS. Maleic phenyl-hydrazide 
is obtained from maleic anhydride and phenylhydrazine. With boiling aqueous 
maleic or fumaric acid and excess phenylhydrazine, an addition reaction takes 
with subsequent lactazam formation, and l-phenyl-b-'pyrazolidom-^^r^ 
tic acid (Vol. IV) is formed {Duden^ Ber. 26,117). A similar reaction occurs 
acrylic and crotonic acids. 

Formation of heterocyclic compounds from phenylhydrazine derivatives of di- 
carboxylic acids (see also Vol. IV). 
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/CX>NH-NHC,H» 

chZ 

^COOH 


xCO—NH 
-»CH< I 

N3O—NCiH, 


CHr—COCl HCl-NHfNH CiH, CHf—CO—NH 

CH,-coa 
CHr-CONH-NHC,H, 

inr-cooii 


■'iHr-ca-ific.H, 

CHr-COv 

-»1 >NNHC.H. 

CHr-CCy 


CH-COOH NH..NHC.H. CO.H.CHNH. 


h. 


H~COOH 


T >NC.H* 
CH,C(K 


Malonyl-phenyl hydra- 
aide, l-pheiiyl-3.5-di- 
ketopyrazolidine 

Succinyl-phenyl hydra- 
zide, N-phenyl-o-di- 
ketopiperazine 

Anilo-sucdnimide, 

succino-phenyl- 

hydrazil 

l-Phenyl-6-pyrazoli- 

done-3-carboxylic 

acid. 


Phenylhydrazidines or Amidrazones, Nitrazones. 

Phenylhydrazo-aldoximes. Phenylazo-aldoximes (Nitrosozones ). 

Formazyl Compounds 

Some pcroups of compounds of the amidine type are related to the carbo^^lic 
derivatives of phenylhydrazine, and should be dealt with here. The hydrazidines 
are amidines in which the imino-group is replaced by the phenylhydrazone group; 
in the nitrazones and in the formazyl compounds, there is a further replacement of 
the amino-group by the nitro- and azophenyl-groups, respectively: 


.NHa >NH, 

CH,C<C„__ CH,C^ 


'^NH 


NNHC,H, 


CH.C<( 


NO* 


NNHC.H, 




/N=*:NC,H| 


NHC,EU 


Acetamidioe Ethenyl-phenylhydraadine Nitro-acetaldehyde- 

phenylhydraiODe 


Formasyl 

hydrida 


To these must be added the phenylazo-aldoximes, the stable isomeric products 
of the very unstable nitroso-phenylhydrazonos: 


/NO 

CH,C< 

^NNHC.H, 

Nitroao-aoet-phenylhydrasone 


/NOH 

CH,C<f 

^N:NHC,H, 

Phenyl-aso-acetaldoxime 


A. PHENYLHYDRAZIDINES OR AMIDRAZONES. The hydrochloride of 

.N-NHPh 

ethenyUphenylkydrazidine, formed by the interaction of 

phenylhydrazine and the hydrochloride of acetimino-ether (Pinner^ Ber. 17,2002). 

.N-NHPh 

Cyan-amidrazone or dicyano-phenylhydrazine, NC—, m.p. 160® 

^NHj 

/PhNHNv \ 

(decomp.), and diamidrazone or cyano-phenylhydrazine, ( I, 

\ NH 2 ' /1 

m.p. 226®, are formed by the action of cyanogen on phenylhydrazine. The di- 
cyano-compound is also obtained by reducing the addition product of diazo¬ 
benzene cyanide (p. 121) and HCN, which presumably has the structure Ph- 

N: NC<^ (Hantzsehf Ber. 28,2082; Nef, Ann. 287,300). The constitutions of 

^CN 

cyanamidrazone and diamidrazone are deduoi)d from the fact that the former is 

produced from flaveanie acid, NC—, and the latter from rvbeanie acid, 

^NHt 
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(Vol. 1, p. 541) and from oxalo-diaminooxime, 


HONv .NOH 

, by the action of phenylhydrazino {Bamberger, Ber. 26, 

2385). Diamidrazone is also obtained by reduction of diform^^yl • 

Acetyl-amidrazone, pyruuic phenylhydrazidine, CHsCO-C^ , 

^NH2 

m.p, 182®, is obtained from formazyl-methyl ketone (p. 164) by reduction with 
ammonium sulphide {Bamberger, Ber. 26, 2783). 

Formation of heterocyclic compounds with amidrazones .—The amidrazones con¬ 
dense with (jarboxylic acids, anhydrides or chlorides to form heterocyclic^ triazole 
derivatives, and with nitrous acid to form tetrazoJe derivatives. C/yanamidrazone 
gives N-phenyl-3-cyano-5-methyl-triazole with a< etio anliydride, and N-phenyl- 
3-cyano-tctrazole with nitrous acid (Vol. IV): 


CeHaNH-Nv 

%C-CN 

NH/ 


CH.COOH 


C.H.N— 


CCN 


N-phenyl-3“Cyano-5- 

methyl-triazole 


CeHftNHN; 


^y.cN - 

NH/ 


CeHsN—N. 


I > 

N=N/ 


CCN 


N-phenyl - 3 - cyano- 
tetrazole. 


B. THE NITROHYDRAZONES OR NITRAZONES. These are the nitro¬ 
compounds corresponding to the amidrazones. They are obtained from the 
alkali salts of primary nitroparaffins (Vol. I, p. 178) by the action of diazonium 
salts, and were formerly thought to be nitro-azoparaffins (p. 138); presumably, 
however, the free compounds are nitro-hydrazones, and their metallic salts and 
0 -alkyl ethers are derived from a tautomeric form, a phenyl-azo-nitro-acid, 

vNOOH 

RC^ . They are readily decomposed by alkalis to nitrites and /3-acidyl- 

^N:NPh 

phenylhydrazides {Bamberger, Ber. 31, 2626): 

CH8C(N02):NNIICflH6 + KOH « CH3CONHNHC6II5 -f KNO2. 

Some poly-halogeno-diazo-compounds combine with primary nitroparaffins in 
the molecular proportion 2:1 with the formation of mixed azo-compounds {Bam¬ 
berger, Ber. 36. 3833). 

Nitroformaloehyde-phenylhydrazone, HC(N02): N -NHPh, exists in two forms: 
a-, m.p. 75®, and /J-, m.p. 85®. With diazomethane it forms an unstable 
0-methyl ether, HC(:NOOMe)N:NPh, m.p. 54®, but with Mel or NaOMe 
a N-methyl derivative results, of the formula HC(NOo) :NNMe-Ph, m.p. 
92®; the latter, on reduction, gives phenyl-methyl-formhydrazidine, HC(NH 2 ): 
NNMe*Ph, m.p. 101®, and, in addition, methylamine and as-phenyl-methyl- 
hydrazine {Bamberger, Ber. 34, 574). 

Nitro-acetaldehyde-phenylhydrazone, CH8C(N02) :NNHPh, small yellow leaf¬ 
lets. m.p. 142®. The compound gives an 0-methyl ether, CH 3 C(NOOMe)N: 
NPn, m.p. 68® with diazomethane. 

C. PHENYLHYDRAZO-ALDOXIMES AND PHENYLAZO-ALDOXIMES 
OR NITROSAZONES, are obtained by the following methods: {1) When nitra- 
zones are reduced with alcoholic ammonium sulphide, phenylhydrazo-aldoximes 
are formed, and these are readily oxidised by ferric chloride to form phenylazo- 
aldoximes: 

RC(N02):NNHCJH.—RC(;NOH)NHNHC.H5 — 


RC(:NOH)N:NCJI,. 
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fjJ) When boiled with water the O-methyl ethers of nitrazones (see above) suffer 
lirect dissociation into formaldehyde and phenylazo-aldoximes: 


/NOOCH, /NOH 

RC<f -► RC<f + HCHO. 

^NiNCaH* \N:NC«H, 


(S) When aldehydo-phonylhydrazones are treated with amyl nitrite and sodium 
ethylate or pyridine, the first stage of the reaction probably consists in the 
formation of very unstable nitrosohydrazones (nitrosazones), which readily re¬ 
arrange to azo-aldoximes {Bamberger, Ber. 35, 108; 36, 53, 86, 347): 

RCHiNNHCeH.-► RC(NO):NNHC«H*-► RC(:NOH)N:NCeH.. 


The aryl-hydrazonos of glyoxylic acid lose carbon dioxide when acted upon by 
nitrous acid, and are converted into phenylazo-aldoximes {Busch, J. pr. 71, 
366). 

Phenylhydrazo-formaldoxime, HC(:NOH)NH*NHPh, white needles, m.p. 
113®, is obtained from nitro-formaldehydrazone by the action of alcoholic am¬ 
monium su^hide, and, on oxidation with ferric chloride, gives phenylazo-formal- 
doxime, HC(:NOH)N:NPh, golden-yellow needles, m.p. 94® (decomp.). 

Phenylhydrazo-acetaldoxime, CH 3 C(:NOH)NHNHPh, m.p. 128®, obtained 
from nitro-acetaldehydrazone, gives phenylazo-acetaldoxime, CH8C(;NOH)- 
N: NPh, m.p. 118®, on oxidation. The latter is also obtained: by boiling the O- 
methyl ether of nitro-acetaldehydrazone (see above) with water; by treating 
acetaldehydo-phenylhydrazone or benzene-azoethane (p. 138) with amyl nitrite 
and sodium ethoxide or pyridine; and finally from acetaldehyde-ammonia and 
nitroso-phcnylhydrazine {Voswinckel, Ber. 35, 1009). With methyl iodide, its 
silver salt gives an 0-raethyl ether of the formula CHjCC :NOMe)N :NPh, an oil, 
b.p. 134® (12 mm.), but its sodium salt gives an N-methyl ether, m.p, 96® with 
methyl iodide. Under the influence of sodium ethoxide, the latter readily con¬ 
denses with ring closure, and forms phenyl-methyl-tnazole: 


.N(:0)CH, 

CH3C<f 

^NiNCbHb 


~H,o 


/N==C] 


N==CH 

C.H,. 


The phenylazo-aldoximes add on hydrogen chloride and form chlorophenyl- 
hydrazo-aldoximes, a migration of the chlorine atom into the benzene nucleus 
taking place: 

RC(:NOH)N;NCJI, - > RC(:NOH)NH NCl-C,H,-» 

RC(: N0H)NH-NHC,H4C1. 

D. FORMAZYL COMPOUNDS arc highly coloured substances, usually red. 
They crystallise readily, and their sulphonic acids are dyes (c/. formazyl-benzene- 
sulphonic acids, Fichter, Ber. 33, 747). They are obtained: (/) from phenyl- 
hydrazonos and normal diazonium salts, usually in alkaline solution; (^) from 
phenylhydrazine and phenylhydrazides, with the intermediate formation of 
hydrazone-hydrazides, which are oxidised by phenylhydrazine, losing two hydro¬ 
gen atoms; and {3) from phenylhydrazine and phenylhydrazide chlorides corre¬ 
sponding to imido-chlorides {Pechmann, Ber. 27,320; Bamberger, Ber, 29, 1386). 
/N:NPh 

Formazyl-hydride, HC^ , m.p. 119®, is obtained from diazonium 

NHPh 

acetate and malonic acid, by fusing formazyl-carboxylic'aci(L or from its acetyla¬ 
tion product, acMyUforrnazyl-hydride, CH(N 2 Ph) :NN(COCH 3 )Ph, by the ac¬ 
tion of methyl-alcoholic potash {Bamberger, J. pr. 65, 131). 

.NNHPh 

C-Nitro-formazyl, N02*C^ , m.p. 156®, obtained from diazonium 

^N:NPh 

solutions by the action of alkaline nitromethane, is a formazyl and a nitrazone 
derivative at one and the same time. It is reduced by sodium sulphide to 
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/NNHPh 

C-amino-formazyl, 135-136® (dec.), which crystallises 

^N:NPh 

with one molecule of alcohol in dark-red hakes with a metallic lustre (Bamberger, 
Ber. 33, 2043; Ann. 446, 280). 

Methyl-formazyl, formazyl-metham, MeC(N 2 Ph) :NNHPh, m.p. 123®, is 
obtained from acetaldehyde pheiiylhydrazone or pyruvic-phenylhydrazone by the 
action of an alkali phenyl-diazotate (Bamberger ,ber. 36, 87; J- pr. 64, 213). 

>N *NHPh 

Forma^l-methyl-ketone, Me-CO-C^ , m.p. 134®, is obtained from 

^NNPh 


acetone, acetoacetic acid, pyruvic aldehyde phouylhydrazone, or benzeiie-azo- 
acetyl-acetone by the action of a phenyl diazonium salt (Bamberger, Ber. 25, 


3211). 

Formazyl-carboxylic acid, CO 2 H • C 


.NNPh 

- p- iM- 


•NHPh 


(decomp.), is ob¬ 


tained by the hydrolysis of ethyl formazyl-carboap^late, m.p. 117®, which is 
formed by the interaction of phenyldiazonium chloride with acetoacetic ester, or 
oxalo-acetic ester, or the phenylhydrazone of mesuxalic hydrogen ester (Bam* 

PhN:N. /N:NPh 

herger, J. pr. 65, 123). Diformazyl, JbC —, m.p. 226®, is 

PhNHN^ ^NNHPh 


obtained as greenish-brown, shinibg leaflets^ by the action of a diazonium salt on 
laevulic, hydrochelidonic, or acetone-diacetic acids, or the osazone of dihydroxy- 

yN:NPh 

tartaric dcid. Formazyl-aciylic acid, C02H-CH:CH*C<x , m.p. 199® 

^N-NHPh 


(decomp.), is obtained by the action of glutaconic acid on phenyldiazonium ace¬ 
tate (Henrich, Ber. 40, 4927). 

Formazyl-azobenzene, phenylazoformazyl, (PhN :N) 2 C:N»NHPh, m.p. 162®, 
is obtained from formazyl-carboxylic acid, or the phenylhydrazone of glyoxylic 
acid or of acetaldehyde, by the action of a diazonium salt in alkaline solution 
(Bamberger. J. pr. 64, 199). By the action of an alkali phenyl-diazotate on 
pyruvic acid, formazyl-glyoi^lic acid, COOH»CO*C(N 2 Ph) :N-NHPh, m.p. 
166®, is first formed, and on prolonged action of the diazotate is decomposed into 
oxalic acid and phenyl-azo-formazyl (Bamberger, J. pr, 64, 204). 

Formation of heterocyclic compounds from formazyl compourids .—^Under the 
influence of strong mineral acids, the formazyl compounds lose aniline and form 
phenotriazine derivatives; thus, formazyl-carboxylic ester ^ves a*phenotriazine 
(Vol. IV). On oxidation of formazyl compounds, tetrazolium compounds are 
formed, e,g., from formazyl hydride, N-diphenyl-tetrazolium hydroxide is ob¬ 
tained (Vol. IV). 


C«H5N=Nv ,N=N 

^C COjCjH,-^ QH4< I 

C«H,NH—\n===CH 


a-Phenotriazine 


CtH*N=:iNv 
CiEUNH—KT 


H 


o 


■> 


C*H5N(OH):Nv 

I >CH 

C«H*N- 


N -diphenyl-tetrazol- 
iumhydroxide. 


^NO 

(q) PHENYL-NITROSOHYDRAZINE, C6H*N< or PhNHNHNO, 

\NH2 

forms brownish-yellow crystalline flocks, which readily change to phenyl azide 
(p. 132). It is produced from phenylhydxazine and nitrous acid, but an excess of 
the latter oxidises it to phenyl-diazonium nitrate (Fischer, Ann. 190,89; Altschul, 
C. 1897, I. 381; Rugheimer, Ber. 33, 1718). The first of the above formulae is 
supported by the fact that the nitroso-phenylhydrazones of aldehydes (see below), 
which possess the formula Ph • N (NO)N: CH • R, rearrange themselves into deriva¬ 
tives of dihydrotetrazene (Busch, Ber. 49, 317). When heated in indifferent sol¬ 
vents, phenyl-nitrosohydrazine decomposes into nitrous oxide and aniline (Thiele, 
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Her, 41, 2809). On reduction it is decomposed and phenylhydrazine is reformed. 
The nitroso-derivatives of alkylaled phenylhydrazines behave .similarly: thus, 
nitroso>a,jd-diethyl-phenyUiydrazine, PhN(C8H6)N(C 2 H 6 )NO, gives ethylaniline 
and ethylhydrazine (Harries, Her. 36, 202). On the other h<and, nitroso-formyl- 
phenylhydrazine, PhN(NO)NHCHO, m.p. 85® (dccomp.) and nitroso-acetyl> 
phenylhydrazine, PhN(NO)NHCOCHa, m.p. 63® (decomp.), give, on reduction 
with sodium amalgam and alcohol, derivatives of the hypothetical phenyl-triazane 
PhN (NH 2 ) 2 , which have been isolated as their benzylidene compounds: benzyli- 
dene>formyl-phenyltriazane, PhN(N:CnPh)NH*CHO, m.p. 183° (dccomp.) 
and benzylidene-acetyl-phenyltriazane, PhN(N:CIlPh)NII*COCHa, m.p. 163° 
(decomp.) (Wahl, Her. 35, 1900), Nitrosophenyl-semicarbazide, PhN(NO)- 
NHCONH 2 m.p. 127° (decomp.), obtained from /^-phenyl-sernicarbazide by the 
action of sodium nitrite and acetic a{*id, decjomposes slowly even at ordinary 
temperature, and more rapidly on heating, with the formation of phenyl-azo- 
carboxylic amide (p, 138); on boiling with caustic potash, it torriis phenyl azide 
(Widfrtnnn, Her. 28, 1925). 

(ri) TETRAZENES, or TETRAZONES, derived from the hypothetical 
nitrogen hydride, Nn 2 —N—N—^ 112 , are produced by the oxidation of as- 
alkyl-phen^d- or diphenyl-hydrazines, with mercuric oxide in alcoholic or ethereal 
sohition, or with hypochlorous acid, bromine, or a dilute solution of ferric chloride 
(Wieland, Her. 43, 3260). 

2PhN(CH3)NH2 + 20 « Ph-NfCHa) N :N N(CH3) Ph + 2 H 2 O. 

They are solids which decompose on melting, or on boiling with dilute acids. 
Dimethyl-diphenyl-tetrazene, Ph •N(CH 3 )N 2 -N(CH^)Ph, m.p. 137®. Diethyl- 
diphenyl-tetrazene, m.p. 108® (Michaelis, Ann. 252. 281). Tetraphenyl-tetra¬ 
zene, Ph 2 N • N**NPh 2 , m 4 >. 123®, is obtaiuwi from aii-diphenyl-hydrazine. Tetra- 
p-tolyl-tetrazene, (CH 3 C 6 H 4 ) 2 N*N 2 *N (C 6 H 4 CH 3 ) 2 , a compound existing as 
fiery yellow needles, m.p. 134® (dccomp.) is obtained V)y oxidising as-p-ditolyl- 
hydrazine in acetone solvition with potiissiiun permanganate. When heated in 
indifferent solvents, the quaternary tetrazenes decompose into nitrogen and tetra- 
aryl-hydrazines. They dissolve in concentrated acid-^ w ith an intensely blue col- 
<nir, nitrogen being evolved. The reaction products are the same as those obtained 
from the corresponding tetra-aryl-hydrazines (p. 149; (WieLayidy Her. 41, 3502; 
Ann. 392, 133). 

(ro) TETRAZANES or HYDROTETRAZONES, derived from the hypo¬ 
thetical nitrogen hydride NH-^-NH-NH-NHi, have been obtained by oxidising 
aldehyde-phonylhydrazones w’ith mercuric oxide or amyl nitrite (Mitminni, 
Gazz. 22, II, 21; Ft china an, Her. 27, 2920; Busch, Bor. 49,310). Thus dibenzyl- 

PhCH:NNPh 

idene-diphenyl-dihydrotetrazene, I , m.p. 190®, was obtained 

Ph-CH:N-NPh 

from beiizylidone-phenyl-hydrazoiio; other products are formed at the same 
time, among them bcnzylidene-houzoyl-diphenyl-dihydrotetrazene, Ph-CH;- 
N-NPh'NPh'NH'CO-Ph, m.p. 105-100°; the latter loses two hydrogen atoms 
and hov.omeii henzoyl-forinazi/ldienzene, Ph-Cl: X N(Ph)COPhlX:NPh (p. 312) 
(Bnsch, Ber. 49, 317, 2345). Other oxidHng agents, air in alkaline 

solution, transform the aldehyde-hydrazcmes into osazones of diketones, e.g., 
benzaldehyde-hvdmzone into benzilosazone. There is yet a third type of 
oxidation, leading to the so-c!alled dehydro-henzaUphenylhydrazone, 
Ph*C:NNHPh 

I , m.p. 207° (Bamheraer, Bor. 34, 528). Triphenvi-hydrazine 

PhNNrCHPh 

reacts with lead dioxide at —60° wdth the formation of the very 1111*^1 able hexa- 
vhenyJ-tetrazane, Ph 2 :N'NPh-N:Ph 2 , decomposing into two molecules of the 
olue, free triphenvl-hydrazyl, PhoiN -XPh-, wmich will bo discussed in the section 
on free radicals (Vol. IV) (Goldschmidt, Ber. 53, 44). 

BUZYLENE or DIAZO-HYDRAZO-COMPOUNDS. Hippuryl-phenyl-buzyl- 
ene, PhxX=N—NH—NHCO CHjNHCOPh, m.p. 84® is a hippuric derivative of 
the unknown nitrogen hydride, huzylene, Nn=N—NH—KH 2 . It is produced 
from hippuryl-hydrazine and phenyl-diazouium sulphate (Cxiriius, Ber. 26, 
1268). Diazobenzene-phenyl-hydrazide, PhN:N-NPh-NH 2 , m.p. 71® (de- 
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comp.), is derived from the same nitrogen hydride. It has been prepared (I) 
by the action of a diazonium salt on pheiiylhydrazine {Fischer, Ber. 43, 3500), 
ifi) by oxidising phenylhydrazine with iodine solution (StolU, J. pr. 66, 336). 
The first meth(^ has been used for preparing a number of nuclear substituted 
derivatives and diazobenzene-alkyl-hydrazidcs. In the same way as the as- 
hydrazines are oxidised by potassium permanganate to tetrazenos (see above) 
diazophenyl-hydrazides are converted by oxidation into compounds containing a 
chain of 8 nitrogen atoms, called 

OCTA ZENES. ?nij-Diazobenzene-diphenyl-tetrazene, tetraphenyl-octazene , 
PhN:N N(Ph)N:N N(Ph)N:NPh, m.p. 51'^; 6fs-bromodiazobenzcne-di- 
phenyl-tetrazene, m.p. 60°. These substan(;es decompose readily and are ex¬ 
plosive {Wohl, Bcr. 33, 2741). 

4- AROMATIC COMPOUNDS OF PHOSPHORUS, ARSENIC, 
ANTIMONY, BISMUTH, BORON, AND SILICON. (C/. Vol. I) 

The phenyl derivatives of phosphorus, arsenic, antimony, bismuth, boron, and 
silicon, are similar in type to the aromatic nitrogen compounds. They are best 
prepared from the chlorides of the various elements which react (1) with benzene 
at a red heat, IICl being eliminated: (^) with benzene and aluminium chloride; 
(S) with diphenyl mercury; (4) with phenyl magnesium bromide (Pfeiffer, Ber. 
37, 4620); (5) with sodium and phenyl chloride or bromide. Further methods are 
(^) the action of alloys consisting of the element in question and an alkali metal, 
on aryl halides; (7) the action of aralkyl-chlorp-compounds, or aryl chlorides 
on the halides of the elements in the presence of an equivalent quantity of an alkali 
metal (Ger. Pat. 508,667). 

Special importance attaches to certain aromatic arsenic compounds, which kill 
trypanosomes, but are comparatively feebly toxic to man, and are therefore of 
the highest value as medicines in protozoic diseases. It has been found that 
compounds which correspond to cacodylic acid (Vol. I, p. 211) and contain penta- 
valent arsenic are less effective than those containing trivalent arsenic (Ehrlich, 
Ber, 42, 17). The mono-sodium salt of y;-amino-phenylarsinic acid (p. 168) is 
used under the name of aioxyl for combating sleeping sickness, and diamino-di¬ 
hydroxy-arsenobenzene (p. 168), known as salvarsan (originally *‘Ehrlich 606’*) 
for the treatment of syphilis. A number of derivatives of these two substances 
which are of therapeutic value have been prepared, e.g,, arsacetin, neosalvarsan, 

PHENYL-PHOSPHORUS COMPOUNDS. Mickaelis succeeded, in 1876, 
in overcoming the experimental difficulties of attaching the phenyl residue to 
phosphorus, and in preparing phosphenyl chloride, which then became the start¬ 
ing material for the preparation of other phosphenyl compounds. Some phos¬ 
phenyl compounds correspond in composition to aromatic nitrogen derivatives 
and have been named accordingly; 

Aniline, C 6 H 6 NH 2 CeHsPII?, phenyl-phosphine 

Nitrobenzene, C6HjN02 C 6 H 6 PO 2 , phosphino-benzeiie 

Azobenzene, CaHsNrNCoHs C^HsP'.PCoHs, phosphobenzene. 

Phenylphosphine, phospJianiline, C«H 6 PH 2 , b.p. 160°, is obtained from phos¬ 
phenyl chloride by treatment with hydrogen iodide, and then with alcohol. It 
IS a Uquid with an extremely disagreeable smell. On standing in the air it is 
oxidised to phosphenyl oxide, C 6 H 5 -PH 20 , a crystalline mass, soluble in water. 
Phenyl-phosphine combines with hydrogen iodide to form phenyl-phosphonium 
iodide. Cells-PHsI, from which water regenerates phenylphosphine. Aryl- 
dialkyl-phosphines are obtained hy the action of two mols. of alkyl magnesium 
halides on aryl-phosphine dichlorides (see below) (Jackson, J. 1930, 2298). 
Phenyl-dimethyl-phosphine, C 6 H 6 P(CHs) 2 , b.p. 83-84° (13.5 mm.), and phenyl- 
diethyl-phosphine, b.p. (10 mm.) 96-98° (Meisenheimer, Ann. 449, 227). 

p-Xylyl-dimethyl-phosphine, b.p. (12 mm.) 106°, changes into the phosphine 
oxide, m.p. 94-95°, on boiling in a current of air. Addition product with mer¬ 
curic chloride, m.p. 225°; with methyl iodide, m.p. 204°. Xylyl-diethyl-phos- 
phine, b.p. (52 mm.) 157°. Both these phosphines have a penetrating odour of 
hyacinth (Jackson, J. 1931, 575). 

Phosphenyl chloride, CeHjPCb, b.p. 225°; d*® 1.319, is a liquid of high refrac¬ 
tive power, which fumes in air. It is formed (1) when benzene and phosphorus 
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trichloride are passed through a red-hot tube {Bowles, Am. 51, 1406); {$) by 
heating diphenyl mercury with phosphorus trichloride; (3) by heating benzene 
and phosphorus trichloride with aluminum chloride. The last reaction has been 
used to introduce the chlorophosphine residue into dimethylaniline and pkenyU 
alkyl ethers, Phosphenyl chloride combines with chlorine to give phosphenyl 
tetrachloride, CeHs’PCU, m.p. 73®, with oxygen to give phosphenyl oxychloride, 
CeHsPChO, b.p. 258®^ and with sulphur to give phosphenyl thiochloride, b.p. 
(130 mm.) 205®. With water, phosphenyl chloride forms phosphenylous, or 
phenyl-hypophosphorous acid, CeHiPHO-OH. m.p. 70®, and phosphenyl tetra¬ 
chloride yields phosphenylic, or phenyl-phosphmic acid, C 6 HjPO(OH) 2 , m.p. 150® 
{Nijk, Rec. 41, 461). p-Tolyl-phosphoro-chloride, CH8l4]C6H4[llPul*, forms a 
tetrachloride, which gives tolyl-trianilino-phosphonium chloride. CH8l4]C6H4P- 
[l](NHPh)8Cl,m .p. 245®, with aniline, and this with sodium hydroxide gives the 
hydroxide, CH 8 C 6 H 4 P(NHPh) 30 H, m.p. 240®. 

Phosphine-benzene, phenyl-phosphinic anhydride, C 6 H 6 PO 2 , m.p. 100®, is 
obtained from phosphenyl oxychloride and phenyl-phosphinic acid. Phospho- 
benzene, CgHbP'.PCcHb, m.p. 150®, is obtained from phosphenyl chloride and 
phenyl-phosphine {Michaehs, Ber. 10,812; 25, 1747). 

Diphenyl-phosphine chloride, (C5H5)2PC1, b.p. 179-180® (16 mm.), is obtained 
by heating phosphenyl chloride alone at 280°, or with mercury diphenyl at 220° 
(Ddrken, Ber. 21, 1505). It gives with phenol, phenoxy-diphenyl-phosphine, 
(C«H6)2P0C*H6, b.p. (62 mm.) 265-270® {Michaelis, Ber. 18, 2118), and with 
dilute sodium hydroxide, diphenyl-phosphine, (C 6 H 6 ) 2 PH, b.p. 280°, and di¬ 
phenyl-phosphinic acid, (C 6 Hi) 2 POOH, m.p. 190® {Michmlis, Ber. 15, 801). 

Triphenyl-phosphine, (CcHfijaP, m.p. 79.5®, b.p. approx. 360°, ju 1.45, has been 
obtained from bromobenzcne by the action of phosphenyl chloride, or phosphorus 
trichloride and sodium, and also by the action of phosphorus trichloride on phenyl 
magnesium bromide (Pfeiffer, Ber. 37, 4621). It combines with alkyl halides to 
give quaternary phosphonium salts, with phenyl magnesium bromide to give 
tetraphenyl-phosphine bromide, (C 6 H 6 ) 4 PBr, m.p. 287® (Dodonov, Ber. 61, 907), 
and with a-halogcno-ketones, such as monochloracetone, CH 8 COCH 2 CI, to give 
compounds which readily change to the so-called phosphoro^keto-betaines, e.g., 

(C6H8)8P^ (7) (Michaelis, Ber. 32, 1566). It also combines with 

bromine to give triphenyl-phosphine dibromide, (CeH 6 ) 3 PBr 2 . which is converted 
into triphenyl-phosphine dihydroxide, (€ 6115 ) 3 ?(OH) 2 , when boiled with aqueous 
sodium hydroxide. When heated to 100®, the latter is converted into triphenyl- 
phosphine oxide, (C 6 H 6 ) 3 PO, m.p. 156®, b.p. above 360°. The same compound 
is obtained by the action of phosphorus oxychloride on phenyl magnesium bro¬ 
mide (SauvagCj C.r. 139, 674), and can be converted into the dichloride, (C 6 H 5 )a- 
PCI 2 , m.p. 176®, by the action of phospliorus pentachloride. With Grignard re¬ 
agents, the dichloride gives inagncsium-halogeno-derivatives, which react with 
aliphatic alcohols giving derivatives of pentavalent phosphorus of the general 
formula Ar 3 PAlk 2 : triphenyl-dimethyl-phosphine, m.p. 163-166®, triphenyl- 
diethyl-phosphine, m.p. 172°, triphenyl-di-n-propyl-phosphine, m.p. 179-182®. 
For condensation products of triaryl-phosphines and phenols, see Grignard, C.r. 
192, 592. 

Triphenyl-phosphine oxide, Ph^PO, is isomeric with phenoxyl-diphenyl-phos- 
phine, (C6H5)2P0C6H8 (q.v.). The vapour density of both these compounds, 
determined at reduced pressure, indicates the single molecular formula (Vol, I, 
p. 13). It follows that phosphorus must be pentavalent in the former, and tri- 
valent in the latter compound (Michaelis, La Caste, Ber. 18, 2118). Cldorine 
attached to the trivalent phosphorus behaves differently from the chlorine atoms 
attached to the fourth and fifth valencies in pentavalent phosphorus. The equi¬ 
valence of the five valencies of phosphorus has been investigated by Anschutz, 
Ann. 482, 25, and Grigiiard, C.r. 192, 592. 

Triphenyl-phosphine sulphide, (C 6 H 5 ) 5 PS, m.p. 161®, is obtained from phos- 
^ phorus oxysulphide and phenyl magnesium bromide. For other sulphur com¬ 
pounds of phenyl-phosphines see Streckcr, Ber. 49, 63. 

PHENYL-ARSENIC COMPOUNDS. (See P. Ehrlich and S, Hata, Die 
experimentelle Chemotherapie der Spirillosen, Berlin, 1910; G. W, Raiziss and 
J. L. Gavron, Organic Arsenical Compounds, Now York, 1923.) 
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The following compounds have b^n prepared by methods similar to those 
used in the preparation of phenyl derivatives of phosphoras trichloride: Phenyl- 
arsine dichloride, C 6 H 6 ASCI 2 , b.p. (14 mm.) 114®. Diphenylarsine chloride, 
(C6H6)2 AsC 1, dimorphous, m.p, 18.3® and 38.8®; diphenylarsine cyanide, 
(CeHjiaAsCN, m.p. 31 ® (the last two compounds are used in gas warfare under the 
name ^‘Blaukreiiz'* (blue cross)). Diphenylarsine iodide, (C«H6)?AsI, m.p. 41-- 
42®. Triphenylarsine, (C«H6) aAs, m .p. 58®, dipole moment 1.07. Phenylarsine 
oxide, m.p. 142-145®, is obtained from phenylarsonic acid (see below) by the 
action of sulphur dioxide; a polymer is formed at the same time, m.p. 210-220® 
{Sletnkopf, J. pr. 141, 301). Phenylarsine sulphide, CeHtAsS. Phenylarsonic 
acid, C6H6A80(0H)2. Diphenylarsonic acid, fC'«H 5 ) 2 AsOOH. Arseno-benzene, 
C«H 5 As:AsC 6 H 5 (A/'ic/iae/is. Ann.201, 191; 207,195; 270, 139; 321,141; Ber. 
27, 263. Philips, Ber. 19, 1031. HolU, Ber. 25, 1521. Ber^da, Ber. 41, 2367. 
Kaniai, Ber. 68, 1893. Slxirnioli, Boll. Farm, 1920, Morgan, J. 117, 777. 
Burrow, J. 117, 1373; Pope, J. 117, 1447. Everett, J. 1930, 1691. Kennedy, J. 
1932, 2781. Blicke, Am. 52, 2946. Champelier, Bull. 47, 1131. Brit. Pat. 
309,249). 

p-Aminophenylarsonic acid, arsanilic acid, NH 2 *C 8 H 4 AsO(OH) 2 , lustrous white 
needles, m.p. above 200®, is formed, together with p,n'-diaminodiphenylar8onic 
acid, (NH 2 C 6 H 4 ) 2 AsOOII, m.p. 232®, by heating aniline arsenate to 190-200® 
{Beufia, Ber, 41, 2367; Kazirrderczak, Arch. Ch. Farm. 3, 30). Arsanilic acid is 
reduced by hydrogen iodide or sulphur dioxide to p-aminophenylarsine oxide, 
NH 2 C«H 4 AsO * 21120 , but by tin and hydrochloric acid to the yellow p,p'-diamino- 
ars^obenzene, NH2C6H4As:AsC«H4NH2, m.p. 140° (Ger. Pat. 206,344). For 
the relation between the nature and position of substituents and the therapeutic 
and toxic properties of phenyl-a rsoni<? acids, see Fouriieau, Ann. Inst. Pasteur, 
1923. In most cases the toxicity of the p-arsanilic acids is reduced by N-acyla- 
tion, and increased by N-alkylation. Among thci derivatives of arsanilic acid 
which are of value on accxmnt of their trypanocidal or spirillocidal action, the 
following may be mentioned: tryparsamide, the mono-sodium salt of amino-acet- 

NaOv 

amino-phenvl-arsinic acid, ^As *OC 6 H 4 -NH*CH 2 CONH 2 , obtained b 3 ’^ the 


action of chloro-acetamide on atoxyl; arsacetin, the sodium salt of N-acotyl-ars- 
NaOv 

anilic acid, ^AsO•CJT 4 -NH* 000114 , obtained by acetylating atoxyl; 

NaOv 

stovarsol ('TWneau 270^0, >AsO*C«Ha(OII)-NH OOOHa, the sodium 

HO^ 


salt of n-hydroxy-p-acetamiiio-phenylarsonic acid. 

p-Hydro^-phenylarsonic acid, H006H4As0(0H)2, can be obtained from 
arsanilic acid via its diazo-compound. The compound melts at 174®. It can also 
be obtained by heating phenol with arsenic acid (Ger. Pat. 205,616). By nitra¬ 
tion and reduction this compound yields first, r/ 2 -amino-p-hydroxy}>henylarsonic 
acid, HO(NH 2 )C 6 H«AsO(OH) 2 , then ?a,m'-diamino-p,p-aihydroxyarsen6benzene 
HO(NH 2 )C 6 H 8 As; AsO«Hs(NH?)OH, of which the dihydrochloride is known as 
s^varsan. Successive treatinont of salvarsan with a silver salt and alkali gives 
silver-salvarsan, a substance of considerable therapeutic value, of the formula: 


NaOv /ONa 

>C,H,A8: As-C,H,< 

h,n/ \nh. 


Neosalvarsan is a condensation product of salvarsan and sodium formaldehyde 
sulphoxylate, and apparently has the formula; 
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(Loachf Klin, Wochenschr. 1929). For homologous aminophenylarsonic acids 
and their reaction products^ see Kahn, Ber. 41, 3859, For azo-dyes containing 
arsenic, obtained from p-nitroso-phenylarsonic acid and toluylene diamine by 
means of hydroxylamine hydrochloride see Karrer, Ber. 45, 2359. 

PHENYL-ANTIMONY COMPOUNDS. Triphenyl-stibine, (C6Hs),Sb, m.p. 
48®^ dipole moment 0.67, was first prepared by Michaelis (Ann. 233, 43) by adding 
sodium to a benzene solution of chlorobenzene and antimony trichloride, and 
later by Pfeiffer by the action of phenyl magnesium bromide on antimony tri¬ 
chloride (Ber. 37, 4621). Wlieii heated with antimony trichloride in xylene it 
gives phenyl-stibine dichloride, m.p. 58®, b.p. 290®, from which the oxide, sul¬ 
phide, tetrachloride, and phenyl-stibinic acid, [C 6 H 6 Sb 0 ( 0 H) 2 ] 3 «H 20 , have been 
prepared {Hasenbaumer, Ber. 31, 2910; Schmidt, Ann. 421. 174). When phenyl- 
stibine oxide is heated to 90® in a current of nitrogen, ana subsequently treated 
with acetic acid, diphenyl-stibine acetate, (C 6 H 6 ) 2 Sb*OCOCHi, m.p. 133-135® 
is obtained, which has been further converted into the chloride, bromide, iodide, 
and cyanide, m.p. 68®, 86®, 68-70®, and 115-116®, respectively (Steinkopf, 
Ber. 65, 409; Blicke, Am. 53, 1025). Triphenyl-stibine dichloride, m.p. 142®. is 
obtained from triphenyl-stibine and chloride. Triphenyl-stibine sulphide, Phj- 
SbS, m.p. 120® is obtained by the action of alcoholic ammonium sulphide on tri- 
phcnyl-stihine dibromide (Kaufmann, Ber. 41, 2762). For the anaesthetic and 
trypanocidal effect of phenyl-stibine compounds, see Balaban, J. 1930, 1685; 
Niyagy, Indian Soc. 8, 56. 

PHlENYL-BISMUTH COMPOUNDS. Bismuth triphenyl, (CeHfi)3i, m.p. 
78®, dipole moment zero, is obtained from the alloy of bismuth and sodium<and 
bromobenzene, or by the action of phenyl magnesium bromide on bismuth tri¬ 
chloride {Micha.eliB, Ann. 251, 324; Pfeiffer Ber. 37, 4622; Supnievski, Am. 48, 
607). Diphenyl-bismuth iodide, (C^sTaBiI, m.p. 133® (Gillrneiater, Ber. 30, 
2843). 

PHENYL-BORON COMPOUNDS. By the action of mercury diphenyl or 
organo-magnesium halides (Ger. Pat. 371,467) on boron trichloride, phenyl-boron 
dichloride, PhBCh, m.p. 0®, b.p. 175®, and diphenyl-boron chloride, Ph 2 BCl, 
b.p. 271®, are obtained. Phenyl-boron dibromide, PhBBr 2 , m.p. 33®, b.p. (20 
mm.) 100®. Diphenyl-boron bromide, Ph 2 BBr, m.p. 25® (Michaelis, Ber. 27, 
224; Ann. 315, 29). Phenylboric acid, PhB(OIi) 2 , m.p. 221®, is obtained by the 
action of phenyl magnesium bromide on methyl borate, or by the action of water 
on phenyl-boron dichloride. On heating it gives phenyl-boron oxide, PhBO 
(Krause, Ber. 55, 1262). o-, ?«-, and p-Nitrophenylboric acids, m.p. 147.5®, 
319®, and above 360®, respectively {Seamnn, Am. 53, 711). 

Triphenyl-boron, PhaB. m.p. 136®, b.p. (15 mm.) 203®, obtained by the 
action of boron trifluoriae on phenyl magnesium bromide (Krause, Ber. 55, 
1262), gives with Na or Na-amalgam sodio-triphenyl-boryl, Ph*BNa, and analo¬ 
gous compounds with Li, K, Rb, Cs (Krause, Ber. 59,777). Other aromatic com¬ 
pounds of tetravalent boron are described in the section on free radicals, Vol. IV. 

PHENYL-SILICON COMPOUNDS were first discovered by Ladertburg in 
1874, but most of our knowledge of these compounds is due to F, S. Kipping 
(J. 1899-1935). Phenyl-silicon trichloride, PhSiCU, b.p. 197® is prepared by the 
action of silicon tetrachloride on mercury diphenyl (Ladenburg, Ann. 173, 151) 
or phenyl magnesium bromide. With water it gives silico-benzoic acid, PhSiO- 
OH, m.p. 92®, and with ethyl alcohol, orthosilico-benzoic ester, PhSi(OEt)j, b.p, 
173®, which can also be obtained from orthosilicic ester and phenyl magnesium 
bromide (Khotinsky, Ber. 41, 2946). Phenyl-triethyl-silicane, PhSiEta, a liquid 
boiling at 230®, is produced bv the action of zinc diethyl on phenyl-silicon tri¬ 
chloride. Triphenyl-methyl-suicane, PhaSiMe, m.p. 67®, and triphenyl-ethyl- 
silicane, PhsSiEt, m.p. 76®, are obtained from triphenyl-silicon-chloride, PhiSiCl, 
m.p. Ill®, by the action of methyl- and ethyl-magnesium iodide, respectively. 
Mixed compounds with four diflerent radicals, e.g,, phenyl-methyl-ethyl-propyl- 
siUcane, PhSiMeEtPr, a liquid, b.p. 231®, have been prepared by treating silicon 
tetrachloride successively with phenyl-, methyl-, ethyl-, and propyl-magnesium 
bromide. For optical activity of organo-silicon compounds see Kipping, et aL, 
J• 97, 755. 

Triphenyl-silicane, PhjSiH, m.p. 203® (Ladenburg, Ber. 40, 2278). Silicon 
tetraphenyl, PluSi, m.p. 228®, b.p. above 3(K)®, has been obtained by acting on an 
ethereal solution of silicon tetrachloride and chlorobenzene with sodium (Polia, 
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Ber. 19, 1012). Whon heated with bromine it gives triphenyl-silicon bromide, 
PhiSiMgBr. m.p. 120 ®; this latter, when boiled with potassium carbonate solution, 
is converted into triphenyl-silicol, PhaSiOH, m.p. 155®. Diphenyl-silicol, Ph 2 Si- 
( 0 H) 2 , m.p. 139®, IS converted on melting into trimolecular diphenyl-silicone, 
(Ph 2 SiO) 3 , m.p. no® {Dilthey, Ber. 37, 1139). 

Mixed alipliatic-aromatic tetra-alkyl-silicon derivatives like ethvl-propyl- 
dibenzyl-silico-raonosulphonic acid, PrEt(PhCH 2 )Si(CH 2 CeH 4 S 03 H), have been 
resolv^ into optical isomers. 

The compounds Si 4 Ar 8 and those of trivalent silicon are described in the section 
on free radicals, Vol. IV. 

5. PHENYL METALLIC DERIVATIVES* 

The phenyl and other ar>'l groups have been combined with many metals, such 
as Li, Na, K, Mg, Zn, Hg, Al, Cr, Th, Gc, Sn, Ag, An, and Pb. A number of 
these compounds, those of tetravalcnt chromium, and trivalent tin and lead, 
are to be regarded as free radicals (Vol. IV). 

Phenyl-lithium, PhLi, is known only in solution, which is obtained by the 
action of lithium on bromo- or iodo-benzene. When treated with carbon dioxide 
it gives only a small amount of lithium benzoate, but it has, in general, the 
properties of a Grignard reagent. 

Phenyl-sodium, PhNa, is a spontaneously inflammable brown powder, which 
is obtained by the action of an excess of sodium on mercury diphenyl. It is prob¬ 
ably an intermediate product in Fittig’s reaction between sodium and bromo- 
benzene (Acrcc, Am. 29, 588). 

Triphenylmethyl-sodium. PhaCNa, is a brick-red substance, which reacts vio¬ 
lently with the oxygen of tne air. It is obtained by the action of sodium on tri- 
phenylmethyl {q,v,) (Schlenk^ Ber. 49, 608; Ann. 464, 1), 

PB®NYL-POTASSnJM COMPOUNDS. Potassium compounds of the general 
formula. Alk-Ar 2 C-K, are obtained when an ether solution of the ethers of alkyl- 
diphenyl-carbinols, AIk»Ar 2 C*OR, is acted upon by the metal. Ethyl-diphenyl- 
methyl-potassium, an orange powder, gives a,a-diphen 5 dpropionic acid with 
carbon dioxide. This and other similar potassium and sodium compounds will 
add on to unsaturated hydrocarbons {Ziegler^ Ann. 437, 227; 473, 1; Ber. 61, 
253). 

Magnesium-diphenyl, PhgMg, is a light, pale-yellow powder, which dissolves 
readily in a mixture of benzene and ether. It is obtained by heating mercury- 
diphenyl with magnesium powder and a little ethyl acetate to 180-185® (TToflro, 
Ann. 282, 320; Oilman^ Rec. 49, 202). It inflames in air, and reacts violently 
with water, forming Mg (OH) 2 and benzene. 

ARYL MAGNESIUM HALIDES.t Phenyl magnesium bromide and iodide, 
PhMgBr and PhMgl, and homologous aryl-magnesium halides are formed in a 
similar manner to the alkyl-magnesium halides (Vol. I, p. 219), by the action 
of magnesium on ether solutions of bromo- and iodo-benzene. They are, like the 
alkyl compounds, exceedingly useful in syntheses. 1. They combine with car¬ 
bon dioxide to ^ve salts of aromatic carbojnrlic acids, such as benzoic acid, 
PhCOOH. 2, With carbon oxysulphide, COS, thiocarboxylic acids, e.g.^ 
PhCOSH, and triphenyl-carbinols, e.gr., Ph^COH, are formed. S, With carbon 
disulphide, carbithionic acids, c.^., PhCSSH, are formed. 4* Triphenyl-carbinol 
is obtained by the action of phosgene and etnyl benzoate on PhMgBr. 5, Thio- 
anilides, e.^., CHaCSNHPh, are formed with mustard oils. 6, Alkyl-aldehyd- 
imines, e.a., PhCH=NMe, are formed with isocyanides. 7. Diazoaminoben- 
zene, FhN 2 NHPh, is formed with phenyl azide. <?. With nitrosyl chloride Ph¬ 
MgBr gives nitroso-benzene. 9. With oxygen, phenol and phenyl-methyl- 
caiM^inol are formed, the ether employed as solvent participating in the formation 
of the latter. 10. Sulphur and selenium produce thiophenols and seleno-phenols, 
PhSH and PhSell. 11. Iodine gives ioaobenzene and MgBrI. 12. Primary, 
secondary, and tertiary aromatic alcohols are formed with formaldehyde and otW 


*See J. Schmidt, Organometalloverbindungem Stuttgart, 1934; a survey of 
the more recent literature is given by Hofmann, Ber. 65, A 30. 
t See Runge, Organomagnesjumverbindungen, Stuttgart, 1932. 
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aldehydes, ketones, and esters. IS, PhMgBr and an excess of ethyl formate 
gives benzaldehyde, while acetonitrile or acetamide give acetophenone. 

For the preparation of magnesium compounds without the use of ether see 
Schorigin, Ber. 66, 1426. 

Zinc diphenyl, Ph 2 Zn, m.p. 104®, is obtained by the action of zinc wool on 
mercury diphenyl in boiling xylene. The p-halogen substituted compounds are 
obtain^ similarly. Zinc di-o-tolyl, m.p. 207-213®. 

Mercury diphenyl, Ph 2 Mg, m.p. 125®, was first obtained by Otto and Dreher 
(Ann. 154, 93) by treating a solution of bromobenzene in benzene with liquid 
sodium amalgam; the reaction is accelerated by the addition of ethyl acetate. 
It can also be obtained by the action of HgCU or HgCl on PhMgBr {Pfeiffer, Ber. 
37, 1127), and from aryl-diazonium mercury halides, Ar-Nj-HgCb. in acetone, 
by the action of Cu powder {Nesmejanov, Ber. 62, 1019). Details of preparation 
are given by Hein, Ber. 58, 1499, Oilman, Am. 51, 928, Horgstrom, ibid., 3387. 
and Calvery, Org. Synth. 9, 54. It crystallises in colourless rhombic prisms^ ana 
can be sublimed. It turns yellow when exposed to light. It dissolves readily in 
benzene and carbon disulphide, more sparingly in alcohol and ether, and is in¬ 
soluble in water. When distilled it breaks up almost completely into diphenyl, 
benzene, and mercury. By the action of sodium on mercury diphenyl in benzene 
solution, the highly reactive sodium phenyl, PhNa, is formed. Acids decompose 
it with the formation of benzene and mercury salts. It is the starting material 
for the preparation of many phenyl-metallic compounds and '‘pseudo^ ^-metallic 
compounds. KekuU and Fra^ichimont prepared tripkenylmethane (p. 525) from 
mercury diphenyl and benzal chloride. Halides are harmed with the halogens: 
mercury phenyl chloride, PlillgCl, m.p. 250®, mercury phenyl bromide, PhHgBr, 
m.p. 267°, mercury phenyl iodide, PhHgl, m.p. 265®. Mercury phenyl hydroxide 
PhllgOH, is prepared from the chloride by the action of silver oxide in alcohol. 
Di-p-tolyl mercury, m.p. 243° {Nesmejanov, Ber. 62, 1019). Di-p-anisyl mer¬ 
cury, m.p. 198-200° {BLicke, Am. 51, 3479). 

Mercury phenyl acetate, PliHgOCOCHs, is formed directly when benzene and 
mercuric acetate are heated to 110 - 120 °, and by boiling mercuric oxide and 
benzene with glacial acetic acid (Br. Pat. 325,846; Nesmejanov, Ber. 66 , 199). 
By similar methods it is possible to introduce a mercury atom in place of a nuclear 
hydrogen atom in many aromatic compounds, such as nitrobenzenes, anilines, 
phenols, benzoic acid, etc. Indeed it has become customary to speak of the 
mercuration of aromatic compounds in the same way as one speaks of chlorina¬ 
tion, nitration, and sulphonation, as a general reaction. In these compounds 
the mercury is fairly firmly attached to the nucleus. By energetic methods even 
more than one hydrogen atom can be replaced, and compounds such as C 6 H 4 - 
(HgOCOCHg) 2 , CeHaCHgOCOCIDs and C6H2(HgOCOCH3)4, are produced 
{Acree, Am. 29, 588). 

MERCURY-DIARYLS, see Ladenburg, Ann. 173, 162; Jacobsen, Ber. 14, 
2112; 17,2374; 22,1220; Ber. 20, 1719, 

PHENYL-ALUMINIUM COMPOUNDS. Triphenylaluminium, Ph,Al, m.p. 
196-200°, is obtained from aluminium and mercury diphenyl. It is a powder 
which is readily atta(^kcd even by dr 3 '’ air. It inflames with water, giving benzene, 
diphenyl, and aluminium oxide. It combines with alkali metals {Hilpert, Ber. 45, 
2828; Krause, Ber. 59, 1428). Tri-p-tolylaltuninium is obtained from aliunin- 
ium and di-p-tolyl-mercury {Kra'ose, Ber. 63, 2401). 

PHENYL-CHROMIUM COMPOUNDS were discovered by Hein. Several 
scries of aryl-compounds derived from 6-, 5-^ 4-, and 3-valent chromium are 
known. Pentaphenyl-chromium bromide, PhsCrBr, is an orange-red, amorphous 
powder, which is prepared by the action of CrCh on PhMgBr. It is converted by 
alcoholic potash into pentaphenyi-chromlum hydroxide, PhiCr0H*4H20, in 
which part of the water is water of constitution {Hein, Ber. 52, 195; 54, 1905), 
This gives, with hydrogen halides, tetraphenyl-chromium bromide and iodide, 
both crystallising with chloroform of crystallisation, the former melting at 138®, 
and the latter, when freed from chloroform, at 178° {Hein, Ber. 54, 2708, 2727). 
Tetraphenyl-chromium hydroxide, Ph 4 CrOH, forms orange crystals, m.p. 104- 
105°. It is formed from the above halides by the action of silver oxide, or electro- 
lytically {Hein, Ber. 57,8). Tetraphenyl-chromium, (Ph 4 Cr)n, forms orange-red 
or copper-red crystals, and is obtained by electrolysis of PhiCrl {Hein, Ber. 59, 
362). Triphenyl-chromium iodide, Ph*CrI, m.p. 67°. Triphenyl-chromium 
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hydroxide y PhtCrOH, is a base which ^ives an aqueous solution as strong as NaOH. 
Triphenyl-chromium, PhjCr is obtained from the iodide by electrolysis (Hein, 
Ber. 61, 2265). 

PHENYL-THALLIUM COMPOUNDS. Thallium halides, TlHaU react with 
phenylboric acid (p. 169) with the formation of phenyl-thallium dihalides or 
mpheuyl-thallium monohalides. depending on the proportions of the reactants 
employed. Phenyl-thallium dichloride, and dlbromide, m.p. 235^ and 152" 
(decomp.), respectively. Diphenyl-thaUium chloride, and bromide, both melt 
above Diaryl- (phenyl, o- and p-tolyl) thallium halides have also been 

prepared from aryl magnesium bromides and thallium halides. On hydrolysis 
the monohalides give the oxides (Ar 2 Tl)sO. The dihalides are decomposed by 
boiling water into diphenyl-thallium monohalides and thallium halides (God^ 
dard, J. 121, 36, 256, 482; Cfuillenger, J. 1931, 1462). Triphenyl-thallium, 
m.p. 188-189", decomp, at 215-216", is obtained from PhjTlBr and PhLi (Birch, 
J. 1934, 1132). 

PHENYL-GERMANIUM COMPOUNDS. Tetraphenyl-germanium. PluGe, 
m.p. 236®, is obtained from germanium bromide, GeBri, and PhMgBr in the 
presence of zinc chloride, or from germanium chloride, GeCL, PhBr and Na. 
Hexaphenyl-germano-ethane, Ph8Ge*GePhj, is formed at the same time, m.p. 
336". The former compound gives with halogens, triphenyl-germanium bro¬ 
mide, PhaCjeBr, m.p. 139", fluoride, m.p. 77®, chloride, m.p. 116®, iodide, m.p. 
157®. By hydrolysis of the bromide with NH| the oxide, (PhaGe)20, m.p. 183- 
184® is formed (Morgan, J. 127, 1760; Gibson, J. 1929, 2769; Kraiis, Am. 49, 
457 ; 54,1522; Ordoff, Am, 4^ 2512; Batter, Ber. 66, 1166 [PhGe-trihalides]; 67, 
1041). The sulphide, (Ph*Gre) 2 S, melts at 138® (Burscnkies, Ber. 69, 1143). 
For the optically active phenyl-ethyl-isopropyl-germanium cation see Schwarz, 
Ber. 64, 2352. 

PHENYL-TIN COMPOUNDS. By treating stannous and stannic chlorides 
with mercury diphenyl Aronheim (Ann. 194, 145) obtained diphenyl-dichloro- 
ataimane, tin-diphenyl-dichloride, Ph 2 SnCl 2 , m.p. 42®. It can also be obtained 
by heating equivalent amounts of stannic chloride and tin-tetraphenyl at 220® 
in a sealed tube. With 3 mols. of stannic chloride and one of tin-tetraphenyl 
phenyl-trichloro-stannane, b.p. 142-143® (25 mm.) is formed. With HBr and 
HI this gives phenyl-tribromostannane, b.p. (26 mm.) 182-183® and phenyl- 
iodostannane, an unstable oil, respectively (Waga, Ann. 282, 328; Kozeshkov, 
Ber. B62,996). Diphenyl-staimane oxide, Ph 2 SnO, a white powder, and phenyl- 
Btannonic acid, PhSnO*OH, are formed from the hydrolysis of the dichloride. 
Triphenyl-stannane chloride, bromide, and iodide, Ph8SnX(X » Cl, Br, I) 
m.p. 106®, 125®, and 121®, respectively, are formed by the action of the halo¬ 
gens on tetraphenyl-tin at —48®, Tetraphenyl-stannane hydroxide, PhsSnO, is 
obtained by the action of KOH on the bromide. Diphenyl-tin, Ph 2 Sn. m.p. 130®, 
is a lustrous yellow powder, obtained by the aijtion of stannous chloride on phenyl 
magnesium bromide, or by the action of sodium on the dichloride (Chambers, 
Am. 48, 1054; Krause, Ber. 51, 912; 53, 175). 

Tetraphenyl-tin, Ph 4 Sn, m.p. 226®, b.p. above 420®^ is obtained from sodio- 
tin and bromobenzene, or by the action of stannic chloride on phenyl magnesium 
bromide. It is used as a phenylating agent (Pfeiffer, Ber. 37, 321; Best, Am. 51, 
1922). 

Kippirtg has attempted to resolve phenyl-benzyl-tolyl-tin salts and phenyl- 
ethyl-butyl-tin salts into diastereomers, like their purely aliphatic analogues, with 
the aid of optically active acids. These efforts did not succeed owing to the fact 
that these compounds do not crystallise well (J. 1928, 2365). For alkyl-aryl-tin 
compounds see Kozeshkov, Russ. J. 5, 1158. 

Phenyl-silver, PhAg. was obtained by Krause, by the action of silver chloride 
on phenyl-magnesium bromide. The product was not, however, quite free from 
silver chloride. It is a dark brown powder, unstable in the air, andf even in nitro¬ 
gen (Ber. 56, 2064). 

P]^NYL.GOLD COMPOUNDS. Phenyl-gold dichloride, PhAuCU HaO, is 
obtained by the action of AuCls on benzene as yellow crystals, m.p. 65® (decomp.). 
As a secondary reaction, chlorine enters the nucleus. Homologous aryl-gold 
compounds are known (Kharasch, Am. S3, 2401, 3063), 

PHENYL-LEAD COMPOUNDS. Phenyl-trimethyl lead, PhMe,Pb, b.p. (13 
mm.) 104", and phenyl-triethyl lead, PhEtaPb, b.p. (12 mm.) 135", is obtained 



SULPHONIC ACIDS 


173 


from the corresponding trialkyl lead chloride and phenyl magnesium bromide 
{Grv£ltner, Ber. 51, 1293). Diphenyl-lead dichloride, Ph 2 pbClt, decomposes on 
heatiM; triphenyl-lead chloride, PhaPbCl, m.p. 204-206®; both are obtained 
from PhiPb and HCl. Triphenyi>lead fluoride, m.p. 318®, is obtained by the 
action of KF on the bromide. Tetraphenyl-lead, PmPb, m.p. 224-225®, is ob¬ 
tained from bromobenzcne, sodio-lead, and ethyl acetate, or by the action of 
PbCli and PhMgBr. Tetra-o-tolyl lead, m.p. 201-202®, is obtained from PbClj 
and o-tolyl-magnesium bromide (KraiLse^ Ber. 55, 888; Gilman^ Am. 49, 2315; 
51, 3112; Amlin Jim. 53 1543, 1578, 3514). 

LEAD-TRIARYLS, ArsPb and ArePb 2 are formed by the action of PbCl* on 
aryl-magnesium halides if the temperature is kept low. They change into 
tetra-aryl compounds on heating, and are probably intermediate compounds in 
the formation of the tetra-aryl compounds. Triphenyl-lead, PhjPb, forms pale 
yellow rhombohedrons. It is a stable compound which begins to decompose only 
at 155®. Tri-o-tolyl-lead, m.p. 193-240®, p-, m.p. 240-250®. KMn 04 in ace¬ 
tone oxidises these compounds to the hydroxides AraPbOH. Diphenyl-lead, 
Ph 2 pb, is a red powder which decomposes at 100®. Phenyl-cyclohexyl-methyl- 
lead bromide, m.p. 93®. A number of triaryl-lead bromides have been prepared 
LKrause, Ber. 55, 888, 892; 65, 30). 

6. THE SULPHONIC ACIDS 

The aromatic hydrocarbons form sulphonic acids very readily, a 
fact which, like their easy nitration, distinguishes them from aliphatic 
compounds. The introduction of the sulphonic acid group in place of 
an aromatic hydrogen atom is called ^^sulphonation.'^ 

Methods of formation, — 1. The sulphonic acids of the benzene 
hydrocarbons and those of other benzene derivatives are very readily 
formed merely on mixing or heating with concentrated or fuming 
sulphuric acid. The addition of mercury or mercuric sulphate 
accelerates the reaction. By this means three sulphonic acid groups 
can be introduced into one nucleus: 

CeHe -h HO SO,H « CeHftSO,H -f ILO. 

Benzene sulphonic acid is formed when benzene vapour is passed 
through sulphuric acid at 160-200® (Fr. Pat. 492,656, add. 22,141), 
or by a contact process {Guyot, Chim. et Ind. 2, 879). For the part 
played by mercury compounds and their directive influence see 
Lauer, J. pr. 138, 81. 

The action of excess chlorosulphonic acid, CI.SO 2 OH, with 
efficient cooling, gives largely the sulphonyl chlorides {Klaesson, Ber. 
12, 1848; Carrara, Ber. 22, R 739; Ullmann, Ber. 42, 2057). Sul- 
phones are formed as secondary products (p, 182). 

5. Sulphonic acids may be obtained from diazoamino-compounds 
by boiling with sulphurous acid (p. 131). 

4- They may also be obtained by the oxidation of thiophenols 
(p. 213). This reaction proves that the sulphur of the sulphonic acid 
group is attached to the nucleus; cf. Vol. I, p. 170, inercaptans. 

6, Sulphonic acids are formed by oxidation of sulphinic acids 
(p. 180). 

Properties and reactions .—Many aromatic sulphonic acids are very 
soluble in water and therefore crystallise with difficulty. Such acids 
are better ‘‘salted out'^ as sodium salts by the addition of sodium 
chloride to their concentrated aqueous solutions {Langmuir, Ber. 28, 
91). Some sulphonic acids can be distilled without decomposition in 
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a cathode-ray tube {Krafft, Ber. 33, 320). The fact that sulphonic 
acids are readily formed and dissolve readily in water is used indus¬ 
trially for the conversion of insoluble aromatic dyes into soluble 
derivatives. 

I, The chlorides of the acids arc obtained by the action of POCls or PCU 
on the alkali salts, or by the action of PCls on the free acids. The amides, esters, 
etc.f are obtained from the chlorides by the same methods as in the case of the 
alkyl-sulphonic acids (Vol. I, p. 175). The esters can also be prepared by the 
Schotten-Baumann method, by shaking a mixture of the chloride and the alcohol 
in question with caustic soda (Foldi, Ber. 53, 1836). They react with alcohol at 
140-150° forming? ethers (Vol. I, p. 154). Benzene sulphonic esters are able to 
transfer their alkyl groups to phenols and amines on heating with them, and are 
thus general alkylating agents. The sulphonamides are stable and crystallise 
well, and are often used to characterise the sulphonic acids. 

When dry distilled the free acids give hydrocarbons and sulphones. The 
same decomposition is brought about more readily by heating with cone. HCl at 
150-180°, or by distilling the ammonium salt of the sul|)honic acid, or its lead 
salt mixea with ammoinum chloride {Kolbc^ Bor. 16,1468). The simplest method, 
however, is to pa’s superheated steam through the dry sulphonic acid or its solu¬ 
tion in concentrated sulphuric acid (Kolhe^ Ber. 10, 92). 

3, The SO 2 CI group of the sulphonyl chlorides can be replaced by Ch by 
means of PCI 5 . In some cases the sulphonic group of the acids themselves is dis¬ 
placed by CI 2 ot Br 2 (Kolbe, Ber. 16. 617), but the best way to carry out this sub¬ 
stitution is by means of SOCI 2 {Majf^r, Mo. 36, 723). 

Jf, In some cases the sulphonic acid group can be replaced by the nitro group 
by treatment with nitric acid. * 

5. The sulphonic acids of alkyl-benzenes give carboxy-sulphonic acids on 
oxidation. Often the sulphonamides are used insttjad of the free acids. The 
oxidation of o-toluene sulphonamide gives o-sulphobonzimide, or saccharin, and is 
carried out commercially. 

G, Reduction of aromatic sulphonyl chlorides gives thiophenols {Fichter. Z. 
Elektrochem. 13, 310): PhSOaCl 4- 6H - PhSH -f 2 H 2 O + HCl. This reac¬ 
tion, like the reverse one (oxidation of thiophenol to sulphonic acid) proves that 
the sulphur atom is directly linked to the benzene nucleus. With alkyl-mag- 
nosium compounds the sulphonyl chlorid<‘.s gives disulphoxides and tMocthers 
(Wedekind, Ber, 54, 1604), 

7. The sulphonic acids are unalTected by boiling aqimous alkalis. When fused 
with alkalis, however, they give phenols. This reaction is used in the manufac¬ 
ture of resorcinol (p. 222) and other phenols: 

PhSOiOK + KOH = Ph‘OH + KSOz, 

I 

8. When distilled with dry p(»tassium cyanide or potassium ferrocyaiiide, 
nitriles are formed: 

PhSOaOK + KCIS; - PhCN -f K 2 SO 3 . 

These nitriles can be hydrolysed to carboxylic acids. 

9. Carboxylic acids are also obtained when the sulphoiiates are fused with 
sodiiun foraate. 

10. Primary aromatic amines (anilines) are formed when sulphonic acids are 
fused with sodamide {Jackson, Ber. 19, 903; Sachs^ Ber. 39, 3014): 

PhSOaNa + NaNIl 2 = Ph-NHz -|- Na 2 S 03 . 

II. By the action of nitrous fumes on sulphonic acids, nitro-compounds are 
formed according to the equation {Datta, Am. 41, 2039): 

ArSOsH -h OHNO 2 = Ar-NOj + ON SOaH. 

MONOSULPHONIC ACIDS. Benzene-sulphonic acid, CaHaSOall. m.p. 
52°, b.p. (*'0'' mm.) 65°, is exceedingly soluble in water, and crystallises from its 
aqueous solution with water of crystallisation, The barium salt, (PhS 03 ) 2 Ba • H|0 
forms scales with a mother of pearl lustre, and dissolves with difficulty in alcohol. 
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Benzene^sulphonyl fluoride, b.p; (14 mm.) 90-91®^ is obtained from benzene and 
fluoro-suiphonic acid, F ‘SOaH, or by the action of inoi’ganic fluorides on benzene- 
sulphonyl chloride (Steinkopf, J, pr. 117, 15). Benzene-sulphonyl chloride, 
PhSOaCl, m.p. 15.5-16®, b.p. (15 mm.) 119®, d 23 1.378 (Org. Synth. I, 79) is 
slowly converted into the acid by boiling water. Methyl ester, b.p. (20 mm.) 
154® (Wegscheider, Mo. 23, 1093). Ethyl ester, b.p. (15 mm.) obtained from 
the chloride by the action of alcohol, breaks down when heated with alcohol at 
150®, into benzoic acid and ether (Vol. I, p. 155). The alkyl esters of benzene- 
Rulphonic acids are used for replading H atoms by alkyl groups, e.^., in acetylene 
{TriLchetf Ann. Cbim. [10], 16, 309). Benzene-sulphonamide, PhS02NH2, 
m.p. 150®, gives an artificial resin with formaldehyde, as do also other aryl sul- 
phonamides (Br. Pat. 342,614). Benzene-sulphanilide, PhS02NHPh, m.p. 
110 ®. The benzene-sulphonamides of primary bases are usually soluble in alkalis, 
a fact which provides a method for distinguishing between primary and secondary 
bases {Duden, Ber. 33, 477; Hinsherg, Ber. 38, 906). The sulphonamides are 
decomposed into their constituents by cone, sulphuric acid (Schroeter, Ann. 367, 
157). Dibenzene-sulphimide, (PhS02)2NH is obtained from the action of ben¬ 
zene-sulphonyl chloride on sodio-benzene-sulphonamide (Ger. Pat. 125,390). 
Benzene-sulpho-dichloro-amide, PhS02NCl2, m.p. 76®, is obtained by the action 
of NaOCl on benzene-sulphonamide, HCl and HI re-form the sulphonamide, 
chlorine and |odine, respectively, being evolved. Cold caustic alkalis give salts of 
benzenesulpho-monochloro-amide, in which the alkali metal appears to be at¬ 
tached to oxygen, e.g,, PhSO(OK):NCl (Cfiaiiaway, J. 87j 145). Benzene- 
sulphonitramide, PhS 02 NHN 02 , obtained by the action of a mixture of nitric and 
sulphuric acids on benzene-sulphonamide, decomposes at 100® giving benzene- 
sulphonic acid and nitrous oxide. Its potassium salt, PhS02NK -NOa, m.p. 275®, 
is reduced by acetic acid and zinc du*st to benzene-siklphone hydrazide, PhS 02 N- 
HNH 2 . m.p. 105® (decomp.), which can also be obtained from benzene-sulphonyl 
chloriae and hydrazine hydrate. Benzene-sulphone phenylhydrazide, see phenyl- 
benzene sulphazide p. 155. 

Dibenzene-sulphone-bydrazine, (PhS02NH)2, m.p, 228®. Benzene-sulphone 
azide, PhSOsNs, is an oil which detonates on heating. Unlike carboxylic azides it 
is unattacked by hot water or alcohol. It condenses with malonic ester to 1- 
benzene-sulphonic-4-carboxylic-estcr-5-hydroxytriazole or its keto form {Curtius^ 
J. pr. 58, 160; 106, 66 ). Dibenzene-sulphone-hydroitylamine, (PhS02)2N0H, 
is obtained from benzene-sulphonamide and nitrous acid, or from benzene-sul- 
^inic acid (p. 180) and sodium nitrite. Benzene-sulphono-diazobenzene-amide, 
rhS02NH • N:NPh, m.p. 101®, is obtained by the action of phenyl-diazonium 
chloride on benzene-sulphonamide {Hinsherg, Ber. 27, 598). Benzene-sulph- 
hydroxamic acid, Piloty^sadd, PhS02-NHOH, m.p. 126®, obtained by the action 
of hydroxylamine on Vienzene-sulphonyl chloride, is decomposed by alkali, into 
benzene-sulphinic acid and hyponitrous acid {Piloly^ Ber. 29, 1559; Divers, Ber. 
29, 2324): 

2PhS02NII0H -b 4KOH - 2PhS02K -f (NOK)2 + 4 H 2 O. 

Benzene sulph-hydroxamic acid reacts with aldehydes giving benzene sulphinic 
acid and carboxyl-hydroxamic acid {Rimini, Lincei [5]. 10, I, 356). Benzene- 
sulphone isocyanate, PhS02NCO, b.p. (9 ram.) 130®, obtained by the action of 
silver cyanate on benzene-sulphonyl chloride, is an oil with a faint smell, and 
possessing all the properties and reactions of an isocyanate (Billeter, Ber. 37, 
690). 

TOLUENE SULPHONIC ACIDS. When toluene is sulphonated the main 
products are the o- and p-acids. o-Toluene sulphonic acid free from the p-isomer 
can be obtained by sulphonating p-nitrotoluene, and eliminating the nitro-group, 
p-tolyl-hydrazine-o-sulphonic acid being an intermediate {Holleman, Rec. 24, 
194). The m-sulphonic acid is obtained from p-toluidine-w-sulphonic acid, o- 
Toluene-sulphonyl fluoride, b.p. 223-225®, p-toluene-sulphonyl fluoride, m.p. 
41-42®. o-Toluene-suiphonyl chloride, b.p. (32 mm.) 151® (Davies, J. 119, 
863, 876) may also be prepared by the action of chlorine on o-toluene sulphinic 
acid (Ger. Pat, 124,407; Ullmann, Ber. 38, 730). Both the 0 - and p-acids are 
obtained by the action of chlorosulphonic acid on toluene (Harding, J. 119. 1261). 
Toluene sulphonamide, m.p. 161®. // 2 -Toluene sulphonic acid, CHs[l]C;6H4[3}- 
SO«H«HtO, forms a liquid chloride and an amide, m.p. 108®. p-Toluene aul- 
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phonic acid, CH,[1IC6H4(4JS08H-4H,0, m.p. 35® (anhyd.), b.p. r'O'' mm.) 
147® (Kraft, Ber. 33, 3209), chloride, m.p. 69®, b.p. (15 mm.) 145®, bromide, 
m.p. 93®, iodide, m.p. 84®, amide, m.p, 137®, anilide, m.p. 103® (for kinetics of 
formation, see Eoel, Ber. 60, 2079), methyl ester, m.p. 28®, ethyl ester, mj). 33® 
(Ullmann, Ann. 327, 121). Two substances, Ar-SOaNCU and Ar*S02N(Cl)Na, 
ai*e obtained by chlorination of p-toluene sulphonamide. Both readily liberate 
chlorine or hypochlorous acid, and are used in sur^erj'’ as substitutes for sodium 
hypochlorite under the names chloramine, chloramine T, chlorazone, or mianine, 
Ditoluene-sulph'hydroxamic acid, (C7H7S02)2N0H, m.p. 148® (decomp.), ob¬ 
tained by the action of sodium nitrite on toluene sulphiiuc acid, gives tritoluene- 
sulphone amide, (C7H7S02)8N, m.p. 190®, with another molecule of sulphinic 
acid (Meyer, J. pr. 54, 95). For further derivatives of p-tolucne sulphonic acid 
see Reverdin, Ber. 34, 2996. 

XYLENE SULPHONIC ACIDS. l,2.Xylene-4-sulphonic acid, m.p. 54-55® 
(Anschutz, Ber. 52, 1860); chloride, m.p. 51®, amide, m.p. 144?. l,3-Xylene-4- 
Sttlphonic acid, m.p. 63®, fluoride, b.p. 246® (Davis, J. 1931, 2104), chloride, 
m.p. 34®, amide, m.p. 137®. 1,3-Xylene-2-sulphonic acid, amide, m.p. 39®. 

I, 4-Xylene-2-stilphonic acid, m.p. 86®, b.p. (“0*^ mm.) 149®, chloride, m.p. 25®, 
amide, m.p. 147®. These acids are form^ when xylenes are sulphonated. 

1.2.4- pscudo-Cumene-5-sulphonic acid, Me3CeH2S08H*21120, m.p. Ill® 
chloride, m.p. 61®, amide, m.p. 181®. Mesitylene sulphonic acid, C»HiiSOjH* 
2 H 2 O, m.p. 77®, chloride, m.p. 58°, amide, m.p. 143®. Cymene sulphonic acids 
barium salts, p-cymene-2-sulphonamide, m.p. 114-115® (Le Fhvre, J. 1934, 
1501). 

POLYSULPHONIC ACIDS. Benzene disulphonic acids, CeH4(S08H),. 
When benzene is heated with fuming sulphuric acid to 200®, //?- and p-bcnzene 
disulphonic acids are formed, the former predominating; on continued heating, 
however, the meta acid is converted into para. The mutual change of the two 
isomers can be effected by heating with H2SO4 and certain metals, particularly 
silver (Mohrmann, Ann. 410, 373). The m-disulphonic acid has been obtained 
from disulphanilic acid by means of the diazo-compound. o-Benzeiie disulphonic 
acid has b^n prepared by further sulphonating m-aminobenzene sulphonic acid, 
and then replacing the amino-group by H. It has also been obtained from 0- 
sulphanilic acid (p. 178) by diazotising, coupling with potassium xanthogenate, 
heating the resulting diazonium xanthogenate, and oxidising the xanthogenic 
ester obtained with nitric acid (Hollernann, Rec. 29, 416; 40, 446). The m.p. 
of the chlorides and amides are given below: 

ortho- meta- para- 

CeH4(SO,Cl),.142®.63®.141® 

C«H4(S02- NH 2 ),.252®.229®.288® 

When distilled with potassium cyanide or potassium ferrocyanide, the disul¬ 
phonic acids form the corresponding dicyanides C 6 H 4 (GN) 2 , which are the nitriles 
of the three phthalic acids. When fused with KOH both the meta- and the 
para-acid give resorcinol or w-dihydroxybenzene (p. 222); at lower temperatures 
both give m-phenol sulphonic acid, C«H 4 ( 0 H)S 02 H, as the first product. 

1.3.5- Benzene trisulphonic acid, C 6 H 4 (S 03 H) 8 * 3 H 20 , is easily prepared by 
heating potassium m-benzene disulphonate with sulphuric acid. Chloride, m.p 
184®, amide, m.p. 310-315®. When fused with potash the acid gives phloroglu" 
cinol (1,3,5-trihydrosy-benzene, p. 230), and when fused with KCN it gives a 
trinitrile which yields trimesic aind, C«H«(C 02 H)s on hydrolysis. 

All six possible toluene disulphonic acids and a number of xylene disulphonic 
acids are known. Mesitylene disulphonic acid, -)-4H20, m.p. 85® (not sharp); 
dichloride, m.p. 124® (Limpricht, Ber. 9,650; Klason, Ber. 20,350; Pfannenstill, 

J. pr. 46, 162; Wynne, Proc. 1895, 152; Backer^ Rec. 54, 644). 

Benzene selenonicacid, PhSe020H, hygrosc<mic needles, m.p. 142®, is prepared 
by heating benzene with selenic acid at 100-110 , or by oxidising phenyl diselenide 
(p. 217) with chlorine water. When heated to 180® it decomposes explosively with 
formation of phenyl selenide and diselenide, oxygen being evolved. When re¬ 
duced with hydrogen subhide or sulphur dioxide it is converted into selenophenol. 
It is reduced by cone. BECl to benzene seleninic acid (p. 181) even in the cold, 
chlorine being set free (^Doughty, Am. Chem. J. 41, 326}. 
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o-Xjlene-4-8elenic acid, m.p. 108-110**; m-xylene-4>8elemc acid, m.p. 130- 
130.6^; p“3qrlene-2-selenic acid, m.p. 95-96®, are obtained from the ^lenes 
with selenic acid dissolved in acetic anhydride (Amchiitz, Ber. 52, 1860). m* 
Nitrophenyl-selenic acid, m.p. 146® (Pyman, J. 115, 166). 

CHLORO-, BROMO-, IODO-, IODOSO-, NITROSO-, AND 
AMINOBENZENE SULPHONIC ACIDS. The chloro-, bromo-, 
and iodobenzene sulphonic acids are prepared from th<3 three amino- 
benzene sulphonic acids by the diazo-reaction {Langmeier^ Ber. 289 
90). When chloro- and bromobenzenes are sulphonated, the p- 
compounds are chiefly formed. By nitrating benzene sulphonic acid 
or siilphonating nitrobenzene, the three isomeric nitrobenzene sul¬ 
phonic acids are formed, the w-compound predominating (Limprichtf 
Ann. 177, 60). o- and p-Nitrobenzene sulphonic acids are better 
obtained by the oxidation with fuming nitric acid of the correspond¬ 
ing nitrobenzene disulphides (N 02 C 6 H 4 S) 2 , obtained from the nitro- 
chlorobenzeries {Ekbom, Ber. 35, 651; Wohlfahrt, J. pr. 66 , 551). 
They are separated by means of their magnesium or ferric salts 
{Fierz, Helv, 12 , 663). 

The following table gives the melting points of the chlorides and amides of the 
acids: 


Compound 

ortho- 

meta- 

1 para- 

1 Chloride 

Amide 

~ 188~ 
186® 
170® 
191® 

Chloride 

Amide 

CJhloride 

Amide 

Chlorosulphonic 

Bromosulphonic 

lodosulphouic 

Nitrosuiphonic 

28® 

51® 

51® 

69® 

Oil 

Oil 

23® 

64® 

148® 

154® 

152® 

166® 

53® 

75® 

87® 

80® 

143' 

166' 

183' 

178' 


lodosohenzene salpfwnlc and is obtained by the action of NaOH on o-iodo 
chloride of benzene sulphonyl chloride, Cl2ll2]C«H4[ I JSOaCl, m.p. 60® {Lang¬ 
muir, Ber. 28, 95). 

m-Nitrosobenzene sulphonic acid {Limpricht, Ber. 25, 75). 

p-Nitrotoluene-o-sulphonic acid TBO, m.p. 130° (anhvdrous) is obtained from 
p-cymene by sulphonation and sub'^cquent nitration (Ger. Pat. 327,051). 6- 

Chloro-5-nitro-m-toluene sulphonic acid, m.p. 47-50® (?) is used as a reagent for 
detecting potassium, because of the fact that its potassium salt is sparingly soluble 
(sensitiveness 1:2500) {Davies, J. 123, 2976). The nitro-group in chl oro-nitro- 
benzene sulphonic acid can bo replaced by chlorine by the action of thionyl chlo¬ 
ride {Meyer, Mo. 36, 723). ^ 

AMINOBENZENE SULPHONIC ACIDS. ( 1 ) When aniline is 
sulphonated by fuming sulphuric acid ( 8 - 10 % SO 3 ) at 180®, the p- 
compound is the chief product. It is known as sulphanilic acid, and 
is very important as an intermediate in the dyestuff industry. It 
was discovered by (Jerhardt in 1845. The second sulphonic acid 
group enters in the o-position, with formation of l-amZtne-2,4-di- 
sulphonic acid. The third sulphonic acid group enters in the op¬ 
position. 

Aminobenzene sulphonic acids can also be obtained (£) by reduc¬ 
tion of the nitrobenzene sulphonic acids; (S) by heating chloroben¬ 
zene sulphonic acids with ammonia in the presence of copper salts 
(Ger. Pat. 205,150); ( 4 ) the sodium salts of the phenyl sulphaminic 
acids (p. 86 ) rearrange when heated to 170-180® into the salts of 
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aminobenzene sulphonic acids {SeyewitZj Bull. 1,320). Like glycocoll 
and taurine (Vol. I, pp. 376, 440) the aminobenzene sulphonic acids 

✓SOa*" 

are to be regarded as inner ammonium salts: C 6 H 4 <C 

\NH3 + 

For the so-called ^‘baking*^ process (heating the acid sulphate of the amine to a 
high temperature), which takes a somewhat dilTerent course from the first reaction 
mentioned above, see Huber Helv. 15^ 1372. 

All three aminobenzene sulphonic acids are very difficultly soluble in cold water, 
and are insoluble in alcohol and ether. The ortho-acidj known as *^orthanilic 
acid,” crystallises either anhydrous in rhombohedra, or with V 2 H 2 O in four-wsided 
prisms, which do not effloresce. It is best obtained from o-nitrobenzene sulphonic 
acid or from p-bromoaniline-o-sulphonic acid by reduction {Scott, Cohen, J. 121, 
2034). The meta-acid, also known as *^metanilic acid,” which is important in the 
manufacture of dyes, c^stallises in slender needles, or with 1 ^/ 2 H 20 , in effloresc¬ 
ing prisms. o-Sulphanilic acid crystallises with 2 II 2 O in rhombic tablets, which 
effloresce in air, and dissolve in 112 parts of water at 15° {Laar, Ber. 14, 1933). 
When oxidised with manganese dioxide and sulphonic acid or with chromic acid, 
quinone is formed. When fused with KOH it gives aniline and not arainophenol. 
In contrast to its isomers, it is readily converted into tribromoaniline by bromine 
water {Breuzinger, Bcr, 29, R 309). 

Sulphanilamide, prontosil album, has recently been introduced into medicine 
as a specific for puerperal fever, and other streptococcal infections. 

The sodium salts of the aminobenzene sulphonic acids, but not the free acids 
themselves, are converted into acetyl derivatives by the action of acetic anhydride 
(Nietzki, Ber. 17, 708: Schroeter, Ber. 39, 1561). This fact agrees with the am¬ 
monium salt formula for the free acids (sec above). 

By the action of nitric acid, the sulphonic acid group of the 0 - and p-aeids is 
replaced by the nitro-group, and nitranilines are formcid {Zincke, Ann. 339, 202). 
The halogen group can be introduced in a similar way {Sudhorough, J. Ill, 41). 
For the introduction of nitroso-groups into the nucleus of N-alky lamino-benzene 
sulphonic acids, see Houben, Ber. 53, 2346. p-Phenylene-diamino-monosul- 
phonic acid, C 6 lIi(S 08 H)(NH 2 ) 2 , is obtained by heating p-dichlorobenzene sul¬ 
phonic acid with ammonia in the presence of copper bronze (^Ger. Pats. 202,564/5). 
Toluylene-diamino-sulphonic acids^ see Bnecket, C. 1904,1. 1410. Trisulphanilic 
acid, l-amino-2,4,6-trisulphonic acid -f- 4 H 2 O, is obtained by the action of H2SO4 
-f P2O5 on sulphanilic acid at 180° {Oliver, Ilec. 39, 194). 

PHENYL-DIAZONIUM SULPHONIC ACID BETAINES. By the action of 
nitrous acid on the three aminobenzene sulphonic acids their ammonium cation is 
converted into the diazoiiiiim cation: 


ySOr 

CJl4< 4- HNO2 




CeH 



+ 2H,0. 


Like all diazonium salts these diazonium betaines form the corresponding 
diazotates and the alkali salt of the anion when treated with two equivalents of 
alkali. Since the anion of the diazonium salt is linked to the benzene nucleus by 
an atomic linkage, these diazotates contain two alkali metal ions to each benzene 
nucleus: 


/SOr r ySOr 1K+ 

CellK 4-2KOH -^ CeHZ 4* HjO. 

\n2+ L ^n=no~Jk+ 

These di-potassium and di-sodium salts of the 0 - and p-diazobenzene sulphonic 
acids each exists in two forms, one of which belongs to the n- and the other to the 
iso-series (p. 118). The iso-»8alts may be obtained from the normal salts by heat¬ 
ing. They less readily give off nitrogen and couple only with difficulty or not at 
all (Hantzach, Ber. 29, 1059; Bamberger, Ber. 29, 1388). Primaiy potassium 
hydrogen iao-diazosul^onate, C 8 H 4 (SOaK)N 20 H 4- H 2 O is obtained by the 
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action of acetic acid on the di>pota.ssium salt. While the formation of internal 
anhydrides with ring closure is practically confined to ortho di-derivatives of 
benzene, the formation of internal ammonium salts, such as the diazonium-sul- 
phobetaines, N-trialkyl benzene betaines (p. 329) and -cinnamic betaines, are 
formed with equal readiness from meta- and para-compounds. This sliows that 
there is no ring-closure in the formation of betaines. According to modern theory 
the line between the ''onium’* cation and the anion is not covalent, butelectro- 
valen^ the attraction being electrostatic. The betaines are thus ‘‘zwitter'^ ions 
(Pfeiffer, Ber. 55, 1762). The diazoiiium betaines of the aniline sulphonic acids 
show the reactions of diazonium salts, p -Diazohenzene sulphonic acid forms white 
needles, difficultly soluble in water. Although fairly stable as diazonium com¬ 
pounds go, it is likely to explode spontaneously (Wichelhaus, Ber. 34, 11). When 
heated with alcohol it gives benzene sulphonic acid; with water it gives p-phenol 
sulphonic acid; and with potassium sulphide, the di-potassium salt of p-thio- 
phenol sulphonic acid. For the action of bleaching powder on diazobenzene sul- 

phonic acid, sea Zinche, Ann. 330,1. The diazonium compound, C 6 ll 4 ^^ ^ , 

which explodes mildly on heating, has an intensely sweet taste (cf. saccharin, p. 
333). The replacement of the CO group of saccharin by N 2 does not affect the 
taste (Fierz, Helv. 12, 663). 


AMINOAZ 9 BENZENE SULPHONIC ACIDS. The diazonium betaines of 
sulphanilic acid and metanilic acid may be used for the preparation of sulpho- 
nated azo-dyes. The first group of this large class of dyes has already been dealt 
with (p. 138). It comprises the aminoazo-compounds w^hich are difficultly soluble 
or insoluble in water. If sulphonic acid groups are introduced into aminoazo- 
compounds, the solubility increases with tlie number of such groups. The alkali 
salts of the aminoazobenzene sulphonic acids are dyes soluble in water. Other 
groups of azo-dyes will be met with under phenols (hydroxyazo-compounds), 
The naphthalene azo-compounds and the benzidine dyes which contain a diphenyl 
radical, are particularly important. 

The azo-dyes are usually given arbitrary names with the letters Y (yellow), 
O (orange), and R (red) attached. The number of letters attached indicates 
roughly the intensity of the colour. Wool and silk are dyed directly, but cotton 
must, as a rule, be mordanted (p. 138). 

Preparation, —/. By sulphonation of aminoazo-compounds. 2. By combin¬ 
ing the diazonium betaines of sulphonic acids with bases. 

When aminoazobenzene is sulphonated, a mixture of aminoazobenzene mono- 
arid di-sulphonic acids is formed, which is known commercial! v as “acid yellow*’ 
or “fast yellow.” Their formulae are S 03 Hf 4 ]C 6 H 4 [lIN:N[l']C gH 4 [ 4 ' 1 NH, 
and S 08 H[ 4 ]C 6 H 4 [ 1 ]N:N[ 1 ']C 6 H,[ 4 ' 1 NH 2 ( 3 ']S 03 H (Eyer, Ber. 22 , 847). 
Since they are amino-compounds the sulphonic acids themselves are again capable 
of diazotisation and coupling. By this method some valuable 6 rs-azo-dyes, such 
as Biehrich scarlet, are obtained. For aminoazobenzene trisulphonic acid, see 
Jungkahn, Ber. 33, 1366, 

The following azo-dyes are obtained by coupling diazotised sulphanilic acid 
with dimethylaniline, or diphenylamine, and diazotised metanilic #icid with di- 
phenylamine: 

4 '-Dimethylaminoazobenzene-4-sulphonic acid, SO3H [4] 06114 [ 1 ] N: N [ 1 ] CU 
H 4 [ 4 ']NMe 2 or ~0 S 02 C«H 4 *NH N:C.H 4 :N^Me 2 (see p. 178), m.p. 116®, 
golden-yellow leaflets (Griess, Ber. 10, 528; Hantzsch, Ber. 41. 1187). Its sodium 
salt is the dye tropaeolin 0, orange III, or helianthin. This aye is used as an in¬ 
dicator in alkalimetry; mineral acids change the yellow alkaline solution into the 
pink acid colour, but carbon dioxide, hydrogen sulphide, and acetic acid do not 
affect it in the cold (Lunge, Ber. 18, 3290). Helianthin is decomposed by reduc¬ 
tion into sulphanilic acid and p-aminodimethylaniline (p. 107). With fuming 
nitric acid it is broken down into phenyldiazonium sulphonic acid betaine and 
2,4-dinitrodimethylahiline (Schmidt, Ber. 38, 3206; Fox, Ber. 41, 1989). For its 
decomposition by chlorine, bromine, and hypochlorous acid, see Schmidt, J. pr. 
85, 235). 

4'-Phenylaminoazobenzene-4-8ul^honic acid. SOsH[4]C€H4[ljN:N[l]CeH 4 * 
[4']NHPh. The sodium salt of this compound dyes wool and silk a beautiful 
orange colour, and is used under the name of tropaeolin O, orange IV, or diphenyl* 
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amine orange. For its use as an indicator, see Wieland^ Ber. 16, 1989. When 
reduced it breaks down into sulphanilic acid and p-amincxliphenylainine. 

4'-Phenylaminoazobenzene-3-sulphonic acid is obtained from mctanilic acid 
and is used under the name of metaniline yellow, 

PHENYLHYDRAZINO-SULPHONIC ACIDS arc formed by the reduction 
of the diazides of aniline-sulphonic acids with sodium sulphite or stannous chloride 
(Ber. 22 , R 216) and by the direct action of concentrated sulphuric acid on phenyl 
hydrazines (Gallinek, Ber. 18, 3172). Phenylhydrazino-p'Sulphonic acid, 
CeH 4 (NsHj)S 03 H, forms crystals which are sparingly soluble in water, and is 
used in the preparation of tartrazine (Vol. I, p. 663). It has the structure: 


N—NHC*H4SO,Na 
C02NaC~-l>-C0 


N-NCeH4SO,Na 


(see Vol. I, p. 663; Vol. IV). 

Hydrazobenzene-m-^sulphonic acid, SOJI [3] CJIif 1 ] Nil —NH [ 1 ] C 6 ll 4[3 '] - 
SO*H, has been obtained by the reduction of w-nitrobenzene sulphonic acid. 
Hydrochloric acid converts it into benzidine disulphonic acid (Bor. 21 , R 323; 
23, 1053). 

SULPHINIC ACIDS. Methods of formation, — 1, By the action of zinc dust 
on the ether solutions of the sulphonyl chlorides. By the action of hot aque¬ 
ous solutions of alkaline sulphides on sulphonyl chlorides: 

PhSOaCl + 2 Na,S « Ph-SOjNa + NaCl -f Na^Sj. 

S. By the action of copper powder on a solution of a diazoniuni salt 
saturated with sulphur dioxide (p. 124 and Gatterrnann, Ber. 32,1136; 
Ger. Pat. 130,119): 

PhNj-S 04 H + SO* + Cu * Ph-SOJI + N* + CuS 04 . 

4 . By the action of sulphur dioxide on benzene in the presence of 
aluniinium chloride. The compound (^ 1 S 02 A 1 C 13 is apparently pro- 
duced as an intermediate product. The reaction proceeds very 
smoothly {Gvimanriy Ber. 41, 3315). If phenol ethers are used in this 
reaction sulphoxides (p. 182) and sulphonium bases are chiefly 
formed, together with sulphinic acids (Smiles, J. 93, 745). 


S, By the action of sulphur dioxide or thionyl chloride on phenyl-magnesium 
bromide {Rosenheim, Ber. 37, 2153; Oddo^ Lincei 14, I, 169). 6. By the ac¬ 
tion of sodium on sulphonos {Krafft, Ber. 26, 2813). 7. By the action of potas¬ 
sium cyanide or sodium arsenite on the benzene thiosulphonates (llinsherg^ Ber, 
41, 3351). 8^ By the deccimposition of benzene sulph-hydroxamic acids (p. 175). 

Reactions ,—^The sulphinic acids are not vepr stable, and decompose when 
warmed with water into sulphonic acids and disulphoxides (p. 182). They are 
oxidised in the air, and by oxidising agents, particularly barium peroxide or 
potassium permanganate, to sulphonic acids. By reduction with zinc dust and 
sulphuric acid they are converted into thiophenols (p. 213). Their salts combine 
with sulphur to give thiosulphonates. When fused with alkali they decompose 
into benzene hydrocarbons and alkali sulphites. With hydrogen bromide they 
give aryl sulphobromides, or if these are unstable under the conditions of forma¬ 
tion, aryl disulphides (p. 216) (Fries, Ber. 47,1195). With thionyl chloride they 
give sulphinic chlorides (Hildiich, Ber. 41, 4114), and with acetic anhydride sul¬ 
phinic anhydrides (Knoevenagel, Ber. 41, 3323). They combine with aldehydes to 
give unstable hydroxystdphmes, CH 5 »CH( 0 H)S 02 Ph. Like SO* they add on to 
a,j 8 -unsaturated aldehydes, ketones, and carVjoxylic acids, forming sulphones, 
such as PhCH(S02Ph)CH,C00H (Kohler, Am. Cbom. J. 31, 163). Benzene 
sulphinic acid combines with quinone to give as-p-dihydroxydiphenyl-sulphone, 
(HO)t[2,5]C6Hs[l]SO*Ph (Hinsberg, Ber. 27, 3259), and with a number of other 



SULPHINIC ACIDS 


181 


substancos containing quinoid linkages (cf. Hinaberg, Ber. 29, 2019). It also re¬ 
acts with 0 - and p-dihydroxybenzenes (p. 218) with the formation of dihydroxy- 
diphenyl-sulphones. Phenol gives hydroxydiphenyl sulphide, HOCeHiSPh, 
among other products, and similarly aniline hydrochloride gives aminodiphenyl 
sulphide. HaNCeH 4 SPh (Hinsberg, Ber. 36, 107). 

The alkali sulphinates form mixed sulphones with alkyl iodides (p. 183), and 
true sulphinic esters with chlorocarbooic esters (Otto^ Ber. 26, 308, 430): 

PhSOaNa + ClCOaEt - PhSOO Ph + NaCl + CO,. 


In acid solution the sulphinic acids give difficultly soluble ferric salts with ferric 
chloride; those can be used for isolating the sulphinic acids from a reaction mix¬ 
ture (Thomas, J. 9S, 342). 

Benzene stuphinic acid, PhSOOH, m.p. 83®; zinc salt^ (PhSOi)jZn«2HjO; 
ethyl ester dao 1.141, decomp, on heating. Benzene sulphinic anhydride, (Ph- 
SO) 30 , m.p. 67®, breaks down after a short time with formation of benzene-sul- 
phonic acid and phenyl-benzcnethiosulphonate, PhSOaSPh. Benzene sulphinyl 
chloride, PhSOCI, colourless tablets, m.p. 38®, fumes in air and is rapidly de¬ 
composed by water, benzene sulphinic acid being formed. On warming, or treat¬ 
ment with concentrated sulphuric acid, the ^loride, and also the free acid, 
undergo an intramolecular condensation to diphenylene-disulphoxide, 
ySOv 


CeH, 


JeHi, and other polymerisation products (Hilditch, J. 97, 2579). 


Benzene sulphinic anilide, m^. 115®, is obtained from thioaniline (p. 86) and 
phenyl magnesium bromide (Gilman, Am. 48^ 2399). 

o-Nitrobenzene sulphinic acid, m.p. 134®, is obtained from o-nitrobenzene sul¬ 
phonyl chloride by reduction with stannous chloride and HCl (Claasz, Ann. 380, 
303), 

o- and p-TOLUENE SULPHINIC ACIDS, CeH 4 (CH,)SOOH. m.p. 80® and 
85® (c/. Troeger, J. pr. 54, 517; Haelssig^ J. pr. 56, 213). Furtner homologues, 
Gattermann, Ber. 32, 1140. Optically active ethyl esters of these acids have been 
prepared by Phillips, J. 127.2552; Clarke, J. 1927,180. In these compounds the 
sulphur atom is the centre ot asymmetry. The stereoisomerism of these esters and 
the sulphoxides indicates a non-polar arrangement of the ^oups attached to 




sulphur. According to the classical formulation 
O O 


R— 


H. R~C 


R—I—R, R—(Sj—^R sulphinic and carboxylic acids are analogous to sulphoxides 

—A— o —A— 

and ketones. The octet formulation R— i — A —^H, R— A—A— H, R-i—R, 


R—C—R makes clear the difference between the C- and S-corapounds. Di¬ 
methyl and dieUiylaniUne sulphinic acids, R 2 NCeH 4 SO*OH. are prc^uced by the 
action of thionyl chloride on dimethyl- and diethyl-aniline (Micfuielis, Ann. 3X0, 
137). Benzene disulphinic acid, C«H4(SOsH)s (Troeger, Ber. 35, 2168; Authen^ 
rieth, Ber. 36, 189). 

Benzene seleninic acid, PhSeOOH, m.p. 124-125®, is prepared by oxidising 
diphenyl diselenide (p. 217) with nitric acid, or by treating benzene selenonic 
acid with HCl (p. 176). When heated to 130® it gives the anhydride, (PhSeO)iO, 
m.p. 164° (Doughty, Am. Ch. J. 41,326; Pyman, J. 115,166). m-Nitrobenzene 
seleninic acid, m.p^. 156-157®. 

BENZENE SULPHENIC ACIDS. These are compounds of the type Ar • S * OH. 
They are prepared from the sulpho-chlorides. Ar*SCl, the sulphenic chlorides 
(obtained by chlorinating mercaptans, p. 213), or phenyl disulphides (p. 215). 
The free acids do not exist; only derivatives such as chlorides, ArSCl, anhydrides, 
(ArS)sO, alkyl esters, ArS*OAlk, and amides, ArS-NHs, being known (Zincke, 
Ann. 391,56). 
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Phenyl sulphochloride, PhSCI, b.p. (3 mm.) 68-60®, is a red liquid with the 
appearance ot sulphur chloride. It is obtained by the action of chlorine on thio- 
phenol (Lecher. Ber. 57, 765). Methyl benzene sulphenate, PhSOCHj, b.p. 
(4 mm.) 88-89*, is obtained from phenyl sulphochloride and sodium methylate. 
Benzene sulphenic dimethyl amide, PhSN(CH3)2, b.p. (3 mm.), 64®, is ob¬ 
tained from the chloride by the action of dimethylamine. Benzene sulphenic 
aniUde, PliSNHPh m.p. 63-55®; -imide, (Ph-S)2NH, m.p. 127-128® (decomp.). 
The hydrazine, (PhS)2N*N(SPh)2 can be obtained from the imide, and this, on 
oxidation, gives the free radical (PhS)2N— (Lecher, Ber. 57, 765; 58, 423). 

o-Nitrophenyl sulphochloride, golden yellow needles, m.p. 75®; bromide, m.p. 
85® (Zincke, Ann. 391, 55). p-Nitrophenyl sulphochloride, yellow flakes, m.p. 
52®. Methyl p-nitrophenyl-sulphenate, m.p. 49^ (Zincke, Ann. 400,1). p-Tolyl 
sulphochloride, b.p. (25 mm.) 78® (Zindke, Ann. 400, 1; Lecher, Ber. 58, 412), 

Phenyl selenobromide, PhSeBr, m.p. 62®, is obtained by brominating phenyl 
selenocyanide, b.p. (17 mm.) 127®, itself prepared by the action of potassium 
selenocyanate on diazotised aniline (Behagel, Ber. 65. 816). 

Benzene thiosulphonic acid. The salts of this acid are obtained by the action 
of alkali sulphides on benzene sulphonyl chloride, or by the action of’sulphur on 
the benzene sulphinatcs (Otto, Ber, 25, 1477). The thiosulphonic acids combine 
with organic bases to give salts which usually crystallise well (Troeger, J. pr. 60, 
113). 

DISULPHOXIDES OR THIOSULPHONIC ESTERS. Alkyl and alkylene 
esters of benzene thiosulphonic acid are obtained from its potassium salt by the 
action of the corresponding bromides. Phenyl thiosulphone acetoacetic ester, 
PhS02S *011(000118)00002115, na.p. 56®, is obtained from chloroacetic ester and 
potassium benzene thiosulphonate (RcuiUe, Rec. 18, 378). 

The phenyl esters of thiosulphonic acids are obtained (i) by the oxidation of 
thiophenols with nitric acid; (^) by the oxidation of disulphides (p. 215) with 
hydrogen peroxide (Hinsberg, Ber. 41, 2838); (3) by heating sulphinic acids with 
water at 130®. Benzene disulphoxide, PhSO*SOPh, or Ph*S02SPh, m.p. 46®, is 
insoluble in water, but dissolves readily in alcohol and ether (Otto, Ber. 20, 
2090). 

Sidphobenzene sulphide, (PhS02)2S, m.p. 133®. Sulphobenzene disulphide, 
(PhS02)2S2, m.p. 76®. Sulphobenzene trisulphide, (PhS02)2S*, m.p. 103®. 
Polythio-compounds of this kind are obtained by the action of iodine or chlorine 
on benzene thiosulphonates and by the action of sulphur chlorides on the ben¬ 
zene sulphinates and benzene thiosulphonates (Otto, Ber. 24, 1141; 25, 1477; 
Troeger, J. pr. 60, 113). 

DISULPHONES, such as diphenyl disulphone, PhS02*S02Ph, m.p. 194®, 
phenyl-p-tolyl distdphone, PhS02*802081140113, m.p. 166®, and di-p-tolyl disul¬ 
phone, CH3C6H4S02*S0208H4CH3, m.p. 221® (decomp.), are formed by the 
action of sulphinates on sulphochlorides, and in small yield and together with 
sulphonic acids by the oxidation of benzene sulphinic acids with potassium per¬ 
manganate (Hilditch, J. 93, 1524). On heating with alkalis they decompose into 
a mixture of sulphinates and sulphonates. 

SULPHOXIDES. Mixed aromatic-aliphatic sulphoxides are formed when 
aryl-alkyl sulphides are oxidised with hydrogen peroxide (p. 216) (Hinsberg, 
Ber. 41, 2836; Gazdar, J. 93, 1833) or when their dibromo-addition products are 
acted upon by water. 

Phenyl-sulphoxy-acetic acid, PhSOCH2COOII, m.p. 116‘', is decomposed by 
heating with mineral acids to thiophenol (p, 213) and glycollic acid. 

Diphenyl-sulphoxidej Ph2SO, m.p. 70®, is obtained (1) from benzene the 
action of sulphur dioxide or thioiiyl chloride and aluminium chloride (Colby, 
Ber. 20, 195; Loth, Ber. 27, 2547); (^) from diphenyl sulphide by oxidation with 
hydrogen peroxide (Hinsberg. Ber. 43, 289); (5) by the aiction of thionyl chloride 
or diethyl sulphite on phenyl magnesium bromide (Strecker, Ber. 43, 1136); (4) 
by the action of water on diphenyl-sulphide halides, Ph2SX2 (Fries, Ann. 381, 
337). It is oxidised to diphenyl sulphone by permanganate. Diphenyl^selen- 
oxide, Ph2SeO, is preparea by oxidising diphenyl selenide (p. 217) or from the 
dibromido of the latter (Krafft, Ber. 29.424). 

SULPHONES. The alkyl-aryl sulpiiones are isomeric with the alkyl-sulphinic 
esters, and can bo obtained by the action of alkyl halides on the sodium sulphi¬ 
nates. The true aroma|^ie sulphones are formed (1) together with sulphonic abids, 
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by the action of sulphur trioxide or chlorosulphontc acid on benzene hydrocar- 
bons: 

2 C 6 Hfi + SO 3 = PhsSOj + H 2 O. 

(2) together with hydrocarbons, in the distillation of sulphonic acids; (5) by the 
oxidation of sulphides; ( 4 ) by heating benzenes or benzene sulphonic acids with 
P 2 O 5 ; (S) by the action of zinc dust or aluminium chloride on a sulphonyl chloride 
mixed with a benzene hydrocarbon: 

CeHsv 

C,HsS 02C1 + CaHsCH, >SO, CaH* -f CH,[l]C,H4[41SO,CL 

CHa[l]C.H 4 [ 4 ]/ 

The same phenyl-p-tolyl-sulphone is obtained from benzene sulphonyl chloride 
and toluene as from p-toluenesulphonyl chloride and benzene, which proves that 
both groups are linked to sulphur (Ber. 11, 2181). 

(6) Nitro-derivatives of sulphones are readily formcxl from o- and p-chloro- 
nitrobenzenes by the action of sulphinates (Ullmann, Ber. 34, 1150). 

(7) Hydroxy- and amino-derivatives of sulphones are formed by the com¬ 
bination of sulphinic acids with quinone and quinone-imine derivatives, etc. (p. 
180). 

Phenyl-ethyl-sulphone, PhS02Et, m.p. 42®, b.p. above 300®; phenyl-sulphone- 
ethvl alcohol, PhS 02 CH 2 CH 20 H, is a syrup, obtained from ethylene chlornydrin 
and sodium benzene sulphinate. or from ethylene-diphenyl-dis^phone, PhS 02 *- 
CH2*CH2*S02Ph, m.p. 180®, by the action of cone. NaOH. On oxidation, 
phenylsul phone-ethyl-alcohol gives phenylsti^hone-acetic acid. PhS 02 CH 2 - 
COOH, mj). 112®, which is decomposed by KOH into CO 2 and pnenyl-methyl- 
sulphone, PhS02Me, m.p. 88®. Phenylsulphone-acetamide, PhS02CH2CONHa, 
m.p. 156®, is obtained from sodium benzene sulphinate and chloro-acetamide 
{Troeger, J. pr. 71, 201), Phenylsulphone-acetonitrile, PhS02CH2CN, m.p. 
114®. The hydrogen atoms of the CH 2 group in the esters and nitrile of phenyl- 
sulphone-acetic acid can be replaced by sodium, and this by alkyl groups {OttOf 
Ber, 22, 1447; Michael^ J. pr. 60, 96; Troeger^ J. pr, 72, 323). Phenyl-allyl- 
sulphone, PhS02 • C 3 H 5 , is an oil {Otto, Ann. 283,185). a-and /S-Phenylstilphone- 
propionic acids, m.p. 115® and 123® (Otto, Ber. 21,89), and numerous other mixed 
fatty-aromatic sulphones have been prepared (Troeger^ J. pr. 66. 130). 

Diphenyl-sulphone, Ph2S02, m.p. 128®, b.p. 276®, is formed in the distillation of 
benzene sulphonic acid, «Cnd on oxidation of diphenyl sulphide, Ph 2 S (p. 215) 
and diphenyl sulphoxide (see above); from benzene sulphochioride, PhS 02 Cl 
and mercury diphenyl; and from benzene by the action of aluminium chloride 
and benzene-sulphochloride or sulphuryl chloride (Tohl, Ber. 26, 2940). It is 
prepared by treating benzene with fuming sulphuric acid or sulphur trioxide. 
When heated with cone, sulphuric acid it is converted into benzene sulphonic 
acid, and when heated with phosphorus pcntachloride or in a current of chlorine 
it is converted into chlorobenzene and benzene sulphochioride. With sulphur it 
gives diphenyl sulphide, and with selenium, diphenyl selenide {Kraffl, Ber. 26, 
2813). With sodium it gives benzene sulphinate and diphenyl (Krafft^ Ber. 26. 
2813). o- and p-Nitro-diphenyl-sulphones, N02-C6H4 S02rh, m.p. 147® ana 
143®^ and 2,4,6-trinitrodiphenyl-sulphone, (N02)3C6H2S02Ph, m.p. 233®, are 
obtained from 0 - and p-nitrochlorobenzene and picryl chloride, respectively, and 
sodium benzene sulphinate. 

Diphenyl-selenone, Ph2Se02, m.p. 155®, b.p. 271°, is obtained by the oxidation 
of diphenyl-selenoxide with permanganate {Krafft, Ber. 29, 424). When heated 
it deflagrates, oxygen is evolved, and diphenyl selenide, a very stable substance, is 
formed (p. 217). 

For smphonium, selenonium, and telluronium bases, see p. 216. 

7. PHENOLS 

The phenols are derived from the aromatic hydrocarbons by the 
replacement of hydrogen atoms of the benzene nucleus by hydroxyl 
groups. Just as in the case of alcohols, mono-, di-, and poly-hydric 
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phenols are distinguished according to the number of hydroxyl groups 
introduced. All the six hydrogen atoms of benzene can be replaced 
by hydroxyl groups. 

The phenols correspond to the tertiary alcohols and to the enol 
forms of carbonyl compounds since they cannot be oxidised to 
ketones or acids with the same number of carbon atoms. They 
differ from the alcohols owing to the negative nature of the phenyl 
group, and this difference becomes more marked when negative groups 
are introduced into the benzene ring (see picric acid, p. 200; liaikov, 
C. 1903,1, 326; II, 717). On the other hand, the aromatic alcohols 
in which hydroxyl replaces the hydrogen of the alipliatic side-chain 
resemble the aliphatic alcohols much more closely. 

A number of phenols have been detected in plants, and some phenol siilphonic 
acids are found in the urine of mammals. In the animal organism some aromatic 
compounds are oxidised to phenols. Thus, benzene is oxidised to phenol, bromo- 
benzene to bromophenol, aniline to aminophenol, and phenol itself to hydro- 
quinone. Phenols have also been found among the products of putrefaction of 
proteins. 

Phenols are produced in the dry distillation of wood, especially 
beech-wood, and also in the distillation products of peat, lignite, 
and coal. For the phenols occurring in coal-tar, see the table on p. 
36 and Krvber^ Ber. 64, 2270. 

They are isolated from tar by shaking with caustic soda in which they dissolve, 
and precipitating again by acids, followed by distillation. 

Many phenols, including the monoalkyl ethers of dihydric phenols combine 
with anhydrous neutral salts (such as calcium halides, potassium salts of the lower 
fatty acids) to give compounds which cprstallise well, and which are decom¬ 
pose into their components by the addition of water (Weinland, Ber. 52, 147). 
Another method of isolating phenols from mixtures consists in combining them 
with acids such as boric, phosphorous, or arsenious acids, with which they give 
non-volatile esters. The volatile constituents of the mixture are removed by 
distillation, and the phenols recovered by alkaline hydrolysis of the residue (Br. 
Pat. 252,670). 


Monohydric Phenols 

In addition to the methods of formation mentioned above, the 
following may be used: (7) decomposition of diazonium compounds, 
particularly sulphates, by boiling with water or copper sulphate solu¬ 
tion (p. 124). {2) Fusion of sulphonic acids with NaOH, KOH, or 

alkaline earth hydroxides. 

CeHiSOjK -f KOH « CJI*OH + KjSO,. 

This reaction was discovered in 1867 by KekuU, Wiirtz, and Dusart, 
independently of each other. 

This method is used commercially for the manufacture of i>henols, and is car¬ 
ried out in iron vessels. In the laboratory the fusion is carried out in silver or 
nickel dishes, the melt being dissolved in waters and an excess of acid added. The 
phenol is then extracted with ether (Willson^ Ber. 47, 3160; Br. Pat. 218,034). 

When sulphonic acids or phenols containing halogen atoms in the nucleus are 
fused with alkali, the halogen is also replaced, with formation^of polyhydric phenols. 
Occasionally the sulphonic acid group slits off as sulphate, and is replaced by 
hydrpgen. In this way cresol sulphomc acid yields cresol. 
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(3) Halogen substituted hydrocarbons react with dilute solutions of alkalis 
to form phenols, but the reaction requires a high temperature (300-350®) and a 
pressure of 280 atmos. {Meyer, Ber. 47, 3155; U. S. Pat. 1,833,485). Certain 
catalysts, especially base metals, greatly accelerate the reaction ^r. Pat. 218,034). 
In some cases, and with special catalysts, such as iron free AlaOj Cu or Co, or 
porous material like pumice or chalk impregnated with CuClfjWater alone, with¬ 
out the addition of alkali, will bring about the substitution {Woroskzov. C. 1934 , 
II, 2523: Fr. Pats. 709,184 and 720,720). The magnesium compounds of halo- 
genated benzene hydrocarbons are oxidis^ to phenols on exposure to air {Ivanov, 
Bull. 39 , 47). 

The reactivity of the halogen atom is ^eatly enhanced by the presence of one, 
and still more of several nitro-groups (p. 62), recalling the benaviour of acid 
chlorides: 


C(Jl2(N02)iCl + H,0 - C6H,(N02 )i 0H + HCl. 

Picryl chloride Picric acid 

{4) The amino-group in nitro-amino-compounds is similarly replaced by 
^droxyl on boiling with aqueous solutions of alkalis, o- and p-Nitranilines, 
CeH 4 (N 02 )NHi give the corresponding nitrophenols, but the m-compound does 
not. e-Dinitro-compounds react similarly. 

(5) Small quantities of phenol are formed from benzene bjr the action of 
ozone, hydrogen peroxide, shaking with sodium hydroxide and air {Neneki, Ber. 
14, 1144), and by oxygen in the presence of aluminium chloride. Under high 
pressure, toluene is oxidised to benzyl alcohol, benzaldohyde, and 2,4-dihydroxy- 
toluene. Ethyl benzene is first attacked at the a-C-atom of the side chain, and 
phenyl-methyl-carbinol and -ketone, together with 2,4-dihydroxy-ethylbenzene 
are formed {Newitt, Burgoyne, Proc. Hoy. Soc. 153 , 443). 

{€) Alkyl phenols are obtained by the reduction of phenol-ketones with 
amalgamated zinc and HCl {Clemmemen, Ber. 47, 681). 

(7) Phenol-carboxylic acids give phenols on destructive distillation of their 
salts with lime. 

Synthetic methods, 

{8) When phenols and aliphatic alcohols are heated with ZnCU at 
200°, hydrogen attached to the ring is replaced by alcohol residues 
{LiehmanUj Ber. 14, 1842; Auer^ Ber. 17, 669; Haur, Ber. 27, 1614; 
Anschutz^ Ber. 28, 407). 

CiHsOH + (CHdjCH-CHjOH - (CH,),C[4]CeH4[l]OH + HjO. 

At the same time, alkyl ethers of the phenols are formed. When methyl alco¬ 
hol is used, tlie phenyl methyl ether, PhOMe, is the sole product. Magnesium 
chloride (Bor. 16 , 792) and hydrogen alkali sulphates have a similar effect to zinc 
chloride (Ber. 16 , 2541). 

(i?) Under the influence of cone, sulphuric acid, aluminium chloride, or boron 
trifluoride, unsaturated hydrocarbons, such as iso-amylene, add on phenols, and 
alkyl-phenols are formed {KdnigSj Ber. 25, 2649; Fr. Pat. 697,711). Propylene 
and m-cresol give several isomeric form^ of isopropyl-w-cresol (see thymol, p. 
190), and the corresponding saturated phenol ether. 

{10) The introduction of alkyl ^oups into the nucleus of phenols by means of 
aluminium chloride, or ferric chloride (p. 38), is not, as a rule, a smooth reaction 
(c/. Gurewitsch, Ber. 32 , 2424). The phenol ethers are more suitable. For the 
ethylation of phenol with ether and aluminium chloride see Jannasch, Ber, 32 , 
2391). 

Reactions. The replacement of hydrogen atoms. —(I) Owing to their 
acidic nature the phenols readily form salts, especially with the 
alkalis. The hydrogen of the hydroxyl group is aka easily replaced 
by {S) alkyl groups and (5) acyl groups. The esters formed with p- 
brorno- and p-nitro-benzoic aci^, or the phenyl- and naphthyl- 
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urethanes {Lyman, Am. Soc. 42, 615) obtained with phenyl or a- 
naphthyl isocyanate may be used for the identification of phenols. 
{Jf) The substitution of nuclear hydrogen atoms by chlorine, bromine, 
and nitro-groups is facilitated by the presence of OH in the ring. 

(5) The phenols combine with diazo- and azo-compounds with the forma¬ 
tion of azo- and diazo-dyes (see hydroxy-azo compoimds, p. 210). 

[6) Colour reactions of phenols .—When a mono- or polyhydric phenol is 
added to a solution of 6 parts of potassium nitrite in 1 of cone, sulphuric acid 
intense colorations appear. Ordinary phenol gives first a brown, then a green, 
and finally a royal blue colour (Liebermaun’s reaction, Ber. 17, 1875). Indo- 
phenols are formed which dissolve in cone, sulphuric acid with a blue colour, 
and combine with alkalis to give cornflower-blue salts (Decker, Ber. 36, 2894). 
The phenols also give similar colours with diazo- and nitroso-compounds in the 
presence of sulphuric acid. Ferric cldoride gives various colours with aqueous 
solutions of phenols, but alcoholic solutions of simple phenols do not give colours 
with this reagent. Merciuic nitrate containing a little nitrous acid gives a red 
colour with nearly all phenols (Plugge’s reaction, Ber. 23, R 202). 

Replacement of the hydroxyl group. —(7) When heated with zinc 
dust, phenols are converted into the corresponding hydrocarbons. 
(8) The replacement of oxygen by chlorine by means of PCU does not 
occur readily in simple phenols; phenol itself gives PhOPCh (p. 196). 
PCU acts more readily on nitrophenols, when nitrochlorobenzenes are 
obtained. 

(9) Phosphorus sulphide converts phenols into thiophenols. (10a) When 
heated with zinc chloride-ammonia the OH group is replaced by NHj and aniline 
is formed (p. 72). (10b) Amino compounds are also produced when alkyl 

ethers of nitrophenols are heated with alcoholic ammonia. The reaction recalls 
the substitution of the O-alkyl group of esters by NH*. (11) For the oxidation 
of the alkyl residue in homologous phenols see p. 188. 

Nuclear syntheses. — {1) See methods (S), (S), and {10) above for 
the substitution of aromatic hydrogen atoms in phenols by alkyl 
groups. This substitution takes place with particular ease when un¬ 
saturated radicals are introduced; the benzyl group also enters read¬ 
ily even in an undissociated medium, preferably in the o-position 
{Claissen, Angew. 36, 478). 

{^) The alkali salts of phenols combine with carbon dioxide at 
high temperatures to form alkali salts of hydroxy-acids, the phenol 
carboxylic acids {cf. salicylic acid). Sodium phenates combine with 
aliphatic olefine oxides to form glycol-aryl ethers {Boyd, J. 105, 2117). 

(S) Phenol carboxylic adds are also obtained by the action on 
phenols of carbon tetrachloride and sodium hydroxide, and (4) 
hydroxy-aldehydes or phenol aldehydes are obtained by the action on 
phenols of chloroform and sodium hydroxide (see salicylaldehyde). 

{6) Phenols condense with formaldehyde to give phenol-alcohols, 
such as saligenin. In the presence of acids or alkalis resinous con¬ 
densation products are formed, which are more or less soluble in 
organic solvents. This process has been developed industrially by 
Baekeland (Ind. Eng. Chem. 5,606; 17, 225, and numerous patents). 
The first product of\ alkaline condensation called Bakelite A (or 
‘‘ResoFO? is a liquid soluble in the usual organic solvents, and chang¬ 
ing on heating, with further condensation, into Bakelite B (or ^‘Resi- 
tole”), a solid which swells in organic liquids. Further heating under 
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pressure produces a hard, infusible, insoluble product, Bakelite C (or 
“Rcsite”). All these products, but particularly the last, are exten¬ 
sively used in the varnish and plastic industries. p,p'-Dihydroxy- 
diphenyl-methane is probably the primary condensation product 
(Raschig, Angcw. 25, 1947; ChaUatvay, J. 1933, 699; Ellis, Synthetic 
Resins, New York, 1923; Barry et al., Natural and Synthetic Rosins, 
London, 1926; Rahm, Plastic Moulding, New York, 1933). 

(6) When phenols are hciated with malic and sulphuric acids, coumarins 
(q.v,) are formed. With /3-keto-acids, coumarins or chromones (g.v,) are formed, 
depending on the condensation agent and the nature of the phenol. Sulphuric 
acid always gives coumarins, whihi phosphorus pentoxide gives coumarins with 
resorcinol, phloroglucinol, pyrogallol, ana a-naphthol, but chromones with other 
phenols (Robertson, J. 1931, 2426). (7) With benzotrichloride. PhCCls, the 

phenols give dyes of the aurin series, derived from tripheiiylmetliane, CHPha. 
With phthalic or o-sulphobenzoic anhvdridos the phenols give phthaleins. Naph’- 
thalic (q.v,), succinic, and other dicarboxylic anhydrides react in a similar manner. 
(8) Certain phenols combine with strong organic acid^j, such as trichloroacetic 
acid and picric acid, or with pyridine, forming double compounds, some of which 
are crystalline (Kendall, Am. 38, 1309; Hatcher, Am. 39, 1939). For the addi¬ 
tion of arylenes to phenols see Niedcrl, Am. 56, 2412. For exchange reactions 
between phenols and deuterium or heavy water see Miimherg, Z. angew. 50, 
317. 

Reduction of phenols ,—When vapours of phenols are passed with an 
excess of hydrogen over finely divided nickel at 215-230they are 
reduced to hexahydrophonoLs (Sabatier^ Sevderens, C.r. 137, 1025). 
Hexahydroketones are formed as intermediate products (IpaiteVy Ber, 
40,1286; Vavon, Bull. 37,296). 

By reduction of phenol with alternating current, cyclohexanone is produced 
(Drechsel, J. pr. 38, 65). 

The benzene nucleus of the phenols is broken down (p. 28).— (1) By 
oxidising them with permanganate, (2) by treating with chlorine and 
decomposing the chlorinated products with alkalis. 

Phenol, carbolic acid, CeHsOH, m.p. 41° (LerouXy Pharm. et 
Chim. 20, 1919), b.p. 183°, do 1.084. This compound is obtained 
from aniline, from benzene sulphonic acid, from the three hydro::^- 
benzoic acids, etc,, by the methods described above. Combined with 
other substances it occurs in nature in Castor cum and in the urine of 
herbivorous animals. 

Commercial phenol from coal-tar is a colourless, crystalline mass 
which slowly turns reddish in the air (Bach, Bor. 27, R 790; Gibbs, 
Philippine J. 1909). Very pure phenol crystallises in long, colourless 
prisms. It has a characteristic smell, a strong burning taste, and is 
poisonous and antiseptic. It dissolves in 15 parts of water at 20°, 
and very readily in alcohol, ether, and acetic acid. It is volatile 
with steam. Its neutral solution gives a violet colour viith ferric salts 
(cf. also Plugge’s reaction, p. 186). Bromine water precipitates 
2,4,6-tribromophcnol even from very dilute solutions. When con¬ 
sumed by animals it appears in the urine as phenyl-glyeuronic acid 
(Vol. I, p. 653) and as phenyl-sulphuric acid (p. 195). 

When fused with caustic potash it is converted into diphenols, CuHslOH)*, 
which are derivatives of diphenyl (p, 493). When distilled over lead monoxide 
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it forms diphenylene oxide. When heated with oxalio or formic acid and de¬ 
hydrating agents, aurin (p. 542) is formed. 

Potassium permanganate oxidises phenol to mesotartanc acid (Vol. I, p. 653). 
Permonosulphuric acid oxidises it to p 3 rrocatechol and quinhydrone (p. 237) 
{Bamberger^ J. pr. 58, 486). The final products of the action of chlorine are keto- 
chlorides derive^ from di- and tetrahydrobenzenes (Zincke, Ber. 27, 537). Elec¬ 
trochemical oxidation gives catechol, hydroguinone, o,p- and o,p'-diphenol, 
quinone, and o-hydroxyphenyl ether (Fichter, Bull. IQ, 281), and oxidation with 
hydrogen peroxide in the presence of ferrous sulphate gives largely catechol, pyro- 
gallol, and other compounds (Goldhammer, Biochem. Z. 1927 189), By the action 
of chlorine and sodium hydroxide phenol is converted into trichloro-cyclopentone- 
dihydroxycarboxylic acid. The more important reactions of phenol have been 
mentioned above. 

History.-^Fhenol was detected in coal-tar by Runge in 1834. He called it 
carbolic acid, and noted its physiological properties which resembled those of 
creosote ixp^ots —mea/, and — preserve^ Laurent was the first to prepare 

pure phenol (1841). He called it “hydrate de ph^nyle" or “acide ph6nique" 
from <paiy€Lv--to shine, possibly because it was found in the tar produced in the 
preparation of illuminating gas. Gerhardt obtained it from salicylic acid and intro¬ 
duced the name “phenol“ to indicate that the .substance is an alcohol. Lister, of 
Glasgow, introduced it into surgery in 1867. 

PHENATES. Potassium phenate and sodium phenate are pre¬ 
pared by dissolving phenol in caustic potash and soda, respectively, 
evaporating the solution, and rapidly drying the residue. Both 
compounds are readily soluble in water (Ber. 26, R 150). Carbon 
dioxide precipitates phenol from their aqueous solutions, phenol itself 
being insoluble in alkali carbonate solutions. For the action of carbon 
dioxide on dry phenatas, see salicylic acid, p. 355. Nearly all the 
phenols form potassium^hydrogen saRs of the type PhOK + mPhOH 
+ nH20, but the corresponding somum salts are unknown {Meyer, 
Z. anal. Chem. 64, 72). With formaldehyde and sulphuric acid they 
give a resinous product (see above). 

Calcium phenate, (PhO)*Ca, and mercuric phenate. (PhO) 2 Hg are known. The 
compound HO»CeH 4 HgCl is formed from phenol and mercuric chloride (p. 171). 
Aluminium phenate, (PhOaAl Is obtained as a vitreous mass, m.p, about 265®, 
when phenol is heated with aluminium (Cook, Am. 28, 608). The phenols com¬ 
bine with aluminium chloride and with nitrogenous bases (Forcrand, C.r. 116, 
192; 128,1519; Perrier, C.r. 122, 195; Baeyer, Ber. 35, 1207; Ipaiiev, C. 1914, 
II, 1267). 

Homologous Phenols 

It is a peculiarity of the cresols and other homologous phenols, that 
they cannot be oxidised by chromic acid. The OH group protects the 
alkyl group from oxidation by chromic add. If, however, the phenolic 
hydrogen atom is replaced by alkyl or acyl radicals, as in the phenolic 
ethers and esters, the alkyl group is oxidised and ether- or ester-acids 
are formed. The sulphuric and phosphoric esters of the phenols are 
readily prepared and are easily oxidised by alkaline permanganate 
{Heymann, Ber, 19, 3304), while the free phenols would be destroyed 
by this reagent (c/. the oxidation of phenol, above). Under special 
conditions, the oxidation of the side-chain may stop at the aldehyde 
stage. 

The sulphomo proup in the homologous benzenesulphonic acids exerts a similar 
effect on the oxidisability of the alkyl groups. In general, negative atoms or groups 
of atoms in tho o-^positim hinder the oxidation of alkyl groups by acidic oxmising 
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agents^ and conversely, alkaline oxidising agents, such as potassium permanganate 
first attack the alkyl group in the o-position {Meyer. Ann. 220, 16). 

The methyl groups of methyl-phenols, such as the cresols and xylenols, are 
oxidised to carboxyl groups by fusion with alkali hydroxides, best with the 
addition of lead monoxide or dioxide, and hydroxy benzoic, hydroxytoluic, hy¬ 
droxy phthalic, clc., acids are formed {Grache, Ber. 39,794; cj. the similar behaviour 
of homologous pyrroles and indoles, Vol. IV). p-Alkyl halogenopheiiols are oxi¬ 
dised by nitric acid to the so-called quinitroles and quinols. These substances are 
dealt with under ^‘phenol alcohols’' together with the pseiido^pheiuol bromides and 
methylene qtiinones. For other reactions, see p. 185. 

The liquid homologous phenols are characterised by the melting points of their 
benzoyl esters and their phenylurethanes. These melting points will be given 
under each member. 

t. CRESOLS, hydroxy toluenes, CHaC«H 40 H. All the three isomers occur in 
coal-tar and in beech-wood tar. They are obtained from the toluidines by method 
(/), and from the toluene sulphonic acids by method (2) (p. 184). They smell 
like phenol, though rather less pleasantly, and they are less poisonous than 
phenol, but share its disinfecting propi'rties. They are reduced by zinc dust to 
toluene when heated, and carbon dioxide and sodium converts them into creso- 
tinic acids. They benave towards fused potash and other oxidising agents as de¬ 
scribed above. For their condensation with acetone in the presence of acidic 
catalysts see Niederl, Mo. 60, 150. o-CresoI is obtained from carvacrol (p. 190), 
and w-cresol from thymol (p. 190). The latter is also obtained from the dibromide 
of synthetic 3-methyl-cyclohexcnone (Vol. II, p. 115) by removal of 2HBr 
{Knopvenagel, Aim. 281, 98). 

o-Cresol, 1,2‘hydroxytoluene, m.p. 31°, b.p. 190°, m.p. of the phenylurethane, 
141°. 

m-Cresol, I,S-kydroxytoluene, m.p. 11°, b.p. 202°, m.p. of the phenylurethane, 
121 - 122 °. 

p-Cresol, 1,4diydroxytoluene, m.p. 37°, b.p. 201°, m.p. of the phenylurethane, 
112-113°. 

o-Crosol gives a blue colour with ferric chloride. The crude cresols are used 
as disinfectants; creolin is a solution of crude cresols in alkalis, cresolin is a 
solution of cresols in resin soai)s, and lysol a solution in oily soap. For the reac¬ 
tions they undergo in the animal organism see Preusse, Ber. 14, 687. For the 
separation of m- and p-cresol, use may be made of the fact that the former is 
more readily sulphonated than the latter (Ger. Pat. 268,780), or the .sulphonic 
acids may be fractionally decomposed by superheated steam {Bruckner, Z. anal. 
Ch. 75, 289). For the freezing points of mixtures of phenol and each of the 
cresols .see Dawson, J, 113, 923. For the ultraviolet absorption of the cresols see 
Savard, C.r. 188, 782. 

2, PHENOLS, CbIIqOH, hydroxydimethyl-benzenes and hydroxyetkyl-hemenes. 
The six possible xylenols, (CH3) 2CeH 3OH , have been prepared. The ethyl-phenols, 
CjHftC 5 H 40 H, have been obtained from the ethyl-benzene sulphonic acids {Be^ 
hal, C.r. 118, 422). 

o-Ethyl-phenol, liquid, b.p. 207°; benzoyl compound m.p. 39°. 

m-Ethyl-phenol, m.p. —4°. b.p. 214°: benzoyl compoimd m.p. 62°. 

p-Ethyl-phenol, m.p. 46°, b.p. 218°; benzoyl compound m.p. 59°. 

5. PHENOLS, CgllnOH, 2,4,6-trimethyl-phenol, mesitol, (CHj)2CeIl20H, 
m.p. 71°, b.p. 221°, is obtained from aminomesitylene or from mesitylenic acid. 
It IS oxidised by silver oxide to tetramethyl-stilbene-quinone {Goldschmidt, Ber. 
56, 1903). 3,4,5-Trimethyl-phenol, sym-hemimellitol, m.p. 81°. 2,3,4-Hemi- 
mellitol, m.p. 107° {Auwers, Ber. 58, 2815). 2,4,5-pseudo-Cumenol, (CHi)i- 
C 6 H 2 OH, m.p. 71°, b.p. 232°, is obtained from psewdo-cumene sulphonic acid 
{Auwers, Ber. 17, 2976V For the products obtained by brorainating it, and the 
formation of pse^ido-phenol bromides insoluble in alkalis, see p. 198. 3-n-Propyl- 
phenol, b.p. 220° is obtained from isosafrol {Ciamidan, Ber. 23, 1162). 4-n- 
I^opyljhenol, b.p. 234°. p-Isopropyl-phenol, p-cumenol, austraUol, occurs in the 
oil of Eucalyptus polybractea {Earl, J. New South Wales, 1926), m.p. 21°, b.p. 
229°. It has been obtained, together with hydroquinone, by condensing acetone 
and phenol by means of fuming HCl to diphenol-/3-propane, (CH>)2C(CeH40H)j, 
and fusing this with potash {Dvanin. Ber, 25, R 334) .and by allowing p-isopropyl- 
phenyl magnesium bromide to oxidise in the air {Bert^ Bull. 37, 1397). 
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4* PHENOLS, CioHisOH. Two of these phenols, thymol and 
carvacrol, occur in a number of essential oils. Both are methyl- 
propyl phenols of which twenty isomers are possible, and since both 
are derivatives of the common p-cymene, they must contain an iso¬ 
propyl radical. When heated with phosphorus pentoxide thymol 
decomposes into propylene and m-cresol, and carvacrol into propylene 
and o-cresol. Hence; 


yOmi] 

Thymol =* 3-methyl-G-isopropyl-phenol, C 3 H 7 [ 6 ]C«H 8 <f 

^CHalS] 

Carvacrol = 2-mcthyl-5-isopropyl-phenol, CsHTlSJCeHs^ 

^CHsIS] 


Thymol, m.p. 51°, b.p. 232°, crystallises in large, colourless plates. 
It is found, together with cymene, in oil of thyme from Thymu$ 
vulgaris, and in the oils from Ptychotis ajowan and Monarda punctata. 
To isolate it the oils are shaken with caustic* potash, the licpiid filtered, 
and the thymol precipitated tlie addition of acid. Thymol is 
obtained artificially from nitroeuminic aldehyde (p. 270), and from 
dibromomenthone (Vol. II, p. 231) by removal of hydrogen bromide 
(Beckmann, Ber. 29, 420), It is also obtained from umbellulone 
(Vol. II, p. 245). Industrially, the extraction of ajowan seed is not 
now used. Thymol is made by oxidising piporitone, A^-menthenone-S 
(Vol. II, p. 233) with ferric chloride, or synthetically by introducing 
the isopropyl radical into m-cresol. I'his can be done (I) by thermal 
rearrangement of wi-cresol isopropyl (‘ther; (2) by condensing m-crc^.sol 
and acetone under suitable conditions (heating under pressure, etc.) 
and hydrogenating the product {Ztneke, Ann. 388, 299; Br. Pats. 
273,684/5, 308,741, and 344,970); (S) by treating m^crcsol with 
propylene or agents which give propylene, e.g., (iso-) propyl alcohol 
and sulphuric acid or zinc chloride, subsequently eliminating the 
sulphonic group (if sulphuric acid is used) (Ger. Pats. 350,809 and 
379,952; Br. Pat. 270,283, etc.; Sw. Pats. 142,738 and 144,206; 
U. S. Pats. 1,788,847, 1,798,813, and 1,805,555). In these reactions, 
two isomers of thymol, m.p. 69° and 114°, are formed as by-products. 
Both can be converted into thymol. U. S. Patents 1,378,939 and 
1,449,121 start from cymene, which is either nitrated in the 2-position, 
reduced to the amine, diazotised, and boiled with water, or sulphon- 
ated in the 2-position and then fused with alkali. Thymol has a 
powerful odour of thyme. It is an antiseptic. 

When distilled with phosphorus pentasulphide it is converted into cymene; 
when oxidised it gives thymoguinone (p. 238). Iodine and caustic alkali converts 
it into diiodo-dithymol, 3,3 '^iiodo-2,2'-dimethyU5,d'-diisopropyl-^iphenoquinone- 
4,4' (Ar. Pharm. 272, 8 ). This is known as aristol or annidaline in medicine, 
where it is used as a substitute for iodoform. For the mechanism of bromina- 
tion and iodination of thymol see Dannenberg^ Mo, 24,67. 

Carvacrol, m.p. 1°, b.p. 236°, is isomeric wdth thymol. It occurs 
in the combined state in the oil of some species of Satureja and on- 
ganum, e.g., in Satureja hortensis and in Origanum hirtum. It is ob¬ 
tained from the isomeric carvone, a derivative of dihydrocymene 
(VoL II, p. 237), which occurs in cumin oil (from Carum carvi) and 
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some other essential oils, by heating with crystalline phosphoric acid. 
Carvacrol is also obtained when camphor is heated with one-fifth of 
its weight of iodine under reflux. It is synthesised from cymene- 
sulphonic acid {Jacobsen^ Ber. 11, 1060; U. S. Pat. 1,449,121). For 
the preparation of the pure compound see John J. pr. 143, 253. 
When distilled with phosphorus pentasulphide it gives cymene and 
thiocarvacrol, CnHiaSH (p. 214). 

si/m-Carvacrol, (CH«) ISKCIDaCHlSlCeHalllOH, m.p. 54®, b.p. 241® (Ber. 
27, 2347). o-Methyl-m-n-propyl-phenol, {CH3)[21C8H7[51CeHdllOH, b.p. 
240®, is obtained from the corresponding; sulphonic acid (Ber. 29, R 417). 
p-tert.-Butyl-phenol, (CH3)3C[4lC6H4fllOH, m.p. 98®, b.p. 237®, obtained from 
isobutyl alcohol, phenol, and zinc chloride {Senknwski, Ber. 24, 2974) gives 
trimethylpyruvic and trimethylacetic acids on oxidation with potassium perman¬ 
ganate (Anschutz, Ann. 327, 201). 

p-Isoamyl-phenol, (CH3)2CH(CH2)2[4]CeH4[110H, b.p. 261-262®; p-tert.- 
amyl-phenol, (CH3)2(G2H5)C[4]C6H4[1J0H, m.p. 93®, b.p. 255® (Claisen, un¬ 
pub.) is obtained from phenol, isoamyl or tertiary amyl alcohol and zinc chloride, 
or from isoamylene, acetic acid and sulphuric acid (Anschutz, Ber. 28, 407). 
When oxidised with potassium permanganate it gives dimethyl-ethyl-pyruvic acid 
and dimethyl-ethyl acetic acid (Anschutz, Ami. 327, 201). 

Tetramethyl-phenols (Jacobsen, Ber. 15, 1854; 18, 2842; Limpach, Ber. 21, 
645; Tohl, Ber. 21, 907). Pentamethyl-phenol, m.p. 126®, b.p. 267® (Hof/nann, 
Ber. 18, 1826). Diethyl-phenols, tetra-ethyl-phenol (Voswinckel, Ber. 22, 317). 

m-Pentadecyl-phenyl, hydroginkgol, m.p. 50°, has been obtained from the 
methyl ether of /a-methoxyphenyl-tetradecyl-ketone by Clemmensen's method 
(Furukava. Chem. Res. 24, 320). 

2-Benzyl-4-methyl-phenol. m.p. 35-36®, is obtained from benzyl alcohol and 
p-cresol by the action of aluminium chloride, or from sodium p-cresolate and 
benzyl chloride, with subsequent rearrangement. A by-product of the first re¬ 
action is 2,6-dibenzyl-4-methyl-phenol, b.p. 236-238® (8 mm.) (Huston, Am. 53, 
2379). 


Functional Derivatives of Monohydric Phenols ^ 

The reactions of the phenols will be illustrated by taking phenol 
itself as an example, as the substance is readily available and its reac¬ 
tions have been studied in greater detail than those of any of its 
homologues. In th(js(' cases where derivatives of a homologous 
phenol are of special theoretical or practical interest they will be men¬ 
tioned after the corresponding phenol derivative. 

PHENOLIC ETHERS. {!) The phenol ethers are formed by the 
action of alkyl halides on phenates in the same way as the ethers of 
the aliphatic alcohols. The phenol is heated with caustic potash and 
alkyl iodide, or methyl chloride is passed over sodium phenate at 200^ 
{Vincent, Ber. 16, 2513), preferably under pressure (U. S. Pat. 
1,801,901). 

Other methods of formation are (2) by the action of alkyl sulphates on alkali 
phenates in water or alcohol (Gladstone, J. 99, 26); (S) by the decomposition of 
benzene diazonium compounds with alcohols, when hydrocarbons are formed at 
the same time (Hirsch, Ber. 25, 1973); (4) hy heating methyl phenylcarbonato 
Cp. 196) when carbon dioxide is eliminated: PhOCOOCHs =* PhOCHj CO* 
(Einhorn, Ber. 42, 2237). 

{6) Diazomethane in the cold converts phenols into their methyl 
ethers, nitrogen being evolved {Pechmann, Ber. 28, 857). 

PhOH -b CH*N* « PhOCH, + N*. 
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Industrially, dimethyl sulphate, (CH|) 2 S 04 , diethyl sulphate, (C 2 H 6 ) 2 S 04 , 
p-toluene sulphonic ester (p. 175), etc,, are usm on a large scale for alkylating 
phenols (Ulhnann, Ann, 327, 120; Ger. Pat. 76,574). 

(d) By heating the alkyl ethers of phenol-carboxylic acids with lime or 
baryta: 

COOH[l]CJl4l4]OCH, C,H.OCH,. 

Anisic acid Anisole 

( 7) By passing the vapours of phenols and alcohols toigether over thoria heated 
to 420° {Mailke^ Chem. Z. 35, 485). {8) Olefines combine with phenols in the 
presence of sulphuric or phosphoric acids to form phenyl-alkyl ethers. By a second¬ 
ary reaction these partially rearrange to give alkyl-phenols. The latter boil at a 
much higher temperature than the former (Nicderl^ Naiehon^ Am. 53,1928; Tshii^ 
shibabin, C.r. 198 , 1239; U. S. Pat. 1,948,287). (9) Phenyl-ether ketones are 

reduced by Clemmensen’s method, with amalgamate zinc and hydrochloric acid. 
The method is analogous to that used in the preparation of phenols (p. 185) 
{Johnson, Am. 35, 1014). {10) Phenates and alcohols are treated with CO 

{Zerbe, Brennstoff-Chem. 16 , 88 ). 

Tlie phenol ethers are unaffected by boiling with alkalis, but pro¬ 
longed floating with alcoholic potash at high temperatures decomposes 
them with the formation of phenols {Stoermer, Ber. 34,1812). Pothers 
of polyhydric phenols are partially hydrolysed by the same treatment, 
veratrol, for example, being converted into guaiacol (p. 219) (C. 1898, 
I, 456). The phenol ethers will combine with oxygen acids (HNOy, 
HCIO4) to give oxonium salts {Kehrrnann, Ber. 52, 2119). When 
heated with the halogen acids they usually decompose: PhOMc + 
HI = PhOH + Mel. A quantitative method of estimating the 
number of methoxy and ethoxy groups present in a compound is 
based on the ease of decomposition of the phenol alkyl ethers by 
concentrated hydriodic acid. The methyl or ethyl iodide formed is 
passed into an alcoholic solution of silver nitrate and the silver iodide 
precipitated is collected and weighed (Zeisel, Mo. 6, 989; 7, 406), or 
the alkyl iodides arc absorbed in a solution of bromine and potassium 
acetate in glacial acetic acid, when their iodine is converted into iodic 
acid. The latter is estimated iodometrically, after eliminating the 
excess of bromine with formic acid {Vieboeck, Ber. 63,2818). Aniline 
hydrochloride (Klemenc, Ber. 49, 1371), aluminium chloride, and 
particularly aluminium bromide {Hartmaniij Ber. 25,3531), also de¬ 
compose the phenol ctliers. Phosphorus pentachloride chlorinates 
the nucleus, but does not break the ether linkage {Authenriethf Ber. 
28, R 612). For other demethylating agents, see Takagi, J. Pharm. 
Japan, 1925. For the decomposition of phenol ethers by organo- 
magnesium compounds see Grignard, Bulf. [5], 3, 1181. Towards 
chlorine, l^rominc, iodine, nitric acid, and sulphuric acid, the phenol 
ethers behave like aromatic hydrocarbons. The halogcnation of 
phenol ethers has been studied in detail, and the rate of the reaction 
has been measured by Bradfield, Jones, and Orton, J. 1929, 2810; 
1931, 2903. When phenol ethers are nitrated intensely coloured 
solutions are produced, from wrhich crystalline compounds can be 
obtained by the addition of aqueous perchloric acid. They are 
probably formulated as follows: 

AlkO<^'^>N: O—CH,+CI04- 
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Anisole, phenyl methyl ether. PhOMo, h.p. 152^, du 0.991^ is obtained from 
anisic, or p-methoxybenzoic acia (p. 363). A method of preparing it from phenol, 
dimethyl sulphate, and sodium hydroxide is described by Hiera and Hager, Org. 
Synth. 9, 12 . For its behaviour on distillation with zinc dust, see Thorns, Arch. 
Pharm. 242, 05. For the reaction when heated wdth Grignard jeagents see 
Simords, Ber. 47, 269. 

Phenetole, phenyl ethyl ether, PhOF^t, m.p. —30.2®, b.p. 172®, do 0.9822, 
dipole moment 1.2 D. Isoamyl phenyl ether, b.p. 225®. Bromoethyl phenyl 
ether, BrCH 2 *CH 2 -OPh, m.p. 39® {WetUiye, J. pr. 24, 242), is converted by 


zinc chloride into coumaran. 


, ring closure taking place (Rin^fiiss, Am. 


/nq/ 


41, 665). 

PHENYL OLEFINE ETHERS. Phenyl-vinyl ether, PhOCH:CH 2 . b.p. 155- 
156®, is obtained by the action of solid sodium hydroxide on phenyl-/S-bromo- 
ethyl ether (Powell, Am. 42, 646), or by the action of bases on phenol and vinyl 
chloride (Ger. Pat. 513,679), or by the action of alcoholic sodium hydroxide on 
phenol and ethylene chloride or ethylidene chloride (Ger. Pat. 525A88). On 
heating it gives phenol and acetaldehyde-diphenyl acetal, CH*CH(OPh) 2 , m.p. 
9®, b.p. 154® (14 mm.) (Lazier, Am. 55, 1572). Phenyl-<«>-bromovmyl ether. 
PhOCH:CHBr, b.p. 116® (15 mm.), obtained from potassium phenate and 
acetylene dibromide, gives with alcoholic potash, phenoxy-acetylene, PhOC-CH, 
b.p. 75® (35 mm.), an unstable oil, wdiich readily forms normal acetylene salts, 
such as PhOC:CNa, PhOCiCAg, (PhOC:C) 2 Cu 2 (Slimmer, Ber. 36, 289). 
Phenoxy-propine, PhOCH 2 C:CH, b.p. 98° (23 mm.) is obtained by the action 
of sodium on phenyl- 7 -chloroallyI ether (Bert, C.r. 194, 886 ). 

Phenyl-allyl ether PhOCHjCHzCHs, b.p. 73® (11 mm.), b.p. 191-192®, is 
prepared from phenol and allyl bromide under the action of potassium carbonate 
in acetone solution, on a water bath. It is an oil with a strong odour of geraniums. 
When it is boiled for several hours at ordinary pressure with a current of carbon 
dioxide passing through it. the boiling temperature gradually rises to 220 ®. 
By a rearrangement, first observed by Claisen (Ber. 45, 3157; Ann. 418, 210; 
442, 410), o-allyl-phenol, HO[ 2 ]CJl 4 CH 2 CH:CH 2 (p. 450) is formed, together 


with a small amount of the isomeric 2~methyl-coumaran, C«H 4 < 




(Vol. IV). This rearrangement takes place to a certain extent in the preparation 
of phenyl-allyl ether, especially if the reaction is carried out in a non-dissociating 
solvent. By re-treating o-allvl-phenol with allyl bromide and potassium carbon¬ 
ate, o-allyUphenol-allyl ether b.p. 104-105® (10 mm.) is obtained, and if this is 
heated for some time, o,o-diallyl-phenol (p. 450) is formed. Repeating the same 
treatment a third time, another allyl ether and finally o,o,p-triallyl-phei%ol are 
formed. More than three allyl groups cannot be introduced into the benzene 
nucleus by this method. In this rearrangement, the allyl group first enters the 
o-position with reference to the phenol oxygen, and only when Doth ortho posi¬ 
tions are occupied does it go into the para-position if this be free. 

The mechanism of this rearrangement has been followed by examining what 
happens with higher phenol ethers of the type PhOCH(Alk) •CHzCHCH*. 
Contrary to expectation, it is not the a-C atom "of the allyl group (the one which 
is linked to the phenol oxygen) which enters the nucleus, but the 7 -C atom 
from the end of the chain migrates while the double bond shifts from the 
into the a,/5-position. A phenol ether of the above type becomes a phenol of the 
formula HO-CeH 4 CH(CH 8 )CH;CH(Alk) (Claisen, Ber. 58, 275 ; 59, 2344; 

Hurd, Am. 53, 1917). The allyl group is inverted in the course of tlus rearrange¬ 
ment, and the reaction is closely connected with the structure of this group, since 
other unsaturated groups, e,g., those in phenyl-A*-butenyl ether, PhOCH 2 CHi- 
CHiCHa, b.p. 209®, or in phenyl-vinyl ether, do not migrate into the nucleus 
(Powell, Am. 42, 646). Similarly the a-ethyl ether, PhO*CH(C 2 H 8 )CH:CH 2 
rearranges in the normal way to HO[ 2 ]CeH 4 [l]CH 2 *CH:CHC 2 H*, but the 7 - 
ethyl ether, PhO • CH 2 • CH: CHC 2 H», somewhat surprisingly undergoes a re¬ 
arrangement into HO{ 2 ]CeH 4 [l]CH(LlH«) -CnzCH-CHi, as proved by its oxida- 
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tion to the corresponding phenoxy-acetic acid and conversion into a dicarboi^lio' 
acid (Law,. Filbert, Am. 58, 1388). Again, phenyl-cinnamyl ether Ph*0'Cfi:- 
CHPh gives o-(a-phenylallyL)phenol, HO[ 2 ]CeH 4 [l]CH(Ph) -CHrCHa. In the 
rearrangement of phenyl-aJlyl ether, o-allyl-phenol is formed together with a 
dimer, o-(2-allyl-phenoxypropyl-)phenol, HO[ 2 ]C 8 H 4 [l]CH 2 -CH(CHi) •0[2']- 
C«H4[1']CH2’CH:CH2. This is an oil almost insoluble in 20 per cent caustic 
potash {Hurd, Schmerling, Am. 59, 107). For an analogous reaction, the forma¬ 
tion of o- and p-alkyl phenols from phenyl-alkyl ethers by means oi aluminium 
chloride, see Smith, Am. 56, 717, 1419. For phenyl-benzyl ethers see Behagel, 
Ber. 67, 1368. Phenyl ethers of the general formula (PhO)(CH 2 )nCH:CH 2 , see 
Braun, Ber. 45, 1246. 

Aryt-Qi-chloroallyl ethers, Ar*OCH 2 CR:CHCl, are prepared from phenols and 
1,3-dichloropropene in the presence of sodium ethylate. Phenyl-chloroallyl ether, 
b.p. 120® (20 mm.); o-, m-, p-cresyl-allyl etWs, see Bert, C.r. 192, 1565. 
Those phenol ethers which contain halogen in the allyl group behave irregularly 
as regards the Claisen rearrangement (Hurd, Webb, Am. 58, 2190). 

Phenyl-isopropenyl ether, PhOCH(CHj) rCHz, b.p. 169°, obtained from potas¬ 
sium phenate and isopropenyl bromide, isomerises wht'u boiled with acetic acid 
and some sulphuric acid into o-isopropenyl phenol, b.p. 213°, passing through 
several intermediate stages. For details of this reaction see Miederl, Am. 55, 284. 

Phenyl-methylene ether, CH 2 (OPh) 2 , m.p. 81°, b.p. 165° (Bischoff, Ber. 40, 
2789). Phenyf-ethylene ether, glycol-dipheiwl ether, PhOCH2CH20Ph, m.p. 
95°, is isomeric with phenol acetal, (PhO) 2 CHCH 3 , m.p. 10°, b.p. 176°, obtained 
from potassium'phenate and aldehyde chloride (Fosse, C.r. 130, 725). Glycol- 
monophenyl ether, b.p. 165° (80 mm.). ^-Hydbroxypropyl-phenyl ether, PhO- 
(CH2)2CH20H, b.p. 158-160° (25 mm.), is obtained from trimethylene chlor- 
hydrin and phenol under the influence of sodium ethylate. Wlien acted upon by 


zinc chloride, ring closiu-e occurs and chroman, 



is formed (Rindfuss, 


Am. 41, 665). Glycerol-monophenyl ether, Ph 0 CH 2 CH0H CH 20 H, m.p. 
70°, is prepared by heating phenol with glycerol and a little sodium gsetate 

(Zivkovic, Mo. 29,951), or by hydrating phenyl-glycide ether, PhOCHa • 
b.p. 242°. The latter is obtained by the interaction of sodium phenate and epi- 
chlorhydrin. Glycerol-diphenyl ether, PhOCH 2 • CHOH • CH 20 Ph m.p. 82° is 
also formed at the same time (Boyd, J. 93, 838; Fourneau, Pharm. chimie 1910). 
4-£thyl-anisole^ b.p. 195-198°, is prepared by reducing p-acetyl-anisole with 
amalgamated zme and hydrochloric acid (Johnson, Am. 35, 1014). 

PHENOXY-ALKYLAMINES. /3-Phenoxy-ethylamine, NHa • CH 2 • CHj* OPh, 
b.p. 228° (Schreiher, Ber. 24, 189). 7 -Phenoxy-propylamine, NH 2 *CH 2 -CH 2 *- 
CH 2 *OPh, b.p. 241° (Lohmann, Ber. 24, 2637). 5-Phenoxy-butylamine, NH 2 - 
CHa'CHa CIIs-CHa-OPh, b.p. 255° (Gabriel, Ber. 24, 3232). 

PHENOL ETHERS OF ALDEHYDE-ALCOHOLS, KETO-ALCOHOLS, AND 
HYDROXY-ACIDS. These are obtained from the corresponding chloro-alde- 
hydes, -ketones, and -carboxylic acids by the action of sodium phenate. Phenoxy- 
acetaldehyde, PhO*CH 2 CHO, b.p. 1U9° (30 mm.); (Pomeranz, Ber. 28, R 
295) ; phenoxy-acetone, PhOCH 2 COCH 3 , b.p. 230°, condenses with cone, sul¬ 
phuric acid to methyl-coumarone (Stoermer, Ber. 28, 1253; 35, 3553). Phen- 
oxy-acetic acid, PhOCH 2 COOH, m.p. 96°, isomeric with mandelic acid, PhCH- 
(OH)COOH, is obtained by the action of monochloroacetic acid on potassium 
phenate at 150°, and by oxidation of phenoxy-acetaldehyde. It is a powerful 
antiseptic (Hanlzsch, Ber. 19, 1296; Auwers, Ber. 27, 2796). Phenoxy-acetyl 
chloride, PhOCHsCOCl, b.p. 169° (60 mm.) (Stoermer, Ber. 35, 3560). Di- 
phenoxy-acetic acid, (PnO) 2 CHCOOH, m.p. 91° (Auwers, Ber. 27, 2796). a- 
and 7 -Phcnoxy-butyric acids, m.p. 99° and 60° (Luchmann, Ber. 29, 1421). 
Homologous a-phenoxy-fatty acids, see Bischoff, Ber. 33, 924, 1249. 

a-Phenoxy-acetoacetic ester, CH 3 CO-CH(OPh)COOC 2 H 8 j obtained from so¬ 
dium phenate and a-chloroacetoacetic ester, is a thick oil, which condenses under 
the influence of cone, su^huric acid to meihyl-coumarUic ester, Phenoxy-famafic 
ester, FhOC(COOR) ;CHCOOR, is obtained from sodium phenate and acetylene 
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dicarboxylic ester (PonieranZj Mo. 15, 739). Creaoxy- and xylenoxy-acetic acids 
have been used for separating isomeric phenols (Glund, C. 1919,1, 626). 

PHENYL ETHERS. (Di-)phenyl ether, diphenyl oxide, PhjO, m.p. 28®, 
b.p. 252°, dipole moment 1.1 D., crystallises in long needles and has an odour of 
geraniums. It is obtained by distilling copper benzoate, phenyl benzoate being a 
by-product. It is also obtained by heating a mixture of benzene diazonium sul¬ 
phate and phenol (Hirsch, Ber. 25, 1973), or by heating phenol with zinc chlo¬ 
ride, or better, aluminium chloride, to 350° {Merz, Ber. 14, 189). It is prepared 
very smoothly by heating potassium pbenate with phenyl halides in the presence 
of copper bronze (Ullmann, Ann. 350, 83), or by heating potassium pheuate with 
an aqueous suspension of calcium or barium oxides to 250-300° (U. S. Pat. 
1,744,961), or by dehydrogenating phenol at 450° with thorium oxide as a catalyst 
(Bruner^ Helv. 15, 619). Phenyl nitro-halides react with potassium phenate even 
in the absence of copper. When a mixture of phenol oxide and hydrogen is passed 
over finely divided nickel at 250°, the former is decomposed into benzene and 
phenol, with subsequent hydrogenation of tlit^se products to hexahydrophenol 
and cyclohexane (Mailhe, Bull. 11, 122). 

PHENOL ESTERS. ACID ESTERS OF PHENOL are obtained by acting 
on phenols or their salts with acid chlorides or anhydrides, and by digesting phe¬ 
nols with acids and phosphorus oxychloride. In polyhydric phenols all the hy¬ 
droxy lie hydrogen atoms can be replaced by acetyl by treating a solution of the 
phenol in dilute alkali with acetic anhydride (ChallavMy, J. 1931, 2495). Like 
all esters, the phenol esters arc hydrolysed into their components when boiled 
with alkalis or even with water. 

ESTERS OF INORGANIC ACIDS. Phenyl sulphurous acid, is not known in 
the free state. Its sodium salt, NaSO>OPh. is formed by the action of sulphur 
dioxide on sodium plienate. Methyl iodide converts it into phenyl methylsul- 
phonatc, MeS020Ph. Salts (A aryl sulphonic esters are also formed by the action 
of sodium bisulphite on phenols. They are very reactive, and in some the OS02Na 
group is replacjed by NH 2 on heating with ammonia (Ger. Pat. 115,335). The 
ester of sulphurous acid, diphenyl sulphite, 80(0Ph)2, b.p. 185° (15 mm.), has 
been obtained by Richter (Ber. 49, 2339) from phenol, thionyl chloride and pyri¬ 
dine in carbon disulphide solution. For phenyl esters of methionic acid, CH 2 - 
(S 03 H) 2 , and of homologous acids, see Schroetcr, Ann. 418, 161. 

PHENYL SULPHURIC ACID, PhO 0 SO 3 H, is not known in the free state, w^hen 
liberated from its salts bj^ concentrated hydrochloric acid it immediately aecom- 
poses into phenol and sulphuric acid. Its potassium salt, PhO-SOsK, crystallises 
in leaflets, and is not very soluble in cold water. It occurs in the urine of her¬ 
bivorous animals, and also in that of man and the dog after ingestion of phenol. 
It is prepared synthetically by heating i>otassium phenate wuth an aqueous solu¬ 
tion of potassium pyrosulphate (Baumann, Ber. 9, 1715; Czapek, Mo. 35, 635); 
or by the action of sulphuiyl chloride, S 02 C 12 . on benzene solutions of alkali phen- 
ates (Baitegay, C.r. 194, 1505). It can also be obtained from phenol and chloro- 
sulphonic acid with pyridine in carbon disulphide, and subsequent treatment of 
the product with <;austic potash. The phenyl-sulphuric acids are stable in neutral 
and alkaline solution, but are rapidly decompovsed on heating with mineral acids. 
If potassium phenylsulphate is heated in a tube it passes smoothly into potassium 
p-phenol sulphonate. 

PHENYL ESTERS OF THE PHOSPHORIC ACIDS. These are produced 
by the action of phosphorus trichloride and phosphorus oxycliloridc on phenol 
(Anschutz, Ann. 239, 310; 253, 120; Ber. 30, 2396): 

Phenyl-phosphorous chloride, CoHftO’PCL. b.p. 90° (11 mm.) 

Diphenyl-phosphorous chloride, (C6H60)2rCl, b.p. 172° (11 mm.) 

Triphenyl phosphite, (06H60)3p, b.p. 220° (11 mm.) 

Phenyl-phosphoric cnloride, (CelisOlPOCh, b.p. 121° (11 mm.) 

Diphenyl-phosphoric chloride, (C6H60)2P0C1, b.p. 195° (14 mm.) 

Monophenyl phosphate, (C6H60)P0(0H)2, m.p. 99.5° 

Diphenyl phosphate, (C 6 H 60 ) 2 P 00 H, m.p. 70°, hydrate (+ 2 H 2 O), m.p, 51° 

Triphenyl phosphate, (CeH^O^aPO, m.p. 49°, b.p. 245° (14 mm.) 

Triphenyl phosphoric acid dichloride, (C6H60)sPCl2, decomp. 200-210°. 

The mono- and di-phosphates are prepared by decomnosing the corresponding 
chlorides with water. Triphenyl phosphate, however, is best prepared by shaking 
an alkaline solution of phehol with phosphorus oxychloride. The mono- and di- 
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phosphates add on chlorine to form phenyl-phosphoric tetrachloride, CeH^OPCU, 
and diphenyl-phosphoric trichloride, (C«HaO)jPCl8, respectively. Triphenyl 
phosphate is used considerably as a softening agent. For the reactions of phen- 
oxy-phosphorus chlorides with water, alcohol, phenols, 6(c., see Anschutz^ Ann. 
525^09. 

pSbKNOL SULPHOPHOSPHATES, e,g., triphenyl sulphophosphate, (PhO),- 
PS, m.p. 63® (Authenrieth, Ber. 31, 1094). 

PHENYL SILICATES, see Hertkom, Ber. 18, 1679. 

PHENYL CARBONATES. Free phenyl-carbonic acid is unknown, but 
sodium phenyl-carbonate, a white powderj decomposed by water has been ob¬ 
tained by acting upon sodium ]3henate with carbon dioxide, preferably under 
pressure. When it is heated, under pressure, at 120-130®, it rearranges to sodio^ 
pher^l-O’Carhoxylic add, NaOC 6 H 4 COOH, a reaction recalling the rearrangement 
of phenyl-sulphuric into phenol-sulphonic acid. Sodium phenyl-carbonate and 
sodium phenate give disodium salicylate and phenol on heating to 190® (Tijm- 
strabz, Ber. 38, 1375). 

Phenyl carbonate, CO(OPh) 2 , m.p. 80®, b.p. 108® (15 mm.) is produced when 
phenol and phosgene gas, COCh, are heated to 150®, or more readily by passing 
phosgene into an aqueous solution of sodium phenate (Bischoff, Ber. 35, 3434). 
It is also obtained by boiling phenol and carbon tetrachloride with a mixture of 
zinc oxide and zinc chloride (Uomberg, Am. 47, 198). In this reaction dichloro- 
diphenoxy-methane, CCl 2 (OPh) 2 , is an intermediate product, and changes, unless 
zinc oxide be addea, into the two isomeric dichloro-di-o,o'- and o,p'-hydroxy- 
phenyl-methanes, CCl 2 (C 6 H 40 H) 2 , which are further hydrolysed to dihydroxy- 
benzophenones (p. 521). It crystallises from alcohol in shining needles. When 
heatea with sodium hydroxide to 200® it gives sodium salicylate (p. 355). When 
heated with ammonia it gives urea (Eckenroth, Ber. 23,694). Mixed alkyl-phenyl- 
carbonates, such as phenyl-ethyl carbonate, COOEtPh, are formed by the action 
of chloroformic esters on the sodium salts of phenols, or of alcohols on chloroformic 
phenyl esters, obtained from phenol by the action of carbonyl chloride, and by 
heating phenyl carbonate with an alcohol in the presence of urea {Morel, Bull. 
[3], 21, 815; Cazeneuve, C.r. 127, 111). They lose carbon dioxide when heated, 
being converted into phenol-alkyl ethers {Obermiller, Ber. 42, 2237). 

Diphenyl thiocarbonate, PhOCSOPh, m.p. lOG®, and phenyl chloro-thiocar- 
bonate, ClCSOPh, a yellow oil, b.p. 91*^ (10 mrn.), are both obtained, under dif¬ 
ferent conditions, by the action of thiophosgene on sodium phenate {Eckenrofh, 
Ber. 27, 3410; Kivier, Bull. [3) 35, ^7). Phenyl carbamate, phenylurethane. 
NHiCOOPh, m.p. 141®, can be obtained by adding mercury fulminate in small 
portions at a time to hot phenol {SchoU^er, 33, 51; Gattermann, Ann. 244, 43). 
Phenyl phenyl-carbamate, PhNHCOOPh, m.p. 124®, is obtainea from carbanil 
(p. 97) and phenol {Leuckart, Ber. 18, 876; Kckenroth, Ber. 27, 1370). Phenyl 
diphenyl-carbamate, Ph 2 NCOOPh, m.p. 105®, is obtained from diphenyl-urea 
chloride and phenol {Herzog, Bor. 40, 1833). Phenyl phenyl-thiocarbamate, 
PhO-CSNHPh, unstable, colourless needles, is obtained from phenyl chlorothio- 
carbonate and aniline. Phenyl phenylimido-carbonate^ PhN:C(OPh) 2 , m.p. 
136®, is obtained by the action of isocyanophenyl chloride (p. 95) on sodium 
phenate {Scholl, Ber. 28, 972). Phenyl allophanate, NH 2 CONHCOOPh, a crys¬ 
talline compound, is obtained by passing the vapour of cyanic acid into phenol. 

PHENYL ESTERS OF MONOBASIC CARBOXYLIC ACIDS. When phenyl 
esters of organic acids are heated with aluminium chloride they undergo the 
Fries rearrangement into o- and p-acyl phenols {Rosenmund, Ann, 460, 56). 
The esters of aliphatic and araliphatic acids undergo this change more readily 
than those of aromatic acids. The opposite rearrangement, the migration of an 
acyl group into the OH group has also been observed with certain phenol-ketones. 


acyl group into the OH group has also been observed with certain phenol-ketones. 
Phenyl formate, see Seifert, J. pr. 31, 467. Phenyl ortho-formate, CH(OPh) 3 , 
m.p. 76®, b.p. 265® (50 mm.), is obtained by the action of chloroform on potassium 
phenate {Auwers, Ber. 18, 2656). Phenyl acetate, CHiCOOPh, o.p. 195® 
{Kreysler, Ber. 18, 1716), is decomposed when heated strongly with sodium into 
acetone, dehydracetic acid ( 2 -methyl-benzo- 7 -pyrone), and a compound of the 
formula CnH804, m.p. 108-109®, supposed to he a-acetyl-/3-hydro5nr-coumarin 
(p. 491) {Perkin, J. 119,1284). For the formation of this compound from phenol 
andketene,see/2tC6, Am.56,1764. Phenyl ortho-acetate, CH8C(OPh}8,m.p.98® 
{Heiher, Ber. 24, 3^78). 
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PHENYL ESTERS OF DIBASIC CARBOXYLIC ACIDS. Diphenyl oxalate, 
(COOPh)*, ra.p. 136®, b.p. 191® (15 mm.) (Bischoff, Ber. 35, 3437). Ethyl 
phenyl oxalate, (C2H5)C204Ph, b.p. 236®, is obtained from ethyl oxalyl chloride 
(Vol. I, p. 538). Diphenyl malonate, m.p. 50° (Bischojf, Ber. 35, 3455). Di¬ 
phenyl succinate, m.p. 118®, b.p. 330°. Diphenyl fumarate, m.p. 161°, decom¬ 
poses on slow distillation in an atmosphere of carbon dioxide into pnenyl cinnamate 
(p. 464) and stilbene (p. 559) (Ansdiutz, Ber. 18, 1948). 

Substitution Products of Phenol 

HALOGENO-PHENOLS. Methods of formation, —(7) Chlorine 
and bromine act very readily on phenols; thus, bromine precipitates 
2,4,6-tribromophenol quantitatively from an aqueous solution of 
phenol. Both chlorine and bromine enter the ortho- and para- 
positions. First 1,2- and 1,4-mono-, then 1,2,4-di-, and finally 1,2,4,6- 
tri-substitution products are formed. At 150-180°, chlorine and 
gaseous bromine give good 3 rields of o-chloro- and o-bromo-phenols 
(Ger. Pat. 76,597). Sulphuryl chloride acts upon phenol to give p- 
chlorophenol; it readily chlorinates the free phenols, but not their 
ethers. lodo-substitution products are obtained by adding iodine 
and iodic acid to a solution of phenol in dilute potassium hydroxide 
{KekuUf Ann. 137,161): 

SCeHfiOH 4- 2 I 2 + HIO, « SCeHJ OH 4* SHjO. 

They may also be obtained by the action of iodine and mercuric oxide 
on phenol, the chief product being 2,4-diiodophenol. 

(2) In the phenol sulphonic and phenol-carboxylic acids, the sulphonic and 
carboxyl groups in the o- and p-positions to the phenol hydroxyl group are re¬ 
placed by the action of chlorine or bromine (Obenniller^ Ber. 42, 4361). (S) 

Halogen-substituted anilines may be converted into the corresponding phenols by 
diazoti^^ation and boiling. This reaction gives pure mono-halogeno-phenols. ( 4 ) 
The NO 2 group of nitrophenols may be replaced by halogen by reducing first to 
amine and then diazotising. (5) Halogen substituted phenol-carboxylic acids 
may be distilled with lime or baryta. 

The energetic bromination of phenols may result not only in the substitution of 
nuclear hyarogen atoms, but even in the elimination of other groups, c.^., nitro- 
and acetamino-groups, from the nucleus, and their replacement by bromine. 
Bromine may also substitute in the acetamino-group {Heller, J. pr. 129, 214). 

Reactions, — 1, The acidic character of phenol is greatly accentu¬ 
ated by the introduction of halogen atoms into the benzene nucleus. 
Thus, trichlorophenol readily decomposes alkali carbonates. 
When fused with caustic potash the halogens are replaced by hydroxyl 
groups (p. 185). In this reaction, especially if the temperature is 
high, the hydroxyl group does not always enter in the same position 
as the halogen replaced, but ^there is often a rearrangement into 
more stable isomers. Thus, all three chlorophenols give resorcinol. 
It is not possible, therefore, to use this reaction as a method of deter¬ 
mining consitution. 

3, The halogens are replaced by hydrogen by the action of sodium amalgam, 
or by heating an aqueous alkaline solution of the chloro-, bromo-, or iodo-phenol 
with iron filings under pressure (Ger. Pat. 396,454). 4. The bromine atoms in 
ortho- and para-positions to hydroxyl in bromophenols are readily replaced by 
NO 2 by the action of nitrous acid {Dmmer, Ann. 333,346; Zincke, J. pr. 61. 661). 

MONOHALOGENO-PHENOLS. The monochloro-phenols, in particular. 
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are characterised by an unpleasant, persistent odour. Some are powerful disin* 
fectants, e.j?., p-chloro-m-cresol and p-chloro-sj/m-xylenol (JerUic, C. 1932, I, 
1566). When fused with potash the bromo- and iodo-phonols are attacked at a 
lower temperature than the chloro-compounds, and give the corresponding di- 
hydroxy-benzenes. The o- and p-compounds give a larger yield of resorcinol the 
higher the temperature of the fusion, and the three monochloro-phenols give re¬ 
sorcinol only. 


Phenol 

1 ortho- 1 

1 meta- | 

1 para- 

M.p. 

B.p. 

M.p. 

B.p. 

M.p. 

B.p. 

Chloro-phenol 

Bromo-phenol 

lodo-phenol 

90° 

Liquid 

43° 

176“ 

195“ 

33° 

32° 

40° 

214° 

236° 

43° 

63° 

94° 

217° 

238° 

1 


lODOANISOLES and -PHENETOLES, see Reverdin, Bor. 29, 997, 1409, 
2595. 

POLYHALOGENO-PHENOLS. Direct substitution leads to the preferential 
formation of 2,4-di- and 2,4,6-trihalogeno-phenols. A tetrachloro-phenol is ulti¬ 
mately obtained on prolonged chlorination (Barral, Bull. [3] 27, 1874). For the 
iodination of phenol see Brenans^ C.r. 132,831; 134,357; Richard^ Pharm. chim. 

1902. 


Phenol 

M.p. 

B.p. 

Phenol 

M.p. 

B.p. 

2.4- Dichloro-phenol 

2 .5- Dich loro-phenol 

2 ,1-Dibronno-phenol 

2.4- Diiodo-phenol 

2.5- Dichloro-3,4,6-tribromo- 
phenol 

2.3.4.6- Tetrachloro-phenol® 

2.3.4.6- Tetral )romo-phenoP 

45° 

58° 

40° 

72° 

206° 

70° 

120 ° 

210 ° 

211 ° 

239° 

2.4.5- Trichloro-phenol'' 

2.4.6- Trichloro-phenol 

2.4.6- Tribromo-phenol 

2.3.5- Tribromo-phonoh^ 

2.4.6- Triiodo-phen ol 

3,5, G-Triiodo-pb enol« 

Pentachloro-phenol 

Pentabromo-phenol 

63° 

70° 

93° 

92° 

158° 

114° 

189° 

225° 

24G° 


® Biltz, Ber. 37, 4013. ^ Komer, Ann. 137, 209. « Kohn, Mo. 58, 73. ^ Bam¬ 
berger^ Ber. 39, 4251. • Brenans, C.r. 137, 1065. 


For the six isomeric dichloro-phenols, see TTollemannj Rec. 37, 96, and for the 
isomeric trichlorq-phenols, see Tiessens, Rec. 50, 112. 

The silver salts of tribromo- and some other poly bromo-phenols exist in two 
forms, an unstable, orange-red form, and a stable, white form. This allotropism 
is still unexplained (Hantzsch^ Ber. 40, 4875). 

The tri-, tetra-, and penta-chloro- and -bromo-phenols add on chlorine and 
bromine, with formation of chloro- and bromo-oxy-dt- and -oxy-letrahydrohenzenea. 
The halogeno-phenols can be obtained from these by reduction (Biltz, Ber. 37, 
4010). Tribromo-phenol combines with a further quantity of bromine giving 
tribromo-phenol bromide, CttHaBraOBr, m^.p. 148° (Auwers, Ann. 202, 133; 
Lewis, J. 131, 1001; Ssukneoitch, J. pr. 138| 20). This is easily reconverted into 
tribromo-phenol, but rearranges to tetrabromo-phenol, CeBr 4 H(OH) on treat¬ 
ment with cone, sulphuric acid and gives dibromo-quinone (p. 238) on digestion 
with lead acetate. Hence it should be regarded as p-keto-dihydro-telrabromo^ 
benzene: 

Br H Br H Br H 

KO< f ^ Br -> 0<f ^Br, -> 

/ sni 

(Thiele, Ber. 33,673; Castle, Am. Chem. J. 27,31). Trichloro-phenol is oxidised 
to dichloro-quinone by nitric acid (Leger, C.r., 146, 694). 
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The NitrophenoU 

The phenols are nitrated with the same ease as the anilines. The 
acidic character of the phenols is considerably enhanced by the 
introduction of nitro-groups. The nitrophenols themselves decom¬ 
pose the alkali carbonates. Trinitrophenol is a true acid. Its 
chloride, C 6 H 2 (N 02 ) 3 C 1 , is decomposed by water with re-formation of 
trinitrophenol (p. 63). Halogens are readily introduced into the 
benzene nucleus of nitrophenols, whereas the nitro-hydrocarbons are 
rattier difficult to chlorinate. 

The nitro-groups replace the o- and p-hydrogen atoms relative to 
hydroxyl, and enter m-positions to each other, according to the 
scheme: 


C.H5OH 


\ 


/OH [1] 

C«Il 4 < 

[ 2 ] 


C, 


/Oil 

NMO 


[1] 
NO 2 [4] 


/OH [1 

CeH,^N02[2] . 

\n02 [6 


/OH 

C«H,^N02 

\N02 


11 

0!l / 



2 

4 
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The free nitrophenols, which arc cither colourless or slightly yel¬ 
low, are undoubtedly true phenols, but their salts which are intensely 
coloured in shades ranging from yellow to red are very probably de- 

O 

rived from a hypothetical nitronic acid, 0=C6H4=N—OH, the oci- 
nitrophenol form (Hantzsch, Ber. 39, 1084), like the coloured salts of 
the nitroparaffins. 

Strong evidence for this view is given by Hantzsch^s observation 
(Ber. 39, 1073) that the nitrophenol ethers exist in tw^o isomeric 
forms. Although the normal ethers are colourless, small quantities of 
intensely red, very unstable ethers are obtained by the action of alkyl 
halides on the silver salts of nitroparaflBns. They isomerise spon¬ 
taneously to the colourless ethers, and are rapidly hydrolysed by 
water, the nitrophenols being regenerated. These unstable ethers 
(correspond to the highly coloured salts of the nitrophenols, and their 
structure is most probably quinoid: 0=C6H4=N00CH8. Only 
the colourless normal ethers of m-nitrophenols have so far been ob¬ 
tained, which agrees with the fact that m-quinones do not exist. 

Attempts to isolate the acz-forms of free nitrophenols have hitherto 
failed. However, although some of them (such as p-nitrophenol, 
2,4-dinitrophenol, etc,) are colourless in the solid state, others (such as 
o-nitrophenol) are yellow, and Hantzsch believes that the latter are 
to be regarded as solid solutions of a certain amount of an oci-form 
in a large excess of the true colourless nitrophenol. 

MONONITROPHENOLS, NO 2 .C 6 H 4 .OH. When dilute nitric 
acid acts upon phenol, 0 - and p-mononitrophenols are formed. In 
the cold, the 2 >-compound is the chief product; at —67® under the 
influence of electrical sparks, the yield of the p-compound is five 
times that at —40® {Pictet^ C.r. 116, 816). The 0 - and p-compounds 
are separated by steam distillation, the p-compound not being vola- 
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tile, or by means of acetylene dichloride (Afann, Ch. Ztg., 56, 642). 
In the presence of sulphuric acid, phenol is nitrated by nitrogen 
dioxide {Armstrong^ Proc. 1891, 91). The first product in the nitra¬ 
tion of phenol is a nitroso-compound; nitric acid dissociates into O + 
HNO 2 , and it is the latter which effects the nitrosation. More nitric 
acid converts the NO into a NO* group, with formation of HNO 2 
(KartascheWf J. Russ. Phys. Chem. Soc. 62, 2129). 

o-Nitrophenol, together with a little of the p-compound, is also obtained by 
heating nitrobenzene with dry caustic potash (p. 59), and from the reaction 
product of nitrobenzene and sodium by passing air through it. o- and p-Nitro- 
phenols are obtained from the corresponding chloro- and bromo-nitrobenzenes by 
the action of caustic potash at 120®. Under these conditions, m-bromonitroben- 
zene does not react. Similarly, o- and p-uitrophenol are obtained from the corre¬ 
sponding nitranilines by heating with alkalis. w-Nitrophenol is prepared from 
ordinary dinitrobenzene, which is reduced to m-nitraniline. This is converted 
into the diazonium sulphate, and finally by boiling with dilute sulphuric acid into 
m-nitrophenol. For its preparation, see Meldola, J. 103, 876. p-Nitropheriol has 
bee?n made from aliphatic compounds by acting on nitromalonic aldehyde with 
acetone (p. 25). It is obtained by oxidation of p-nitrosophenol with nitric acid 
{Robertson, J. 81, 1475). When benzene is nitrated in the presence of mercuric 
nitrate, o-nitrophenol is formed together with some polynitrophenols (Ger. Pats. 
194,883 and 214,045). 

Methyl ether Ethyl ether 

o-Nitrophenol, m.p. 45®, b.p. 214®.m.p. +10®, b.p. 273®....b.p. 267® 

m-Nitrophenol, m.p. 96®.m.p. 38®, b.p. 258®.m.p. 34® 

p-Nitrophenol, m.p. 114® (two forms)_m.p. 55®, b.p. 260®.m.p. 60® 


0 - and w-Nitrophenols form yellow crystals. The m-compound is fairly soluble 
in water. The o-oompound has a sweetish taste. Its sodium salt forms dark-red 
prisms. The almost colourless «-form of p-nitrophenol crystallises from toluene 
above 63® 1 and the yellowish iS-form below this temperature. Both form prismatic 
(crystals (C. 1916, I, 299). p-Nitrophenol crystallises from hot water in colour¬ 
less needles, and its potassium salt in golden-yellow needles with 2 H 2 O. With 
mercuric oxide or acetate the nitrophcnols first give true mercury phenates, 
(N02CeHi0)8Hg, which change to mercuri-nitrophenols, with migration of Hg 
into the nucleus. These hitter readily form highly coloured mercuri-anhydrides, 

vNOv 

presumably derived from the structure 0:CeHa<^ {Hantzsch, Ber. 39, 

1105). On bromination, p-nitrophenol gives 2,6-dibromo-4-nitrophenol, m.p. 
141®. 4,6-Dibromo-2-nitrophenol, m.p. 117®, is obtained by the action of ethyl 
nitrite on an alcoholic solution of 2,4,6-tribroraophenol. See p. 197 for the dis- 

C lacement of Br by NO2 in broinophenols. o-Nitrophenyl-ether, PhO • • NO2, 

.p. 233® (60 mm.). p-Nitrophenyl-ether, m.p. 65® (C. 1916, II, 2009). 0 , 0 '- 
Dinitrophenyl ether, (N02-C«H4)20, m.p. 114® {Ullmann, Ber. 29, 1880; Haas- 
Hermann, Ber. 29, 2084; Cook, Am. 25, 60). 

DINITROPHENOLS (N02)2C2ll20H. a- or 2,4-Dinitrophenol, m.p. 114®, 
and /3-, or 2,6-dinitropnenol, m.p. 64®, are both produced in the nitration of 
phenol (Marqueyrol, Bull. 25,370,375), or of o-uitrophenol, and the a-compound 
in the nitration of p-nitrophenol. They can also be obtained by the action of 
alkaline potassium ferricyanide on m-dinitrobcnzenc. The a’-methyl ether, m.p. 
86®, is converted into 2,4-dinitraniline by heating with alnmonia (c/. picric acid). 
Three isomeric dinitrophenols of m.p. 104®, 134 , and 141® are produced by the 
nitration of m-nitrophenol (Ilolletnan, Rec. 21, 432; Steinmetz, C. 1915.1, 884). 
On further nitration these give trinitrophenols and trinitroresordnol (p. 223). 
sym-Dinitro-phenetole, C2HftO[l]C6Hs[3,5](NOf)t, m.p. 96® is obtained by the 
action of sodium ethylate on trinitrobenzene ( Vermevien, Rec. 25, 12). 

TRINITROPHENOLS. Picric acid, (NO,),C,H,OH, m.p. 122°, 
is produced by the nitration of phenol, of 1,2- and 1,4-nitrophenoIs, 
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and of the two dinitrophenols. It is also obtained by the oxidation of 
sym-trinitrobenzene with potassium ferricyanide. This indicates 
that it is 2,4,6-trinitrophenoI. It can be obtained from benzene in 
one operation by the action of nitric acid in the presence of mercuric 
nitrate {Vignon^ Bull. 27, 547). It is produced when a large number 
of organic substances, such as indigo, aniline, resins, silk, leather, 
wool, etc.j are treated with nitric acid. 

History,—Woulfe (1711) found that when indigo is treated with nitric acid a 
liquid is obtained which colours silk yellow. In 1799. Welter prepared pure picric 
acid by nitrating silk, and it was accordingly called ‘‘Welter's bitter." Liebig 
called it carbon-nitrogen acid or carbazotic acid. Dumas analysed the acid and 
called it picric acid from the Greek pikros, bitter. Laurent (1848) recognised it as 
a derivative of phenol. 

Properties ,—Picric acid crystallised from hot water or alcohol in 
yellow leaflets or prisms, and has a very bitter taste. It dissolves in 
160 parts of cold water, and fairly freely in hot water. It dyes silk 
and wool a beautiful yellow tinged with green from an acid bath. On 
heating it sublimes without decomposition. 

Reactions, —Picric acid combines with many benzene hydrocarbons, such as 
benzene, naphthalene, anthracene, and with many other aromatic compounds, 
forming molecular compounds, which crystallise very well, and can be used for 
characterising and separating aromatic hydrocarbons of high molecular weight 
(Jefremov^ J, Russ. Phys. Chem. Soc. 50, 372). Chlorine or phosphorus penta- 
chloride convert picric acid into picryl chloride (p. 63). When a i^lution of 
barium picrate is boiled with barium hydroxide, hydrogen cyanide is formed. 
When a hot aqueous suspension of bleaching powder acts upon picric acid, 
chloropicrin, CCla(N02) (Vol. I, p. 485) is formed. By the action of potassium 
cyanide on picric acid, potassium isopurpurate, C 8 ll 4 N 50 eK, is formed in brown 
leaflets with a greenish-golden lustre. This was formerly on the market under the 
name of grenat soluble, Isopurpuric acid can be obtained from its potassium salt 
by the addition of phosphoric acid. It is dark-violet in colour, and according to 
its reaction products its structure must be Ce(2,6](CN)2[l,31(N02)2[4,5](0H)- 
(NHOH). o,p- and o,o-Dinitrophenols and other polynitrophenol derivatives 
react similarly with potassium cyanide (Borsche, Ber. 37, 1843, 4388 ; 38, 3538, 
3938). 

Salts and ethers. —^The potassium salt, C6H2(N02)80K, c^stallises in yellow 
needles which dissolve in 260 parts of water at 15®. The sodium salt dissolves in 
10 parts of water at 15°, and is separated from its solution by the addition of so¬ 
dium carbonate solution. The ammonium salt forms beautiful large needles, and 
is used ill explosive mixtures. All the picrates explode with great violence when 
heated or struck. 

Methyl ether, 2,4,6-iw«7roam8o?c, m.p. 65®, obtained by nitrating anisole. 
combines readily with tertiary alkylamines, forming picrates of N-alkylated 
quaternary bases (Kohn, Mo. 34, 1751). Ethyl ether, m.p. 78°. is obtained from 
picric acid and orthoformic ester (Waliher, J. pr. 91, 258). Additive salts are 
formed from these ethers and sodium alkylates, in the same manner as from tri¬ 
nitrobenzene (p. 61) {Brady^ J. 127, 2230). The alcoholysis of the two ethers 
has been investigated by Brady (foe. dt,), oci-Trinitrophenol-methyl ether, 

0:C6H2(N02)2:N<f , m.p. 40-42®. Ethyl ether, m.p. 52®. 

2,3,6-Trinitrophenol, m.p. 117°. 2,4,5-Trinitrophenol, m.p. 96®. These two 
compounds are among the products obtained by further nitration of dinitrophenols 
derived from m-nitrophenol. 2,3,4-Trinitroaiiisole, m.p. 156® is obtains from 
2,3-dinitroanisole {Vermeulen^ Rec. 31, 101). ^3,5-Trinitroanisole, m.p. 104®. 
3,4,5-Trinitroanisole, m.p. 119-120®. 3,4,6-Triiiitroani80le, m.p. 106-107® 
( Vermevlen^ Ak. Amst. 20, 807). 
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Tetranitrophenoly m.p. 130°^ forms golden yellow needles, and is highly ex¬ 
plosive. It is obtained by oxidising diquinoyl-trixoime (p. 242). The position of 
the nitro-groups is unknown {Nietzki, JBer. 30. 184). 2,3,5,6-Tetranitroanisole) 
exists in two forms, m.p. 112® and 164® (Blanksma, Rec. 23, 111, 119). 

NITROCRESOLS. o-Nitro-p-cresol, N02[2]CHs[4]C«H80H, m.p. 79®, and 
p-nitro-o-cresol, m.p. 118®, are propar^ in a pure state from the corresponding 
nitrotoluidines. The former is also easily obtained by nitrating p-cresol carbonate 
and hydrolysing the product. m-Nitro-p-cresol. m.p. 32®, which is simultaneously 
formed, is volatile with steam, and can thus be separated (Ger. Pat. 206.638; 
Holleman^ Rec. 36, 271). It is decomposed by the action of fumjng sulpnuric 
acid, isoprene-lactonic acid being formed (p. 29) {Pauly^ Ann. 416, 1). By 
further nitration of the methyl ethers of o-nitro-p-cresol, and /)-nitro-o-crasol, 
o-dinitro-compounds are obtained {Kaufler, Ber. 34, 2238). Dinitro-derivatives 
are readily obtained by nitration of o- and p-cresols. One of these, 2,6-dinitro-p- 
cresol, m.p. 84®, is used in the form of its sodium salt as an orange-yellow dye, 
known as victoria orange or saffron substitute. Dinitro-o-cresol, in the form of 
solutions of its salts, is used as an insecticide, under the name of antinonnin, 
especially for combating Ocenaria nionacha (Ber. 27, II316). 2,6-Dinitro-4-tert.- 
butyl-w-cresol methyl ether, m.p. 85®, obtained by nitrating 4-tert.-butyl-m- 
cresol methyl ether, m.p. 23.4®, or aceto-wo-butyl-m-oresol methyl ether, m.p. 
91®, is used in perfumery as a synthetic musk (ambretto mush) (Darzens, C.r. 
193, 321; Seide, C. 1933, I, 603). When m-cresol is nitrated a trinitrocresol, 
(N02 )iC 6H(CH8)0H, m.p. 106®, is formed. It is also obtained from nitrococcic 
acid (p. 363), and by nitrating thymol (p. 190) (C. 1901, II, 411). Tetranitro-w- 
resorcinol, m.p. 175® (C. 1908, I, 724). Nitroxylenols, see Diepolder, Ber. 42, 
2917. 

Nitration of p-tert.-butyl-phenol, m.p. 97® produces 2,6-dinitro-4-tert.-butyl- 
phenol, m.p. 96®, and tliis, when vigorously nitrated, loses a methyl group and 
becomes tetranitro-p-iso-propyl-phenol, m.p. 122-123'^ (Schaaf. J. pr. 133, 173). 

HALOGENO-NITROPHEjCIOLS. Numerous halogeno-mtrophenols have 
been prepared by the action of halogens on nitrophenols, or by nitrating halogeno- 
phenols {Meldola^ J. 73 , 681). p-Nitro-o-iodoanisole, C6H8[4]N02[2]1[1)- 
OCHj, is formed, rather unexpectedly, by the nitration not only of o- but also of 
p-iodo-anisole. In the latter case the iodine atom migrates {Reverdm, Ber. 29, 
997; Robertson, J. 101, 1964). This mij^ation of the halogen in the nitration of 
p-halogeno-phenols has been further studied by Gibbs and Robertson, J. 105, 1885. 


Nilrosophenols 


The p-nitrosophcnols are desmotropic with the quinone-monoximes 


-N==0 0= 


N—OH 


i.e.y the two molecules are so readily converted into each other by a 
migration of a H atom (prototropism) and a simultaneous change in 
the system of linkages, that the formation of the oxime of the quinone 
and the introduction of a nitroso-group into the phenol, or the intro¬ 
duction of a hydroxyl group into the nitroso-compound, results in the 
same product {Goldschmidt, Ber. 17, 801). General experience with 
desmotropic substances (Vol. I, p. 48) indicates the existence of an 
equilibrium between the two kinds of molecules in the liquid or dis¬ 
solved state. In the solid state quinone-oxime and nitrosophenol 
may exist as separate individuals, and the one or the other may be 
produced regardless of the method of preparation. In the anion of 
their alkali salts the system of linkages is probably not fixed in the 
5 vay indicated by either of the above formulae. For o-nitroso- 
phenols a corresponding desmotropism with o-quinone-monoximes is 
to be assumed. 
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Nitrosophenols are formed: 1. By the action of nitrous acid on 
phenols {Boeyer, Ber. 7, 964; c/. Hodgson^ J. 1932, 866) when the 
monohydric phenols form mononitroso-compounds, and mr-dibydroxy- 
benzenes, such as resorcinol, form dinitroso-compounds. 

The method may be used as follows: (a) Nitrous acid, produced by the action 
of dilute sulphuric or acetic acid on alkali nitrites, is allowed to act on phenols 
{Baeyer^ Ber. 7, 967; 8, 614). (6) The nitrites of heavy metals are decomposed 

by phenols themselves {Kohler^ Ber. 16, 3080). (c) Nitrosyl-sulphuric acid, 
NO-OSOgH, or nitrosyl chloride, NOCl, arc allowed to act on phenols {Stenhouse, 
Ann. 188, 3^; Nieizki. Ber. 21, 429). (d) Amyl nitrite and sodium phenates are 
allowed to interact {Goldschmidt, Ber. 17, 803). 

2. By boiling p-nitroso-alkylanilines, such as p-nitroso-dimethyl- 
aniline (p. 105) with alkalis: 

NO[4]C«H4[l]N(CIIa)2 + KOH = NO[4]C«H4[l]OK -f NH(CHj) 2 . 

5. By reducing an acetic acid solution of o-nitrophenol with zinc 
dust, when o-nitrosophenol is formed (Baudisch, Ber. SI, 1058). 

4 . By oxidising aininophenol ethers with permonosulphuric acid, 
or hydroxylaminophenol ethers with ferric chloride or silver oxide, 
and hydrolysing the resulting ethers. 

5. By acting on aqueous or alcoholic solutions of quinones with 
hydroxylamine hydrochloride (free hydroxylamine reduces quinones 
to hydroquinones) (Goldschmidt j Ber. 17, 2061). 

o-Nitrosophenol, HO‘C«H 4 [ 2 ]NO. o-Anisidine is oxidised by Caro\s acid to 
o-nitrosoanisole, CH 30 C 6 tl 4 [ 2 ]N 0 , m.p. 103°, which is hydrolysed by potassium 
bisulphate to e-nitrosophenol {Baeyer, Ber. 35, 3036). The reaction is analogous 
to the oxidation of aniline to nitrosobenzene. For the preparation of o-nitroso- 
phenol from o-nitrophenol, see above. Another method consists of reducing 
o-nitroplicnol p-toluene sulphonate to a hydroxylamine, oxidising this with silver 
oxide and hydrolysing the nitroso-ester {Baudisch, Ber. 48, 1660). P^or prepara¬ 
tion from o-anisyl hydroxylamine see Muller, Ann. 495, 143. o-Nitrosopnenol 
forms greenish yellow needles, and is exceedingly volatile. Its solution in ligroin 
is green, and its potassium salt forms dark-red leaflets. With heavy metals it 
forms intensely coloured complex salts, and can be used for detecting minute traces 
of copper {Baudisch, Ber. 48, 1660; 51, 1058). m-Nitrosoanisole, m.p. 48°, is 
obtained from wj-nitroanisole {Bautlisch, Ber. 48, 1665). 

p-Nitrosophenol, quinone monoxime, is also produced from 
nitrosobenzene by the action of caustic soda (Bamberger, Ber. 33, 
1954). It crystallises from hot water in slender, colourless needles, 
which readily turn brown, and from ether in large brownish-green 
flakes. It dissolves in water, alcohol, or ether with a bright green 
colour. It melts with decomposition on heating. Its sodium salt 
crystallises in red needles with 2 H 2 O. 

In their conversion into quinone-dioxime, the formation of nitrosophenol 
hypochlorites, C 6 H 4 ( 0 )NOCl, by the action of hypochlorous acid, and in their 
feebly basic character, the nitrosophenols have the characteristics of quinone- 
oximes {lAebermann, Ber. 18, 3198; MdMaw, Ber. 19, 280). When p-nitroso- 
phenol is methylated quinone-methoxime, 0;(J«H4:N0CH3, m.p. 83°, is formed, 
and not nitrosoanisole. p-Nitrosoanisole, CH80C6H4[4]NO, m.p. 23°, is ob¬ 
tained by oxidation of p-anisidine with permonosulphuric acid (Caro's acid) or 
by the action of ferric chloride on p-anisole-hydroxylamine {Rising, Ber. 37, 44). 
It is easily hydrolysed by dilute sulphuric acid to p-nitrosophenol {Baeyer, Ber, 
35 , 3034). 
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It is not yet possible to say which crystalline form of p-nitrosophenol has the 
nitrosophenol formula and which the quinone oxime, though the green colour of 
the crystals deposited from ether solution seems to indicate that these are the 
true nitrosophenol. Arkderson and Geiger (Am. 54, 3064) by comparing the ab¬ 
sorption curves of the ether solution with those of the two methyl ethers, conclude 
that the substance is prCvsent to the extent of 70% as quinone monoxime at equilib¬ 
rium. Hodgson (J. 1Q31, 1494) has shown that when an ether solution of aiazo- 
methane acts on p-nitrosophenol, the glyoxime dinitron of p-nitrosoanisole is the 
chief product. This is clearly derive^ from the nitrosophenol molecule. At the 
same time a smaller quantity of quinone-monoxime 0-methyl ether is formed. 
It follows that both forms must be present in the original substan('.e, but that the 
nitrosophenol predominates. 

The Tiitrosopheriols can be converted into nitrosoanilines. By the action of 
hydrochloric acid nitrosophenol is converted into dichloroaminophenol, and this 
with nitrous acid and hydroxylamine gives '‘p-diazophenor': 

IlOCai,NO — (IIOCJl4N,OH)-> 0 ;C.H 4 :N 2 . 

In a similar way it forms azo-compounds (p. 208) with amines. It is readily re¬ 
duced by phenylhydrazine to aminophenol (Plancher, Gazz. 25, II, 379). For 
the action of diazonium compounds see Borsche^ Ber. 32, 2935; Ann. 312, 211. 
On adding a little concentrated sulphuric acid to a mixture of nitrosophenol and 
phenol, a deep-red colour is produced, turning deep blue on addition of alkali 
(Liebermann’s reaction, p. 186). For halogenated nitrosophenols, see Hodgson^ 
J. 1931,1494. 

Nitroso-o-cresol, m.p. 134®, is obtained from <;-cresol (p. 189) or from tolu- 

2 uinone (p. 238). For a bluish-violet dye obtained from p-nitroso-o-cresol, see 
C. 1928, I, 1025. Nitroso-rw-cresol, m.p. 155® (Mekn>e, Ber. 21, 729; 
Cecelsky^ Mo. 20, 779). Nitrosothymol, m.p. 163® (Goldschnndl, Ber. 17, 2061; 
Kehrrmnn, Ann. 310, 89). 


A minophenols 

The aminophenols are obtained by the reduction of nitro- or nitroso¬ 
phenols, or hydroxyazo-coinpounds (p. 209; Oddo, Ber. 38, 2751). 
Ammonium sulphide reduces some of the nitro-groups of polynitro- 
phenols, while tin and hydrochloric acid reduces them all (p. 72). 
For special methods of formation see m- and p-aminophcnol. 

Reactions .—The free aminophenols decompose readily, especially 
when exposed to moist air or light. The acidic nature of the phenols 
is much less marked when the amino-group is present (c/. however, 
Raikov, Chem. Ztg. 27, 781). The three aminophenols form coloured 
double compounds with the zinc halides (C 6 H 70 N) 2 ZnHal 2 (Koppitz, 
J. pr. 88, 744). They give aminophenoxyacetic acids with chloracetic 
acid {Jacobs, Am. 39, 2188). 

Like the o-phenyleno-diamines, the o-aminophenoLs readily form heterocyclic 
compounds, anhydrobases, benzoxazoles, which correspond to the benzimidazoles. 
Similar compounds^ benzothiazoles are derived from the o-arainothiophenols. 
Amino- and acetaminophenol ethers, see Heidelberger, Am. 41, 1450. 

o-AminoDhenol, NH2[2JCeH4[l]OH, m.p. 170®, has been prepared by Brown 
and Carrick (Am. 41, 436) by hydrogenating o-nitrophenol catalytically at 265® 
in the presence of copper or nickel. It is only slightly soluble in water. o-Anisi- 
dine, NH2[2]CeH4[l]OCHi, b.p. 218®; acetyl-compound, m.p. 75®. 3-Amino- 
4-h;frdroxytoluene, NH2[3]CeHi[l]CHj[4]OH, m.p. 133-134®, is obtained from 
o-mtro-p-cresol by electrochemical reduction in sodium carbonate solution {Bradt, 
J. Phys. Chem. 34, 2711). 

o-Imino-diphenyl oxide, phenoxazine. 


O 


^NH, is dealt with under the 
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diheteroatomic six-mexnbered heterocyclic compounds; see also pyrocatechol, 

p. 218. 

Methylation of the amirw-group in o-^iminophenoL —Wlien a methyl alcoholic 
solution of o-aminophcnol is treated with methyl iodide and caustic alkali, and 
after the methylation is complete, hydriodic acid is added, the iodide of an am¬ 
monium base is obtained. From this the ammonium hydroxide itself can bo pro¬ 
duced by treatment with moist silver oxide. The hydroxide loses water at 105®, 
and is converted into a cvclic ammonium compound resembling a betaine (Vol. I, 
p. 380), which is regarded as o-trimethyl-ammonium-phenol. It rearranges to 
o-dimettiyl-anisidine when heated. The hydrochloride of the ammonium base 
decomposers into methyl chloride and o-dimethytaminophenol, m.p. 45®. 


/N(CH3),C1 [11 

C«II< ^ 

NdII [2] 

0-1 fydroxyphenyl- 
tnmethyl-ammonium 
chloride 


/N(CH,), ID 
C,H4< 

N)H [2] 

o-DimethylaininophenoI 


c.u<“ 


N(CH.),OH [1] 
OH [2] 


o-Hydroxyphenyl- 

trirnethyl-ammoniurn 

hydroxide 


/N(CH.), [1] 
C,H,< I 

N) [2] 

o-Anhydro-hydroxy 
phenyl-tri methyl-am¬ 
monium hydroxide 


/N CH.), 1 
\OCH, [2] 

o-Dimethyl*anisidine 


o-Methylaminophenol, CH3NH[2]C9H4| l]OH, is obtained from o-methyl- 
anisidine, C6H4(NHCHa)OCH3. Mixed with hydroquinone, its sulphate is used 
as a photographic developer under the name ‘‘OrtoF^ (Drevolder, Ber. 32, 3514); 
cf. also Meiol. o-Hydroxyethyl-anisidine, HO*CH2CHjNHl2]CeH4[l]OCHi, 
b.p, 305®, is obtained from o-anisidine and ethylene chlorhydrin. 

o-Formylaminophenol, CHO-NHCell^OH, m.p. 129®, is obtained from o- 
aminophenol and formic acid and also, togetWr with anthranil^ by the oxidation 
of o-aminobeiizaldehyde with permonosulphuric acid, presumably owing to a 
rearrangement of O’-hydroxylainino-henzaldehyde, CHO-C 6 H 4 NHOH. At 160- 
170® it is converted into bemoxazole (Banirberger, Ber. 36. 2042). For acylated 
o-aminophenols, see Tingle^ Am. 37, 51. When an aminopnenol has two different 
acyl groups, one in the amino-group and the other in the hydroxyl, these acyl 
groups soin(rtimes change places in alcoholic solution, the “heavier” group 
wandering from the amino-radical to the OH group. Thus, n-beiizoylamino- 
phenyl acetate becomes o-acetamino^henyl benzoate (BclL J. 1931, 2962). 

o-Hydroxyphenyl-methane, C2HbCOO-NH[2]CeH4[l]OH, m.p. 86®, is ob¬ 
tained by reduction of o-nitrophenyl-etliyl carbonate, through a rearrangement of 
the o-amino'oiienyUethyl carbonate NH 2 [ 2 ]C 6 H 4 [lJO-COOC 2 H 5 , first formed. 
The hydrochloride has m.p. 151® (liatbsom. Am. Ch. J. 23, 1; Stieglitz, Am. Ch. 
J. 31,468; 32 13). This change of an 0-acyl to an isomeric N-acyl compound is 
quite a general reaction t>f o-aminophenols, and it takes place so readily that O- 
acyl-o-arainophenols can \isually not be isolated. Cf. the similar changes of o- 
hydroxy-benzylaraines and o-amiiiobenzoyl alcohols {Auwers, Ann. 332, 159; 
364 147). 

o-Hydroxyphenylurea, NH2CONH[21C6H4[l]OH, m.p. 154®. o-Hydroxy- 
phenylthiotirea, NH2CSNH[2]C6H4ll)OH, m.p. 161®. o-Hydroxydiphenylamine 
OH[2]C«H4lllNHCcH6, m.p. 70®, is obtained by the action of acetyl or benzoyl 
peroxide on diphenylamine (Gambarjan, Ber. 42, 4003). 

CONDENSATIONS OF o-AMINOPHENOLS. (/) o-Aminophenol gives 
henzoxazoles with carboxylic acids, e.g., 2-methylbenzoxazole with acetic apid. 
(S) With phosgene it gives 2~hydroxyhenzoxazole or carbofiyl-amino-nhenol. The 
latter is also obtained by heating o-hydroxyphenyl-urea. (3) Hyuroxyphenyl- 
thiourea gives 2-lhiohemoxazole^ known as o-hydroxyphenyl mmtard oil, on heating. 
(4) o-Hydroxyethyl-anisidine (see above) is converted into henzomorpfioline 
when heated with HCl. (S) Oxidising agents convert o-aminophenol into hydroxy- 
phenoxazime. o-Aminophenol condenses with catechol to give phenoxazine. 
These products are dealt with in detail in Vol. IV. 
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m-Aminophenol, m.p. 122®, is obtained from /n-uitrophenol {Bamhlin^ Ber. 
11, 2101), from the oxaminic compound of m-pheiiyleno aiamine (Ger. Pat. 77,- 
131), by fusing metanilic acid with caustic soda {Metjar, Ber. 32, 2112), and by 
heating rc^soi'cinol with ammonium chloride and an aqueous solution of ammonia 
at 200®. Bromination in acetic anhydride yields 2,4,6-tribromo-3“aminophenol, 
m.p. 119® (Bamberger, Ber. 48, 1354). 2,4-Dinitro-3-aminophenol, m.p. 225® 
(Bamberger, Ber. 49, 1257). Monoalkyl-m-aminophenols, Ger. Pats. 48,151 and 
76,419. Dimethyl-ra-aminophenol, C 6 H 4 (OH)-N( 0113 ) 2 , m.p. 87®. Diethyl- 
m-aminophenol, b.p. about 280®. w<-Aminophenol and its derivatives are used 
in making rhodaminc dyes (q,v.). For the action of phosgene on alkylated m- 
aminophenols see Meyenhurg, Ber. 29, 501. m-Hycfroxyphenyl-trimethyl-am¬ 
monium hydroxide, C 6 H 4 [ 1 ] 0 H[ 3 ]N( 0 H 3 ) 30 H (HantzschyQov, 29, 1533). 

p-Aminophenol, m.p. 184® (decomp.), sublimes at its m.p. It is obtained (1) 
from p-nitrophenol; (2) from /3-phenylhydroxylamine (p. 69); (5) by electro- 
cliemical reduction of nitrobenzene in sulphuric acid solution (Birgkam, Am. 
Electroch. Soc. 61, 1932), due to the rearrangement of jS-phenylhydroxylamine 
first formed; (4) from 5-amino-salicylic acid by loss of carbon dioxide; (5) by 
heating p-chlorophcnoi with ammonia in presence of copper (Ger. Pat. 205,415); 
(6) from p-amino-alkoxybenzenes by removing the alkyl group by means of 75% 
sulphuric acid at 160® (Br. Pat. 293,792). 

p-Aminophenol is used as a photographic developer under the name of Rodinal 
(Ger. Pat. 60,174). It is oxidised by silver oxide to quinonc-raonoimine (p. 242), 
and by chromic acid, or lead dioxide and sulphuric acid to quinone. Bleaching 
powder converts it, and its halogen sub.stitution products into quinone-chlor- 
imincs. p-Aminopiienol reacts in the same way, and as readily as phenyl- 
hydrazine, with aldehydes and ketones in dilute acetic acid (Michaelis, Ber. 27, 
3005). The bromination of p-aminophenol and p-aminophenetole has been stud¬ 
ied by Fuchs (Mo. 38, 331). 

p-Methylaminophenol, m.p. 87®, is obtained by heating hydroquinone with 
methylamine in a sealed tube to 200® (Harger, Am. 41, 270), or by heating p- 
hydroxyphenyl-glycine, when carbon dioxide is eliminated (U. S. Pats. 1,844,844 
and 1,844,926).. The sulphate, m.p. 250-260®, is the photographic developer 
Metol. p-Amindphenol condenses with chloracetic acid and sodium acetate to 
p-hydrbxy-pheny]Q;lycine, HOC6H4NHCH2COOH, m.p. 220-245®; the nitrile 
of tills acid, m.p. 100®, has been obtained by the action of formaldehyde and 
sodium bisulphite on p-aminophenol, and replacing the sulphonic group in the 
product with CN (Galatis, Helv. 4. 674). When p-aminophenol is condensed with 
chlorohydrin or glycide, N-dihydroxypropyl-p-aminophenol^ m.p. 192®, is ob¬ 
tained. The two last-named compounds are photographic developers (Ger. 
Pats. 343,994 and 345,471). 

p^Aminopkenol ethers are obtained by reduction of p-nitrophenol ethers (Spiegel, 
Ber. 34^ 1935). or by a rearrangement of /3-phenylhydroxylamine in alcoholic 
sulphurio acid (Barnherger, Ber, 33, 3602). Methyl ether, p^nisidine^ b.p. 246®. 
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p-Aminophenyl ether, PhOC 6 H 4 NH 2 , m.p. 82” is obtained from p-nitrophenyl 
ether by the action of iron and acetic acid (Maith^ C.r. 154,1240). 

p-Aminophenetole, p-phenetidine, NH2[41C6H4[l]OC2H^ b.p. 242” is con¬ 
verted by boiling acetic acid into p-acetaminophenetolej CHiCOnH[ 4]C«H4[11- 
0C2H#, which is known as phendcetin , an antipyretic. It is a mixture of two forms, 
on© stable, m.p. 134-135”, and the other metastable, m.p, 128-129”. When 
acted upon by 80-90% sulphuric acid, phenacetin undergoes a remarkable de¬ 
composition into ethyl acetate and p-aminophenol (Cohn, Ann. 309, 233). On 
prolonged boiling with an excess of acetic anhydride, phenacetin is converted into 
diacetyl-phenetedin, (CH3C0)2NC6H40C2H5, m.p. 64”, b.p. 182” (12 mm.). 
This compound, and p-e&oxyphenyl-succinimide, pyrantin, (CH 2 CO) 2 NC 6 H 4 - 
OC 2 H 5 , m.p. 156®, have a similar action to phenacetin. Pyrantin is said to bs 
more free of after-effects than phenacetin. p-Phenetolecarbamide, dulcin, 
NH2CO-NH[4]CeH4[l]OC2H6, m.p. 173-174”, is obtained by the action of urea, 
or carbonyl chloride and ammonia, on p-phenetidine, or by heating di-p-phene- 
tole-urea with urea, or ammonium carbamate or carbonate. It is difl&cultly sol¬ 
uble in cold water, out dissolves freely in warm water, and possesses a very sweet 
taste, about 200 times more sweet than canc sugar (Ger. Pats. 77,310 and 77,420). 
The effect of substituents on the taste has been investigated by Thoms. 

m-Hydroi^-diphenylamine, PhNH[3]C6H4[l]OH, m.p. 82®. b.p. 340”, and 
p-hydro 2 y-diphenylamine, m.p. 70®, b.p. 330®, are prepared by heating re¬ 
sorcinol and hydroquinone with aniline and zinc chloride (Limpricht, Ber. 22, 
2909; homoio^es, see Gnehm, J. pr. 65, 49). 2,4-Dinitro-4'-hydroxydiphenyl- 
amine, red needles, m.p. 195-196®, is obtained from p-aminophenol and 4-chloro- 

I, 3-dimtrobenzene by the action of sodium acetate in boiling alcohol (Meldola, 

J. Ill, 546, 551). p,p-Dihydroxy-diphenylamine NH(C6H4[4]OH)2, m.p. 174®. 
is obtained from hydroquinone by heating with ammonia or p-aminophenol 
(Schneider, Ber. 32, 689). The hydroxy-diphenylamines are closely related to the 
indophenol dyes (c/. quinones, p. 245). p,p'-Amino-hydroxy-diphenylamine, 
NH 2 CeH 4 NHC 4 H 40 H, m.p. 166®, is prepared by reducing the corresponding nitro¬ 
compound (Ulhnann, Ber. 42, 1080), or by oxidising a mixture of p-phenylene- 
diamine and phenol with hypochlorite in the presence of a copper salt (Ger. Pat. 
204,596). An alkaline solution of p-amino-p-hydroxy-diphenylamine soon ac¬ 
quires a blue colour due to the formation of mdamine (p. 247). p,p-Dimethyl- 
amino-hydroxy-diphenylamine, (CHs) 2 N-C 8 H 4 NHC«H 40 H, m.p. 161®, see 
Gnehm, Ber. 35, 3085. 

Hydroxyphenyl mustard oils of the para series, HO[4]C6H4[l]NCS, are pro¬ 
duct in the same way as the mustard oils (p. 98). p-Aminophenol or its ethers 
are acted upon by ammonia and carbon disulphide, giving ammonium dithio- 
carbamates, Ar-NH'CS 2 *NH 4 , and these are treated with carbonyl chloride. 
p-Hydroxyphenyl mustard oil, m.p. 43°, anisyl mustard oil, b.p. 164* (37 mm.); 
phenetyl mustard oil, m.p. 62” (Slotta, Ber. 63, 888). 

DIAMINOPHENOLS. 2 4-Diamino5henol, (NH2)2[2,4]C6H3[l]OH is ob¬ 
tained from 2,4-dinitrophenol by catalytic hydrogenation under pressure, or from 
m-dinitrobenzene or 7n-nitraniline by electrolytic reduction in sulphuric acid 
(Gattermann, Ber. 26, 1848). The free base is very unstable. Its salts are used 
under the name amiaol as developers in photography. 4,5- and 2,5-Diamino- 
phenols are prepared from nitro-amino-phenoh obtained by the action of sulphuric 
acid on o- and p-nitro-diazo-imides (p. 133) (Kehrmann, Ber. 30, 2096: 31, 

>0C2H8[1J 

2403). The formation of m-anilido-p-phenetidine, C6H5NH[3]C6Hj^ , 

^NH2[4] 

is dealt with below with the hydrazine-phenols. 

Picramic acid, 2-amino-4,6-dinitrophenol, (NH2)(N02)C6H20H, m.p. 165”, 
consists of fine r^ needles, and is prepared by reducing picric acid with alcoholic 
ammonium sulphide, or with sodium hydro sulphite. For other dinitro-p-amino- 
phenols see Reverdin, Ber. 38, 1593. 

2,4j6-Triaminophenol, (NH 2 )iC 6 HaOH, is produced by the action of phosphorus 
triiodide, or of tin and hydrochloric acid on picric acid (Bamberger, Ber. 16, 
2400), and also by the r^uction of phenol-trisazo-benzene (p. 211). When 
liberated from its salts it decomposes rapidly. It forms salts which crystallise 
well with three equivalents of acid. The hydriodide, C6H20H(NH2)8*3HI, 
crystallises in colourless needles. Solutions of the salts when made weakly alka- 
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line show a beautiful blue colour. When ferrib chloride is added to a solution of 
the hydrochloride, a deep-blue colour appears, and brownish-blue needles with a 
metallic lustre separate. These are anvino^diimino^piienol or diamino-^inonimine 
hydrochloride (p. 244). They dissolve in water with a beautiful blue colour. An 
isomeric triaminophenol has been obtained by the reduction of diquinoyl-tri- 
oxime {Nietzki^ Ber. 30, 183). 2,3,4,5-Tetramino-anisole, (NH 2 ) 4 CeHOCHi 
(Nietzki, Ber. 25, 282). 

DIAZOPHENOLS. Phenol-diazonium chlorides, H0*C6H4N2C1, are ob¬ 
tained by the action of nitrous acid on the hydrochlorides of aminophenols. In 
the salts of polyhalogeno-, polynitro-, and polysulphonated diazonium bases with 
weak acids, such as acetates, and carbonates, hydroxyl groups can readily be 
introduced^ displacing an o- or p-halogen, nitroyl, or sulphoxyl group. In this 
way substituted diazophenols have been obtained {Hantzsch, Ber. 36, 2069; 
Noelting^ Ber. 39, 79; Orion^ J. 83 , 796 ; 91, 1554). The free diazohydrates of 
o- and p-aminophenols anhydridise, and yellow so-called ‘‘quinone-diazides'^ 
are formed, probably owing to a rearrangement to a quiuoid form (c/. the formula 
of diazomethane, vol. I, p. 251, and this vol., p. 116, and Hantzsch, Ber. 35, 
888 ): 

Ni=CeH4=0 N2-=C«H»(N0 j)=0. 

o- and p-Diazophenols have also been formulated as internal diazo-oxides: 


0<' S or O/ Sn:1 


{Morgan^ J. 107, 645), but these cyclic formulae are rather improbable, at any 
rate for the p-com pound; c/. p. 178. A formulation as a diazonium-betaine, 
"O—C 6 H 4 N 2 '‘‘, might also be possible. It differs from the quinone-diazide for¬ 
mula only in tne distribution of electrons. The true structure might be one inter¬ 
mediate between these two formulae. However, colour, melting points, and solu¬ 
bilities point to a constitution very nearly approaching the diazide state. 

The sulphonic acids of m-aminophenols form internal diazonium sulphonates, 
yN2[3] + 

HOfllCflHK , which do not give diazo-oxides with bases as the p- 

^ 803 ( 4 ]“ 

compounds do, but lose nitrogen and break down into derivatives of resorcinol- 
sulpnonic acid. These latter give azo-dyes with the unchanged diazonium sul¬ 
phate {Morgan, J. Ill, 497). 

p-Diazobenzene cyanide, HO[ 4 ]CeH 4 N 2 -CN, small yellow needles, obtained 
by the action of potassium cyanide on the chloride, is hydrolysed by caustic potash 
to potassium diazophenol-carbozylate, HOC 6 H 4 N 2 COOK. 

Dibromo-diazophenol, Br2[4,6]C6H2( :0) (: N 2 ) [ 1,2J, orange-yellow prisms, m.- 
p. 130® (decomp.) (Bamberger, Ber. 39, 4248). Dibromophenol-diazosulphonic 
acid. C 6 H 2 Br 2 ( 0 H)N 2808 H -H 2 H 2 O, is obtained from its potassium salt, which is 
itseli obtained by the action of potassium sulphite on dibromophenol-diazo chlo¬ 
ride. V 

p-Phenol-diazomercaptan hydrosulphide, CeH 4 (OH) •N 2 SH*H 2 S, forms red 
needles, m.p. 75® (decomp.), and is obtained by the action of hydrogen sulphide 
on solutions of diazophenol salts (Hantzsch, Ber. 28, 3250). 

p-Hydrozy-diazobenzene-imide, OH[llU2H4[4]N3, m.p, about 20®, explodes 
on heating to 150®. It is obtained from p-aminophenol and nitrous acid. Its 
potassium compound exists in two formi^ one colourless, the other blue, which 
are readily converted into one another. Both give the same benzoyl compound, 
m.p. 81®, which is also obtained from benzoyl-p-aminophenol by the action of 
nitrous acid (Forster, J. 91, 855). 

AZOXY-PHENOLS. The as 3 rmmetrically substituted azoxy-phenols form 
two series of isomers which are formulated in an analogous manner to the isomeric 
azoxy-benzenes by Angeli (p. 134). p-Hydroxy-azoxybenzene, a-form, Ph*N- 
( 0 ):N-C 6 H 40 H, m.p. 156®, /S-form, Ph-N;N(6) CAOII, m.p. 117®, are both 
formed when p-hydroxy-azobenzene is oxidised with hydrogen peroxide (Angeli. 
Lincei 23, II. 31). The a-form is also obtained by condensing p-nitrosophenol 
and (l-phenylhydroxylamine, water being eliminate, or, together with two iao- 
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meric o-hydroxy-azoxybenzenes, m.p. 76® and 108®, by the action of caustic soda 
on nitrosobenzene at 100®. The /3-form is unaffected by potassium permanganate, 
but the a-form is readily oxidised {Angeli, Lincei 32, I. 443, 539), pr^ucing 
potassium benzene isodiazotate {Bamberger ^ Ber. 35, 1614): Ph(N 20 )C 6 H 40 H 
rhN20K (p. 120). p-£thoxy-azoxybenzenes (p-azoxy-phenetoles). When p- 
ethoxy-azooenzene is oxidised in acetic acid solution with hydrogen peroxide, two 
isomers are formed which can be separated by solution in ligroin. The a-form 
is sparingly soluble, Ph-N(O) :N-061140 02116, m.p. 72®, whilst the /3-form is 
more readily soluble, Ph • N: N(O) • C 6 H 40 CaH 6 , m .p. 66®. The azo-compound is 
re-formed on reduction {A'ngeli, Lincei 21, I, 729). p-Azoxy-phenetole, and p- 
azoxy-anisole, m.p. 91® and 97-98®, have been obtained in the liquid-crystalline 
form (Mauguin, C.r. 152, 1680; Deischa, Z. Krystall. 50, 24; Lehmann^ Ann. 
Phys. 48, 177). 

AZOPHENOLS. HYDROXY-AZOBENZENES. Formation:—!, 
By the action of diazonium salts on monohydric phenols or their 
ethers, m-dihydroxy-benzenes or their ethers, m^aminophenols, m- 
phenol sulphonic acids, or phenol-carboxylic acids {Grandmougin, 
Ber. 40 , 3450): 

Ph]Sr, NOa -f PhOH « PhN:N [ 1 ] CsH* [4] OH. 

The diazonium solution is allowed to run into an alkaline solution of the phenol 
(or derivative) with stirring and cooling. According to the conditions and pro- 

E ortions, phenol-azobonzene, o,p-phenol-bi«5azobenzene, o,o,p-phenol-trisazo- 
enzene, arc formed. When an o-position relative to the OH-^oup is unoccupied, 
o,p-disazo-phenols are formed as oy-products. When the o- and p-positions are 
occupied, coupling may still take place by addition. The greater the number of 
alkyl groups in a phenol or phenol ether, the more readily will it couple with diazo- 
compoimds, alkyl groups in the w/-jK)sit.ion being the most effective {Meyer ^ Ber. 
47, 1741; Auwers^ Ber, 47, 3275; 48, 1716; Charrier ^ Gazz. 44, II, 503; Piixed^ 
dUf Gazz. 46, I, 211). An aqueous solutum of phenol and diazonium sulphate 
react to give phenyl ether. As in the case of the amino-azo-compounds, the 
diazo-group which enters the phenol prefers the p-position relative to hydroxyl; 
and if this position is occupied, the ortho {Liebermann Ber. 17, 876; Ger. Pat. 
44,906). o-Hydroxy-azo-compounds can be obtainea by coupling diazonium 
compounds with p-acetamino-phenols and then eliminating the acetamino group 
{Hewitt, J. 101, 1765). 

In some cases it has been possible to isolate intermediate products in these 
reactions. These are the so-called O-azo compounds or diazo-oxy-benzenes, which 
are analogous to the diazoamino-compounds and undergo a similar rearrangement 
to the latter, with the formation of hydroxy-azo-compounds {Dimroth, Ber. 41. 
4016; Auwers, Ber. 41, 4304): 


PhO-N:NPh 


PhN:N C 6 n 40 H. 


2. From diazoaminobenzenes .and monohydric phenols, or resorcinol, on 
heating {Heaniann, Ber. 20, 372, 904; Fischer, thid,, 1577): 

Ph N2 NH Ph 4- Ph-OH - Ph.N2-C6H4 0H 4 PhNH-. 

By the molecular rearrangement 'of azoxy-benzenes on heating with sul¬ 
phuric acid {Wallach, Ber. 14, 2617): 


CsHsNiO 

c,Hslr 

Asoxybensene 


C6II6N2-06114-011. 
Hydro xy-axobenxene 


4. From nitrophenols by reduction with alcoholic potash. J. By the action 
of anilines on nitroso-phenols. 6, From amino-azobenzenes, and from azo- 
benzeue sulphonic acids. 

The hydroxyazo-compoimds, like the nitroso-phenols (p. 202), may be formu- 
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lated in two ways. They may have the ''normal” constitution, and that of 
quinone^phenylhydrazones (Burawoy, Ann. 509, 60): 


/OH 

\N:NC«H5 


Hydroxy-azobenaene 


^NNHNeH, 

Quinone-pheaylbydrazone 


Alkyl- and acyl-derivatives derived from both forms are known. O- and N- 
alkjrl-derivatives are known in both the o- and p-series, but O- and N-acyl- 
derivatives are known in the p-series only. In the o-series, the acyl group is al¬ 
ways attached to oxygen {Auwers, Ann. 487, 80; c/., however, McPherson^ Am. 
31, 281). 

Attempts to prepare quinone-phenylhydrazono itself by condensing benzo- 
quinone with phenylhydrazine have not been successful, as quinone is reduced by 
phenylhydrazine. With o-nitro- and o,p-dinitro-phenylhydrazines, however, 
monophenylhydrazones of quinone have oeen obtained, and these have been 
proved to be identical with the nitro-hydroxyazo-compounds obtained by cou¬ 
pling phenol with diazotised o-nitro- and o.p-dinitro-anilines, respectively 
(Borsche, Ann. 357, 171; cf. naphthaquinone-hyorazones, p. 631): 


C.H4<^ 


r.O[ll HaN NHCalhNO*_/N:NC6H4N02[1] CIN:NC6H4 NOj 


C.H4<( 


CJitOH 


a«-Acetyl- and os-benzoyl-phenylhydrazines, like quinone, give N-acylated 
quinone-phenylhydrazones (p. 244), which hydrolyse to p-hydroxy-azobenzene, 
and are isomeric with the O-acyl-hydroxy-azobenzenes obtained by acotylating 
or benzoylating hydroxy-azobenzene {McPheraort., Am. Ch. J. 22, 364), 

N-Acylated p-quinone-phenylhydrazones change with great ease into the 
isomeric 0-acetylated hydroxy-azobenzencs {WilUlHiter^ Ber. 40, 1432): 


N• N(COCn3)C«ll6 [1] ' /N:NCellj 

CeH4< -> CbII< 

[4] ^OCCOCIIs) 

A migration of the acyl-group in the opposite direction, from oxygen to nitrogen, 
has been observed in reducing acetylated benzene azo-p-cresol, but not with the 
benzoylated compound (Auwers, Ber. 47, 1297). 

On the evidencie of this ready transition of quinone phenylhydrazone derivatives 
into hydroxy-azobenzene derivatives (for the converse rearrangement of the mixed 
azo-compounds, see p. 138), the free o- and p-hydroxy-azo compounds have been 
regarded as true azo-compounds. In support of this, it has been pointed out that 
the general behaviour of m-hydroxy-azobenzene (see above) is very similar to 
that of the o- and n-isomers, and that the w-isomer could not be formulated as a 
quinone-phenylhyarazone, since m-quinones do not exist (p. 233). 

0 - and p-Hydroxy-azobenzenes combine with phenyl isocyanate forming O- 
/N:NCeH6 

carbanilido-derivativcs, CeH 4 ^ {Goldschmidt, Ber. 38, 1098). The 

^OCONHCeHj 

fact that the o-hydroxy-azo compounds are insoluble or difficultly soluble in alkalis 
has been regarded as a strong argument in favour of their quinoid structure. The 
phenylhydrazones of o-phenol-aldehydes and o-phenol-ketones, are however, 
insoluble (Anselmino, Ber. 35, 4100; Jacobson, Ber. 36, 4118; Torrey, Am. 30, 
836; Puxeddu, Gazz. 51, I, 256). There is general agreement at present for 
formulating the p-^ and of course, the m-hydroxy-azobenzenes as true azo-phenols, 
but important objections have been raised against a similar formulation of the 
o-compounds. The absorption spectrum of the o-compound is in favoiu* of a 
quinone-phenylhydrazone constitution {Burawoy, Ann. 503, 180; 509, 60; c/. 
Aimers, Ann. 505, 283). 

p-Hydro]Qr-azobenzene, benzene-p-azophenol, PhN»N[l]CeH4[4]OH, m.p. 

151-*!^'^, crystallises in orange^yellow needles. It is obtained by the general 
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methods given for the formation of hydroxy-azo-compounds. On treatment first 
with phosphorus pentachloride and then with water, it gives the phosphoric ester 
PO(OC«H 4 N 2 Ph) 2 , m.p. 148® {Bamberger^ Ber. 35, 1622). Electrochemical re¬ 
duction in alcoholic hydrochloric acid gives p-aminophenol {Puxeddu^ Gazz. 48, 
II, 25). Two forms are known, possibly stereoisomers. On nitration the a- 
(transf) form yields a tetranitro-derivative, and the /3- (cisf) form a dinitro- 
derivative (J. 103, 1472, 1479). Benzene-azo-p-phenetole, m.p. 77® (Jacobson, 
Ber. 25, 994). p-Azophenol, H 0 [ 4 ]C 6 H 4 [ 1 ]N 2 [ 1 ]C 6 H 40 H, m.p. 204®, light- 
brown crystals, is obtained from p-nitro- and p-nitroso-phenol ny fusion with 
potash, by coupling hydroxjrphenyl-diazonium nitrate with phenol, and from p- 
nydro3^-azobenzene sulphonic acid. It forms a double compound with 2 mols. of 
nitrous acid, m.p. 76® when treated with the latter in a cold mixture of alcohol 
and ether (uharrier, Gazz. 44,1, 405). 

o-Hydroxy-azobenzene, m.p. 83®, is readily volatile with steam, in contrast 
with the p-derivative. It is obtained by coupling phenyl-diazonium salts with 
phenol (Bamberger, Ber. 33, 3189), together with a much greater quantity of the 
p-compound. It is also formed by coupling phenyl-diazonium chloride with p- 
acetamino-phenol, removing the acetyl group and eliminating NH 2 by Sand- 
meyer's method (Worostizov, J. Russ. J^liys. Chem. 8oc. 43, 787) or by the re¬ 
arrangement of azoxy-benzene (Lachmann, Am. 24, 1178; Knipscher, Rec. 22, 1). 
It is obtained along with hydroxy-azoxy-benzenes and other substances by the 
action of caustic soda on nitrosobenzene. Its methyl ether, benzeneazo-o- 
anisole, m.p. 41®, has been synthesised from o-anisidine and nitrosobenzene, 
and also yields o-hydroxy-azo-benzene when treated with aluminium chloride 
(Bamberger, Ber. 33, 3189). 

m-Hydrozy-azobenzene, m.p. 114-117®, canary-yellow crystals, has been pre¬ 
pared by Jacobson (Ber. 36, 4102), by coupling o-amino-phenetole with pheny^l- 
diazonium chloride, removing the amino-group, and hydrolysing the resulting 
benzene-azo-m-phenetole, m.p. 64®, with aluminium chloride: 




yOCill 

NNFT«rs 


[11 


•Nfl2[2J 


/0C2H5[11 

CeH2^NH2[2] 

\N:NC.TI6[5] 


C,II 


'\N:NC,H,(51 


/OH 

CJlZ 

\ivr- 


N:NC,H»[51 


m,m'-Dihydroxy-azobenzene, m-azophenol, m.p. 205®, is formed bv the 
fusion of w-nitrophenol with caustic potash, and has also been obtained from 
m-azoaniline (p. 143) by means of the diazo-compound, and by the electrolytic 
reduction of TH-nitrophenol (Elhs, J. pr, 67, 265). For azo- and diazo-coinpounds 
of the cresols sec Noelting, Ber. 17, 351. 

The sulphonic acids of the hydroxy-azobenzenes are dyes. p-Sulphobenzene-p- 
azophenol, S 03 H[ 4 ]C 6 H 4 [l]N=N[l]C 6 H 4 [ 4 ]OH, for instance, obtained by the 
action of sulphuric acid on p-hydroxy-azobenzene, or by the action of sodium 
phenate on p-diazobenzene sulphonic acid, is the commercial dye tropaeolin Y 
(Griess, Ber. 11, 2192). C/. also resorcinol. Phenol-2,4-bisazobenzene, OH [1]- 
CeH8[2,4](N:NPh),, m.p. 123® (Vignon. C.r. 138, 1278), and phenol-2,4,6-tris- 
azobenzene, OH[lIC6H2[2,4,6](N:NPh)s, m.p. 215®, are formed by coupling 
phenol with 2 and 3 molecules, respectively, of phenyl-diazonium chloriae in 
alkaline solution. Phenol-trisazobenzene is reduced to 2,4,6-triaminophenol by 
tin and hydrochloric acid (p. 207) (Grandmougin, J. pr. 78, 384). 

HYDRAZOPHENOLS. w-Hydroxy-hydrazobenzene, OH[ 1 ]CeHilS]NH • - 
NHPh, colourless needles, m.p. 126®, is obtained by the reduction of w-hydro:?y- 
azobenzene with zinc dust and acetic acid (Jacobson, Ber. 36,4112). Under the in¬ 
fluence of mineral acids it rearranges to w-hydroxybenzidine. It is the only known 
free hydroxy-hydrazo oompound, since 0 - and p-hydroxy-azobenzenes, when 
reduced, immediately decompose into aniline and o- or p-aminophenol. The alkyl 
ethers of hydroxy-azobenzenes can, however, be reduced to ethers of benzene-o- 
and benzene-p-hydrazophetiol ethers. The benzene-p-hydrazophenol ethers 
undergo the semidine transformation on treatment with SnCh and HCl (p. 145), 
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e.g., benzene-}i-hydrazophenetole is converted into w-ethoxy-o-amino-diphenyU 
amine (Jacobson, Ber. 27, 2700; 29, 2680; Ann. 287,97) : 

[lIC,H,NHv 

C.HJ^HNH[l]C,H«[4]OC,H. -> X«Ha OC,H,[5I. 

[ 2 ] NH,/ 

The free hydrazine-phenols are very unstable. o-Hydrazine-anisole, NHjNH- 
[ 2 ]Cja 4 ll]OCH,, m.p. 43*, b.p. 240* (Reisenegger, Ann. 221 , 314). 

PHENOL SULPHONIC ACIDS. When phenol is sulphonated, 
the 0 - and p-hydrogen atoms are replaced by SOsH groups, just as 
in nitration it is the o- and p-atoms that are concerned. The sul- 
phonic groups take up positions m- to each other: 

yOHUl 

- C,H 4 < \ 

/* \S0,H[2] 

CoHjOH ^ 

/■ 

\SOaH[4] 

0 - and p-Phenol sulphonic acids are formed when phenol is dissolved 
in concentrated sulphuric acid. At moderate temperatures the 
former predominates, but readily passes into the p-acid when heated 
with concentrated sulphuric acid. This change is due to the fact 
that o-phenol sulphonic acid readily gives up its sulphonic acid group 
with re-formation of phenol, which then forms the p-acid under the 
action of sulphuric acid. o-Phenetole sulphonic acid is similarly 
readily converted into the p-acid on heating to 100° {Moody ^ Proc, 
1892 - 1893 , 214 ). Phenol sulphonic acids or their ethers, are also 
formed from phenols or their ethers, when they are heated with 
dimethyl sulphate in the absence of water and alkali {Simon^ C.r. 176 , 
900 ). 

The separation of o- and p-phenol sulphonic acids is effected by the crystallisa* 
tion of their mono-barium salts. The barium salt of the o-acid, [CeH4(0H)S08]2- 
Ba*H20 separates first in compact rhombic needles. The p-acid remains in the 
mother liquor, and is best separated as its magnesium salt, [C 6 H 4 (OH)SOjj 2 - 
Mg* 8 H 2 C), large rhombic columns (Obermiller, Ber. 40, 3637). The p-acid is 
ako formed by the rearrangement of phenyl-sulphuric acid (p. 195). The free 
acids crystallise when their aqueous solutions are allowed to evaporate slowly. 
The p-acid gives auinone when its sodium salt is heated with manganei^ dioxide 
and sulphuric acid. The o-acid gives catechol when fused with caustic potash 
at 310®, while the p-acid is not attacked below 320®, and at higher temperatures 
gives diphenols (see diphenyl). By the action of nitric acid the sulphonic acid 
group is readilv displaced by the nitro-group. 

p-Phenol sulphonic acid has been converted by a process known as ''depsida- 
tion*^ (p. 368), into polymolecular sulphonic acids of the typ>e H 0 *C 6 H 4 S 02 * 0 *- 
C' 6 H 4 S 02 * 0 *C 6 H 4 S 08 Na. These tan hideis and are used as artificial tannins. 
Phenol sulphonic acids and formaldehyde condense te^ give the so-called neradols 
or synthanes^ which are also tannins {Apostolo. Ger. Pat. 262,558). 

On treatment with phosi>horus pentachloride, the phenol-sulphonic acids give 
phosphorus oxychloricie derivatives of phenol sulphonyl chlorides as the primary 
products. When these are heated with phosphorus pentachloride to 150®. they 
are converted into chlorophenols, and at a still higher temperature into chloro¬ 
benzene (Anschutz, Ann. 415, 64). 


/OH[l 

Ctll/-SOAl 2 ] 
\S0,HI4] 


CeHs^ 


OH 

SO,H 
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The position of the sulphonyl group can be determined by a consideration of 
these reactions {KekuU, Ber. 6, 943; Anschutz, Ann. 358, 92). If phenol sul¬ 
phonyl chlorides arc required in preparations, potassium phenol sulphonates are 
acetylated, the chlorides of the acetyl-phenol sulphonic acids are prepared, 
and the acetyl group is removed after the reaction (Anschutz, Ber. 45, 2378; 
Ann. 415, 61). 


When ammonia or, better, diethylamine, acts on acetyl-o-phenol 
sulphonyl chloride in ether, the constituents of acetyl chloride are 
lost and a compound is obtained which is also formed by the action of 
phosphorus pentoxide or oleum on phenol-o-sulphonic acids, or by 
the action of phosphorus oxychloride on the acids or their alkali salts. 

yO -S02\ 

This compound is phenylene-sulphonylide, C 6 H 4 <; ^CeH 4 , 

\S02-CK 

m.p. 237®, corresponding, as the name implies, to a-disalicylide. 
Sodium hydroxide reconverts it into o-phenol sulphonic acid. Sul- 
phonides of the homologous phenols have also been prepared (An- 
schiltz, Ann. 415, 64 et seq.). 


On iodination, the p-sulphonic acid gives 1,6-diiodo-p-phenol sulphonic acid, 
CeH 2 l 2 (OH) ‘SOaH, which is used as an antiseptic under the name of SozoiodoL 

?/i-Phenol sulphonic acid is formed by heating w-benzene disulphonic acid (p. 
176) at 170-180® with caustic potash (Barth, Ber. 9, 969). The free acid contains 
2 mols. of water. When fused with potash it is converted into resorcinol at a 
temperature as low as 250®. When p-benzene-disulphonic acid is heated with 
caustic potash, the same substances are formed, first m-phenol sulphonic acid, 
and then resorcinol. For p-phenol sulphonic acid and its reaction products with 
phosphorus pentachloride, see Amckutz, Ann. 415, 51. 

Phenol-2,4-disulphonic acid is obtained from phenol or o- or p-phenol sulphonic 
acids by sulphonatioii, according to the scheme given above. Its solution gives a 
dark red colour with ferric chloride. 

Phenol-2,4,6-trisulphonic acid, obtained by the action of concentrated sul¬ 
phuric acid and phosphorus pentoxide on phenol, crystallises with 3 mols. of water 
in prisms. 

For nitrophenol sulphonic acids, see King^, J. 119, 2105. 

p-Aminophenol sulphonic acid, NH2[4]C«H30H[1]S08H[2], is formed in small 
yield by the action of concentrated sulphuric acid on nitrobenzene, which is 
presumably first reduced to j5-phonylhydroxylamine, then rearranged, under the 
influence of sulphuric acid to p-aminophenoi, and finally sulphonated (Brunner, 
C. 1908, II, 587). For other aminophenoi sulphonic acids, see Noyes, Am. Ch. 
J. 16, 511; Schultz, Ber. 39, 3345; Ger. Pats. 79,120 and 150,982. 


Sulphur Derivatives of Phenol 

MERCAPTANS. Thiophenol, pkentA-mercaptan, CiH^SH, b.p. 169®, di 4 

I. 078, is a mobile, evil-smelling liquid. It is obtained: (f) by the action of PjSs 
on phenol (KekuU, Z. f. Ch. 1867, 193); (S) by the action of KHS on sodium 
benzene sulphonate (Stadler, Ber. 17, 2080); (S) by the action of zinc and sul¬ 
phuric acid, or of stannous chloride on benzene sulphochloride, or benzene sul- 
phinic acid (Bourgeois, Rec. 18,426; Gattermann, Ber. 32,1147; Wimter, Am. Ch. 

J. 31, 572): (4) from ethyl-phenyl-dithiocarbonate (see below); (5) by the 
action of sulphur on phenyl magnesium bromide; the compound PhSMgBr is 
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first formed, and is then decomposed by acids with the formation of‘ thiophenol 
(Tdboury, Ann. ch. ph. 15, 5; Wuyta, Bull. 5, 405); (d) by heating phenyl halides 
with hydrogen sulphide at 700®, with the aid of catalysts (Ger. Pat. 497,670). 

Thiophenol tends to change into diphenyl-disulphide, giving off two hydrogen 
atoms, and therefore acts as a reducing agent (Troeger, J. pr. 53, 478). With 
chlorine it mves phenyl-sulphochloride (p. 182) (Lecher, Ber. 58, 409). Thio- 
anisole, PhSCHa, b.p, 190®, is obtained by the action of dimethyl sulphate on 
thiophenol (van Hove, Bull. Belg. 12, 1927). Mercury thiophenate, (PhS) 2 Hg. 
Acetyl-^iophenol, PhSCOMo, b.p. 231®; thiophenol-acetal, (PhS)CH 2 CH- 
(OEt) 2 , b.p. 273®; thiophenyl-acetone. m.p. 34®, b.p. 266® (Authenrieih, Ber. 
24, 163), For mercaptal and mercaptol derivatives of phenol, see Otto, Ber. 24, 
234 ; 28, 1120; Fromm, Ann. 253, 161. 

Phenyl-o-thioformate, CH(SPh)i, m.p. 39® {Laves, Ber. 25, 347, 361). Ethyl 
phenyl thiocarbonate, PhS-COOC 2 H 6 , m.p. 6®, b.p. 260® {Otto, Ber. 19, 1228). 
Ethyl phenyl dithiocarbonate, PhS-CSGCJ^Hs, is obtained by the action of potas¬ 
sium xanthogenate on phenyl diazonium chloride. This is a general reaction 
(C. 1900,1, 252). It hydrolyses to thiophenol. Next to the reduction of the sul- 
phinic acids {q.v.) this is the most convenient method of preparing thiophenols. 
Phenyl trithioc^bonate, CS(SPh) 2 , obtained by slowly adding diazotised aniline 
to potassium thiocarbonate solution is decomposed on heating to carbon disulphide, 
hydrogen sulphide, and diphenyl-disulphide (p. 215), which can be distilled off 
{Casolari Gazz. 40, II, 389). Phenyl-o-thiocarbonate, C(SPh) 4 , m.p. 159®, is 
obtained by the action of thiophenol on the dinitroso-derivative of phenyl-iso- 
thiourea {Arndt, Ann. 396, 17). Phenyl thiocarbonyl chloride, PhS COCl, b.p. 
104® (13 mm.), and phenyl thiocarbonyl chloride, PliS-CSCl, b.p. 135® (15 mm.), 
are obtained by the action of phosgene and thiophosgene on sodium thiophenate. 
Numerous derivatives of thiophenol have been prepared from these two com- 

S ounds by acting on them with alcohol, phenol, thiophenol, aniline, etc, {Rivier, 
lull. 1, 733). Thiophenol and its homologues combine with oxalyl chloride to 
■form tMophenyl oxalic ester chlorides, Ph*S*CO*COCl; when treated with 
aluminium chloride these lose HCl and undergo ring closure to form thionaphUienes 
(Vol. IV), (Ger. Pat. 291,793). Diazobenzene thiophenyl ether, PhNg • SPh, i» an 
oil, obtained by the action of phenyl diazonium chloride on phenyl mercaptan 
{Hantzsch, Ber. 28, 3237). 

o-Thiocresol, m.p. 15®, b.p. 188®; m-compound, a liquid, b.p. 195-202®; p- 
compound, m.p. 43®, b.p. 194® {Rabaut, Bull. [3], 27, 690; Zincke, Ber. 43, 837). 
Thiocarvacrol, (CHjj)(C 3 H 7 )C«H 8 SH, b.p. 235®, see carvacrol, p. 190. For 
other thiophenols see Gattermnnn, Ber. 32, 1147; Tdboury, Ann. ch. ph. 15, 5. 

o-Nitrothiophenol, N02[21CeH4SH, m.p. 45°, is easily prepared from o-nitro- 
chloro-benzene by the action of sodium sulphide; it is readily oxidised to a disul¬ 
phide^ (N02[2]C6H4)2S2; m.p. 198®, which is also obtained by the actioii of sodium 
sulphide on o-dinitrobenzene, and by the action of alkali poly sulphides on o- 
nitrochloro-benzene. p-Nitrochloro-benzene gives similarly p-nitrophenyl disul¬ 
phide. When these disulphides are oxidised with nitric acid, the corresponding 
nitrobenzene sulphonic acids arc obtained {Wohifahrt, J. pr. 66, 551). The action 
of sulphur chloride, SCb, on o-nitrothi(mhenol gives a sulphur analogue of the 
aromatic diazo-compounds: N02[1]C«H4[2]S-S*C1, m.p. 62-63° {Lecher, Ber. 
54, 2249). 

Among the substitution products of thiophenol, o-aminothiophenol should be 
noted on account of its heterocyclic condensation products. o-Amino-aryU 
mercaptans are prepared by treating aromatic amines first with sulphur chloride, 
SjClj, and then with alkalis. They react with chloroacetic acid to give o-amino- 
aryl-thioglycollic acids, NH 2 CeH 4 ’S*CH 2 COOH, or their anhydrides, NHCeH 4 - 
SCHjCO, m.p. 206® (Ger. Pats. 364,822 and 367,346). '- 

o-Axnino-thiophenol, NH2[21C«H4[1]SH, m.p. 26°. b p. 234°, is obtained from 
the chloride of o-nitrobenzene sulphonic acid oy reduction with tin and hydro¬ 
chloric acid, or, more conveniently, by fusing benzenyl-o-aminothiophenol with 
caustic potash {Hofmann, Ber. 20, 2259). m-Amino&iophenol {Hofmann, Ber. 
37, 2816). n-Aminothiophenol, m.p. 46°^ is obtained by the reduction of aceto- 
sulphanilic cnloride {Zinace, Ber. 42, 3362). 

CONDENSATIONS OF THE o-AMINOTHIOPHENOLS. (C/, o-diamines, 
p. 106, and o-aminophenols, p. 204). (i) o-Aminothiophenol gives henzo- 
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Ihiazoles on heating with carboxylic acids or their chlorides or anhydrides. (S) 
It is converted into 2-hydroxy-henzoihiazole or carhonyl-aminothiophenol by the 
action of chloroformic ester. (3) It gives keto-dikydro-bemothiazine with chlonj- 
or bromoacetic acid. (0 It gives 2-lhio^emothiazole with carbon disulphide. 
(5) Nitrous acid converts it into o-^phenylene-dtazo-sulphide^ which, on heating 
to 200-220°, is converted into diphenylene disulphide (p. 222); 


CHiCOOH 


/SH[1] 

C,H4< 

\NH2[2] 

O'Aminothiophenol 


CICOOCjH# 


CIIiClCOOH 
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The condensation of o-aminothiophenol with catechol to give thio-diphenylamine 
will be dealt with on p. 221. 

SULPHIDES. Diphenyl disulphide, (CflH 6 ) 2 S 2 , ra.p. 61°. b.p. 310°, is easily 
obtained by the oxidation of thiophenol with chromic acia, or in ammoniacal 
solution simply by the action of air. It is also obtained by the action of iodine on 
sodium thiophenate. by heating thiophenol with benzene sulphinic acid, by heat¬ 
ing thiophenol or pnenyl sulfide with sulphur, from diazo-compounds by the 
action of polysulphides (Br. Pat. 279,136), etc. Nitro-halogeno-benzenes, such 
as l-chloro-2,4-dinitrobenzene, will form disulphides, as well as sulphides and 
mercaptans, with particular readiness (Giua, Gazz. 53, 341). Reducing agents 
decompose diphenyl disulphide into two molecules of thiophenol, and alcoholic 
potash breaks it down into potassium thiophenate and potassium benzene sul- 
phinate {Fromm, Ber. 41, 3403). Chlorine brings about fission of the disulphides 
into two molecules of an aryl-sulphochloride, Ar*SCl (p. 182) {Zincke, Ann. 
406, 103; cf, free radicals, Vol. IV) . 

p,p'-Diamino-diphenyl disulphide, dithio-aniline, S 2 (C 6 H 4 NH 2 ) 2 , m.p. 77°, is 
obtained together with thio-aniline (see below) when aniline, aniline hydrochloride 
and sulphur are fused together {LeFevre, C.r. 198, 1432). On reduction^ or on 
boiling with alcoholic potash it is converted into p-aminothiophenol. Its diaceto- 
compound exists in three forms with m.p. 215°, 182°, and 122°. This isomerism 
has not yet been explained {Hinsberg, Ber. 39, 2427 ; 41, 626). For dithio-?n« 
tolylene-diamine, see Schultz, Ber. 42,743. 

Phenyl sulphiae, diphenyl sulphide, Ph 2 S. b.p. 292^, d. 1.12, is a colourless 
liquid with an odour of leeks. It is formea (I) by distilling phenol with phos¬ 
phorus pentasulphide, thiophenol being also formed. {^) By the action of phos¬ 
phorus pentasulphide on sodium benzene-sulphonate. (8) By heating mercury 
diphenyl with sulphur. (4) By heating sulphur with diphenyl sulphone. Phenyl 
sulphide is re-converted into this sulphone by oxidation {Krafft, Ber. 26, 2816; 
27, 1771). {5) From benzene with finely divided sulphur or sulphur chloride in 
the presence of aluminium chloride {Bdeseken, Rec. 24, 1317; Hartman, Ind. 
Eng. 24,1317). The last two methods are suitable for preparing phenyl sulphide. 
It is also obtained {6) by the action of lithium phenyl on mphenyl disulphide (p. 
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170) (Schdf^erg^ Ber. 66, 237, 244), (7) by heating chlorobenzene with aqueous 
sodium sulphide under pressure (Russ. Pat. 28,219), (8) by heating aromatic 
lead mercaptidos with halogeno-benzenes (the bromobenzenes are best). or sodium 
mercaptides with iodo-benzenes in the presence of copper powder {Bourgeois^ 
Ber. 28, 2322; Mauthner^ Ber. 39, 3593). This method may be used for the 
hoinologues of phenyl sulphide. 

Diphenylene sulphide, or dihemothiophene, is formed when diphenyl sulphide 
vapor is passed through a red-hot tube. When solutions of diphenyl sulphide in 
solvents such as hexane and benzene are treated with chlorine or bromine, highly 
reactive diphenyl sulphide halides are formed, PhaSIIaU (see below, phenyl- 
methyl sulphide), which react with water to give diphenyl sulphoxide (p. 183). 
If an excess of halogen is used the p-hydrogen in the phenol residue is also sub¬ 
stituted (Fries, Ann. 381, 337). tsophenyl sulphide^ phenyl isosulphide. Ph 2 S 
(isomerism of a sulphur compound), is a colourless liquid, b.p. 300-340® with 
partial decomposition, and formation of ordinary phenyl sulphicle. Hinsberg 
has prepared it by combining ordinary phenyl sulphide with perchloric acid, when 
the compound 


C10,0. 


CJI, 




is formed. This is then boiled with methyl alcoholic potash (Ber. 62, 132; 69, 
495). Iso-(di-)phenyl sulphoxide is an oil; iso-(di-)phenyl sulphone, m.p. 81®. 

The aliphatic-armnatic sulphides, which may be regarded also as the alcohol 
ethers of thiophenols^ are obtained: (1) from sodium thiophenates by the action 
of alkyl iodides or dimethyl sulphate (Brand, J. pr. 108, 19): (2) by heating 
phenyl-ditliiocarbonic esters alone: PhS-CSOEt = PhSEt + COS; and (li) 
by the successive action of sulphur and alkyl iodides on phenyl magnesium bro¬ 
mide (Tahoury, Bull. [3], 35, 668): 

CJI,MgBr —CeHjSMgBr C.HsSCH,. 

Phenyl-methyl sulphide, b.p. 187-190®. o-Nitrophenyl methyl sulphide, m.p. 
64-65®, is obtained from o,o^-dinitro-diphenyl disulphide by action of alkaline 
sodium sulphide, with subsequent methylation (Brand, Ber. 54,1581) . Phenyl- 
ethyl sulphide, PhSEt, m.p. 200-206®. The aliphatic-aromatic sulphides readily 
add on 2 atoms of Br or I forming dibromides and diiodidovS, most of which 
crystallise easily, and form mixed sulphoxides with water, the halogen atoms 
being exchanged for o?^gen. 

The aromatic and aliphatic-aromatic sulphides combine with dimethyl sulphate 
to form mixed sulphinium- or sulphonium compounds of which the stability de¬ 
creases as the number of aromatic radicals in the molecule increases. Thus, di- 
phenyl-methyl-sulphonium chloride decom^ses into methyl alcohol and diphenyl 
su^hide simply on boiling with water, or more rapidly by the action ot alkali 
(Kehrrmnn, Ber. 39, 3559). 

Sulphonium chlorides and hydrates of various radicals are obtained from the 
aluminium chloride compounds of aromatic hydrocarbons with sym- or as* 
8 ulpho?^ides (Courtoi, C.r. 197, 1227). 

Sulphonium bases of the type Ar - S • Alk 2 ‘OH are obtained in the form of double 
compounds with mercuric chloride by alkylating the lead compounds of thio- 
phenols (p. 213) with a dialkyl sulphate and then treating them with sodium 
mercuric chloride, NaHgCL. p-Tolyl-dimethyl-sulphonium hydroxide -f mer¬ 
curic chloride, b.p. 118-120® (Kehrmann, Ber. 45, 2895). For purely aromatic 
sulphonium bases see Smiles, J. 89, 696. The methyl-ethyl-phenacyl-sulpho- 
nium cation, (Me • Et -S^CHaCOPh) has been obtained in an optically active form. 

Phenyl-thioglycollic acid, CeHjSCHaCOOH, m.p. 43.6®, is formed (J) by the 
action of monochloroacetic acid on sodium thiophenate, (2) by the action of thio- 
glycollie acid on phenyl diazonium chloride in aqueous solution. In this action 
the compound CeHiNaS-CHfCOOH is formed first, and is converted on warming 
into phenyl-thioglycollic acid with elimination of nitrogen (Friedldnder, Mo. 28, 
247; Ger. Pats. 194,039/40). 
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AMmOPHENYL SULPHmES, or THIO-ANILINES. Methods of formation. 
— (1) By reducing nitrophenyl sulphides (Kehrmann, Ber. 29, 2362; Bourgeois, 
Rec. 31, 30). (2) By heating anilines with sulphur and adding lead oxide (Merz, 

Ber. 4, 384). (S) By the action of sulphur chloride on dialkyl-anilines, which 

produces alkylated p-tetra-alkyl-diaminophenyl sulphides. Silver nitrate and 
ammonia remove the sulphur from the tetra-alkyl compounds, with the formation 
of sym-tetra-alkyl-diaminodiphenyl oxides, e.^., 0[C«H4[4]N(CH3)2]* (Holz» 
mann, Ber. 21,2056). On heating the methyl-thio-anilines, e.g, , thio-n-toiuidine, 
with sulphur to higher temperatures, thiazole derivatives, such as denydro-thio- 
toluidinc are produced. 

'-Diamino-diphenyl sulphide, thio-aniline, S(CeH 4 NHj) 2 , m.p. 105®; 
0 , 0 '-diamino-diphenyl sulphide, m.p. 93° {Hofmann, Ber. 27, 2807). For iso¬ 
meric thioanilines see Hinsberg, Ber. 38, 1130. Thio-p-toluidine, diamino-ditolyl 
sulphide, S(C 6 Ha'Me*NH 2 ) 2 , m.p. 103^. 

The sodium salts of thio- and diihio-toluidine sulphonic acids dye unmordanted 
cotton a greenish-yellow; they are so-called substantive dyes (Br. Pat. 6319, 
1888). The feis-diazo-salts of thio-p-toluidine. which may be produced on the 
fibre itself, combine with naphthylamino sulphonic acids, giving brownish-red 
5is-azo dyes (Truhlar, Ber. 20, 669). 

p-Thiocyano-aniline, NH 2 C 6 H 4 -SCN, m.p. 57-58®, is prepared from aniline, 
sodium thiocyanate and bromine in methyl alcohofic or acetic acid solution 
{Kavfmann, Ber. 59, 187; 62, 390). 

/CeH4v 

THIODIPHENYL-IMIDES. Thiodiphenylamine, S<: >NH, is the 

^CeH4'' 

simplest of these heterocyclic compounds. Methylene blue, a useful dye, is derived 
from it. The thioplienyl-amino group ^inll be dealt with in the volume on hetero¬ 
cyclic compounds, among the six-membered heterocyclic rings. 

SELENO-PHENOLS. Selenium, like sulphur, combines with phenyl mag¬ 
nesium bromide and forms PhSeMgBr, from which seleno-phenol, PhSeH, b.p. 
182®, is obtained by the action of dilute acids. It is also formed by the reduction 
of benzene seleninic acid, and diphenyl diselenide, into which it is reconverted 
on exposure to air. Seleno-phenetole, PhSeEt, b.p. 215-216®, is obtained from 
phenyl bromide, magnesium, and selenium, the first formed PhScMgBr then re¬ 
acting with ethyl bromide or iodide {Foster, Am. 55, 822). p-Seleno-cresol, 
forms white leaflets, m.p. 47® {Taboury, Bull. [3J, 31, 1183). 

PHENYL SELENIDES and TELLURIDES are quite readily obtained from 
mercury-diphenyl compounds by the action of selenium or tellurium. Diphenyl 
selenide, Ph 2 Se, b.p. 163® (14 mm.), is also recovered as a by-product, in the 
preparation of phenyl selenocyanidc (p. 182), or by heating selenium with di- 
phenyl-sulphone, when sulphur dioxide is liberated. Further action of selenium 
gives rise to diphenyl diselenide. Ph 2 Se 2 , m.p. 63®, b.p. 203® (11 mm.). It is 
the most stable of the phenyl-selenium compounds, and is also obtained by the 
action of methyl alcoholic phenol selenocyanide, and, together with seleno-phenol, 
by the action of selenium on phenyl magnesium bromide {Behagel, Ber. 65, 815; 
Baroni, Lincei [6], 11, 579). Diphenyl telluride, Ph 2 Te, b.p. 174® (10 mm.) 
{Zeiser, Ber. 28, 1670; Krafft, Ber. 29, 428). 

Selenonium and telluronium compounds. —Diphenyl selenide gives diphenyl- 
selenonium dichloride, Ph 2 SeCl 2 , m.p. 142® (decomp.) with nascent chlorine, 
and this gives, with benzene and aluminium chloride, triphenyl-selenonium 
chloride, PhjSeCl, white crystals, m.p, 230® (decomp.), from which a bromide, 
m.p. 236® (decomp.) and an iodide, m.p. 237.5® (decomp.) can be obtained. 
Aqueous alkalis convert the dichloride into diphenyl-selenium oxide. Ph 2 SeO, 
m.p. 106-108®, and the monohalogen compounds into the base triphenyl-selenon¬ 
ium hydroxide, PhaSeOH {Leicester, Am. 51, 3587; Alquist, Am. 53, 4033). 
Di|>henyl-telluronium dichloride. PhaTeCU, m.p. 160-161®, is obtained by the 
action of chlorine on diphenyl telluride, or by the action of hydrogen chloride and 
oxygen upon it. With boiling water it gives the basic hydroii^chloride, PhaTe- 
(OH)Cl, m.p, 233-234®. Tnphenyl-telluronium iodide, m.p. 247-248®, is ob¬ 
tained by the action of phenyl magnesium iodide on diphenyl-telluronium di¬ 
chloride {Lederer, Ann. 391, 331; Ber. 53. 1430). The optically active phenyl- 
ttflyl-methyl-telluronium ion has been obtain^ by Lowry (J. 1929, 2867). 
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Other aromatic selenium and tellurium compounds, see Michaelis, Ber. 30, 
2821; Lederer, Ber. 49, 1076; Behaghel, C. 1930, II, 1632, Morgan, J. 1930, 
2699;Am. 53, 4033; Leicester, Am. S3, 4428; Reichel. Ann. $23, 201, 
p-Hydrozyphenyl-telluronium trichloride, forms small yellow plates, m.p. 
213®, and is obtained by the action of tellurium tetrachloride on phenol at 90®. 
It gives an oxychloride with water, and p-hydroxyphenyl-tellyrinic acid, HO[4]- 
CeH 4 [l]Te 02 H, with sodium hydroxide, both decomposing when warmed 
(Reickel, Ann. 523, 219). 


Dihydric Phenols 

Several members of this class either occur in plants or have been 
obtained as decomposition products of vegetable substances. Re~ 
sordnol, or /»-dihydroxybenzepe, is of particular importance indus¬ 
trially. 

The general methods of formation of the dihydric phenols are 
analogous to those of the monohydric phenols. They are obtained: 
(1) from aminophenols, through the diazo-cornpounds; (^) by fus¬ 
ing (a) monohydric halogcno-phenols, (6) halogeno-benzene sulphonic 
acids, (c) benzene disulphonic acids, or (d) phenol sulphonic acids, 
mth caustic potash (p. 212); (3) by heating dihydroxybenzene 
carboxylic acids alone or with lime or baryta; (4) p-dihydroxy- 

phenols are formed by the reduction of the corresponding quinones; 
(5) 0 - and p-dihydroxybenzenes are formed smoothly when o- and p- 

hydroxybenzaldehydes, or o- and p-hydroxyacetophenones are oxi¬ 
dised with hydrogen peroxide in weakly alkaline solution, but m- 
hydroxybenzaldehyde does not give resorcinol on similar treatment 
{Dakirif Am. Ch. J. 42, 477). 

Reactions .—^The reactions of the dihydroxybenzenes depend on the 
relative positions of the two hydroxyl groups. Hence the three 
simple dihydroxybenzenes—catechol, o- or (1,2); resorcinol, Wr or 
(1,3), and hydroquinone, p- or (1,4)—are typical representatives of 
three groups of dihydric phenols, and will serve as examples to illus¬ 
trate their reactions. Chlorine converts the dihydric phenols into 
hydroaromatic keto~chlorideSj the carbon ring of which is easily rup¬ 
tured (p. 30). They give dihydroxy-aldehydes with chloroform and 
alkali, and dihydroxy-carboxylic acids with carbon tetrachloride and 
alkali, and on heating with aqueous solutions of alkali carbonates. 
Catechol and hydroquinone can be separated with the aid of C 2 H 2 CI 2 
(Mann, Chem. Ztg. 56, 452). Nascent thiocyanogen acts on cate¬ 
chol, but not on resorcinol or hydroquinone {Macheky Mo. 63, 217). 

CATECHOL GROUP, All the o-dihydroxybenzenes give a 
green coloration with ferric chloride solution. They are distin¬ 
guished from the m- and p-compounds by their ability to form cyclic 
esters by replacement of their hydroxyl hydrogen atoms. 

Catechol, o-^ihydroxyhenzene^ 1,2-phendioly C6H4[l,2](OH)2, m.p. 
104®, b.p. 245®, was first obtained by Reinsch in 1839, by dry distilla¬ 
tion of catechin, the sap of Mimosa catechuy and is also obtainable by 
dry distillation of Moringa tannic add. 

Many resins give it when fused with caustic potash. It occurs in kino, the 
dried sap of several secies of Pierocarpus, Butea, and Evealyptus. It is found in 
coal-tar (Edmatein, Ber. 35,4324), in beech-wood tar, and is a by-product in the 
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recoveiy of parafliii from certain bituminous shales. Catechol sulphuric acid 
occurs in the urine of man, and of the horse. 

It is prepared artificially: (i) from phenol, by oxidation with hydrogen peroxide 
or permonosulphuric acid {Bamberger^ .J. pr. 68,486); (2) by distilling protocate- 
chuic, or 3,4-dihydroxybenzoic acid; {3) by fusing 1,2-chlorophenol, 1,2-bromo- 
phenol, 1,2-benzene disulphonic acid, or 1,2-phenol sulphonic acid with potash; 
(4) from its mono-methyl ether, guaiacol (see below) by the action of hydrogen 
iodide at 200®. 

On exposure to air its alkaline solution turns green, then blue, and finally black. 
For the chemistry of this oxidation, see Weissberger^ Ber. 65, 1815. Lead acetate 
precipitates white C«H 402 Pb from an aqueous solution. Neither resorcinol nor 
nydroquinone shows this reaction. The formation of antimonyl compounds, such 
as catechol-antimonyl hydroxide, C«H 402 :Sb 0 H (C. 1898, II, 698), is also char¬ 
acteristic of catechol. Catechol reduces silver solutions even in the cold, and 
alkaline copper solutions on warming. It forms double compounds with its 
own alkali salts, as well as with tho.se of organic acids {Weinland, Ber. 47, 2244). 
Silver oxide oxidises its solution in ether to o-benzoquiiione (p. 234). Chlorine 
converts a solution of catechol in acetic acid into tetrachloro-catechol, tetrachloro- 
o-quinone, and hexachloro-o-diketo-cy clohexene (p. 30). Nitrous acid in ether 
solution oxidises it to dihydroxy tartaric acid. Catechol condenses with a large 
number of substances with the formation of heterocyclic compounds, the chief of 
which are shown in the table on p. 221. When heated with phthalic anhydride 
and sulphuric acid it gives alizarin (p. 662) and hystazarin (p. 664); cf. proto- 
catechualdehyde and protocatechuic acid. It is used as a developer in photog¬ 
raphy. 

ETHERS. Some ethers of catechol, notably the methyl and dimethyl ethers, 
are of special importance because of their close relationship with many natural 
vegetable substances, such as eugenol, safrol, apiol, piperonal, papaverin, etc. 
Catechol methyl ether, guaiacol, HO[l]CeH4[2JOCHj, m.p. 32°, b.p. 204.7°, is 
found in the creosote from beech-wood tar (BShal, Bull. [3], 11, 939), and among 
the distillation products of guaiac resin. It is obtained when catecnol is heated 
with caustic potash and methyl potassium sulphate, or dimethyl sulphate to 180°, 
by heating calcium vanillate, and from veratrole. (Ger. Pat. 78,310). Its alco¬ 
holic solution gives an emerald-green colour with ferric chloride (see vanillin). 
5-Chloro-guaiacol, Cl[6]C6H8[l]OH[2]OCH3, m.p. 37°, is obtained by convert¬ 
ing 6-chloro-anisiaine into its diazo-compound, and boiling this with copper sul¬ 
phate solution (Pol. Pat. 9355, 1927). p-Nitroso-guaiacol, C6H8[2,l](OCH8)- 
(OH)[4]NO. obtained from guaiacol, soaium ethylate and ethyl nitrite, gives 
nitroguaiacol, on oxidation, and amino-guaiacol, CbHs(OCH 3 )(OH)NH 2 , on 
reduction {Rupe, Ber. 30, 2444). See PoTecoff, Robinson, J. 113, 645, for the 
nitroderivatives, and Rising, Ber. 39, 3685, and Ger. Pat. 188,506 for the sul¬ 
phonic derivatives of guaiacol. Numerous derivatives of guaiacol are used in the 
treatment of pulmonary tuberculosis. 

The dimethyl ether, veratrole, CeH 4 [l, 2 ](OCHi) 2 , m.p. 15°, b.p. 205°, is 
obtained by the action of methyl iodide or dimethyl sulphate on potassium 
guaiacolatc, or by heating vcratric acid with lime. Its dipole moment, and that 
of the diethyl ether of catachol, indicate an interaction between the alkoxyl groups 
{Weissberger, Physikal. Z. 30, 792; cf. p. 227). For bromo-veratrole see Klemenc, 
Mo. 32,641. 

Catechol mono- and di-alM ethers, b.p. about 82° (4.5 mm.), and 106-107° 
(5 mm.), respectively, are obtained from catechol, allyl bromide and potassium 
carbonate in acetone. When heated they rearrange into 3- and 4-allyl-catechols 
(p. 452) (Kawai, Phys. Chem. Japan, 1926). 

Catechol methylene- and ethylene-ethers, b.p. 173° and 216°. Glyoxalo- 
dicatechol, (C6H402)CH*CH(C6H402), m.p. 89°, obtained from acetylene tetra- 
bromide and sodium catecholatc, yields on hydrolysis probably glyoxalo-mono¬ 
catechol (C 6 H 402 )CH*CHO, as an intermediate, and o-hydroxy-phenoxy-acetic 
acid, H0C«H40*CH2C00H, m.p. 131° as final product. The latter is also ob¬ 
tained directly from monosodium catecholate and chloroacetic acid (Ludewi^^, 

pr. 61, 345; Carter, Proc. 16, 162); it readily gives the lactone C 8 H 4 ^^ , 

m.p. 66°, b.p. 243° (Biaehoff, Ber. 40,2779). 
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Ethene-catechol, C(H< 


yO—CH 

■Oh’ 


and propene-catechol, are obtained from 


o-hydroxyphenoxy-acetaldehyde and o-hydroxyphenoxy-acetone with acetyl 
chloride or phosphorus pentoxide {Moureu, Ann. ch. ph. [7]. 18, 76). Cyclic 
ethers of the type C 6 H 4 : 02 :CRR' are obtained from catechol by condensation 
with aldehydes and ketones (Slooff, Rec. 54, 995). 

Catechol diphenyl ether, CeH4[l,2](OC6H6)2, m.p. 93®, is obtained by heating 
c-dibromobcnzene with potassium phenate in the presence of copper powder. 
Catechol monophenyl ether, OH[l]C€H4[2](OC«H5), m.p. 107®, and o,o'-di- 
hydroxyphenyl ether, (C«H 40 H) 20 , m.p. 121® are obtained similarly by fusing 
o-bromo-anisole with potassiiun phenate and guaiacolatc, respectively, the mono- 
and di-methyl ethers oeing intermediate products. When heated with HBr the 

0 , 0 '-dihydroxyphenyl ether gives diphenylene dioxide, 06 ll 4 ^^^^C 6 H 4 , m.p. 

119® (Ullmann, Ber. 39, 622), Mono- and di-benzoyl esters, m.p. 130® and 84®. 

Catechol sulphite, C6H4:02:S:0, b.p. 211° {Amchutz^ Ber. 27, 752). The 
following phosphorus derivatives of catechol have been prepared by A7ischutz 
and co-workers: Catechyl-phosphorus monochloride, catecdiol-chlorophosphine, 
C«H4:02:P*C1, m.p. 30° (Ber. 61, 1264). Catechyl-phosphorus trichloride, 
C4H4:02:PCl3, m.p. 61-62® (Ann. 454, 109). Catechyl-phosphorus oxychloride, 
C«H4:02:P(:0)C1, m.p. 58-59® (J. pr. 115, 379). Catechyl-phosphorus thio- 
chloride, C6H'4:02:P(:S)C1, m.p. 49-50° (Bor. 61, 1267). o-Phenylene phos¬ 
phite, (C 6 H 4 :) 3 (P 03 ) 2 , b.p. 240-245° (12 mm.) (Ber. 61, 1264). Alkyl- and 
aryl-o-phenylene phosphites, C«H4:02:P 0 R (J. pr. 133, 65). o-Phenylene 
phosphate, (CeH 4 :)a(P 04 ) 2 , m.p. 230° (J. pr. 115, 380). o-Phenylene ortho¬ 
phosphate, (C6ll4‘-02: ) 6 p 2 . m.p. 200-240® (Ann. 454, 116). This compound is an 
ester of the hypothetical (true) orthophosphoric acid, P(OH) 5 , and is the first of 
this class to be discovered. For nomenclature see Ber. 59, 2^8, note (1). Aryl- 
o-phenylene thiophosphate, C6H4:02:P(:S)0Ar (J. pr, 133, 80). Dicatechyl- 
phosphorus monochloride, C6H4:02:P(C1) :02:C6H4, m.p. 166-168° (Ann. 454, 
90, 114). 

Catechol carbonate, C 6 H 4 ^^^CO, m.p. 118®, b.p. 227®, is obtained from 

E otassium catecholate by the action of ethyl carbonate or carbonyl chloride, or 
y the action of phosphorus pentachloride on catechol-methylene ether, and de¬ 
composing the resulting catechol-dichloromethylene ether, C 6 H 4 ^^^^CCli with 


water {Barger^ J. 93, 563). This reaction is important because it enables numer¬ 
ous natural derivatives of catechol methylene ether to be converted into catechol 
derivatives, which otherwise might be difficult to obtain; cf. protocatechuic alde¬ 
hyde. 

4-Nitro-catechol, m.p. 174-175®, is obtained by the nitration of the carbonate, 
and subsequent hydrolysis, and also from 4-nitro-2-chloro-phenol (Ger. Pat. 
264,012; van Erp, I3er. 64,2813). Catechol carbonate is easily oroken down when 
heated with alcohols or amines, o-hydroxyphenyl-carbonic esters and carbaminic- 
o-hydroxyphenol esters being formed • with hydrazine hydrate it gives cathechol- 
carbonic hydrazide, H 0 CeH 40 C 0 NHNH 2 , which reacts readily with aldehydes 
in alcoholic solution, but not with ketones {Wallach. Ann. 226, 84; Einkom. 

yOCO 

Ann. 300, 135; 317, 190). Oxalic ester, C 6 H 4 ^^ m.p. 185®, is obtained 

from sodium catecholate and oxal-ethylic ester acid chloride (Bischoff, Ber. 35, 
3452). 

FORMATION OF HETEROCYCLIC COMPOUNDS FROM CATECHOL. 
Cyclic eaters of catechol are formed when both its hydroxyl hydrogens are replaced 
by the action of compounds such as thionyl chloride, phosphorus trichloride, 
phosphorus oxychloride, carbonyl chloride, ethylene dibromide, etc. (see above). 
o-Phenylene diamine, o-aminophenol, and o-amino-thiophenol condense with 
catechol to give phenazine, phenoxazine^ and thiodiphenylamine. 
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Thiodiphenylamine 


HOMOLOGOUS CATECHOLS. Isohomo-catechol, CH,[ 11C«H,12,3] (OH)t, 
m.p. 45°; 2-methyl ether, crystallising with ^/jH 20 , m.p. 39°; 3-metiiyl ether, 
m.p. 41-42°; dimethyl ether, b.p. 202-203° (Majivia, Ber. 49, 1482). Homo¬ 
catechol, CH 8 [ 11 C 4 H 3 [ 3 , 4 ](OH)j, m.p. 65°, b.p. 130° (11 mm.) (AruschutZf 
Ann. 482, 25) has been prepared from protocatechnic aldehyde by Clemmensen^s 
method. It occurs in beech-wood tar in the form of its 3-methyl ether, creosol, 
CHsIlJCeHafS](OCHs) [4]OH, m.p. 5.3°, b.p. 221 °, together with phlorol and 
guniacol. Creiisol and guaiacol (p. 219) are among the distillation products of 
guaiac rCvsin. Higher homologiies of catechol are obtained by treating it with ali¬ 
phatic alcohols and zinc chloride {Tietnann^ Ber. 14, 2005; Cousin^ Ann. ch. ph. 
[7], 18, 78; Ger. Pat. 78,882). Homoveratrole, m.p. 24°, has been found in the 
tar oil from several kinds of wood. 3-Ethoxy-4-hydro 3 ^-l-methyl benzene, 
m.p. 34°; 4-ethoxy-3-hydroxy-l-methyl-benzene, m.p. 58° {StPinkopf^ Ber. 64, 
990). 4-Ethyl-2-methoiy-l-hydroxybenzene, ethyl guaiacol, b.p. 95-96° (5 
mm.), benzoate, m.p. 65°, phenyl urethane, m.p. 107°, hiis been detected in the 
essential oil of campnor and in different wooa tar oils {Rochussen, J. pr. 105, 120). 
For the synthesis of ethyl guaiacol from vanillin see Ar. Pharni. 268, 312. Di- 
homocatechyl-phosphorus monochloride, CHs • CeHi: O 2 : P (Cl): O 2 ; C«Ils • CH 3 , is 
an important compound in connection with the problem of the pentavalency of 
phosphorus {Anschutz, Ann. 482, 25). Ethyl-, propyl-, and isopropyl-catechols, 
melting at 39°, 60° and 78°. respectively, are prepared from the corresponding 
methylene ethers (Delange, C.r. 138, 423, 1701). 

4-Propyl-guaiacol, dihydro^-eugenol, m.p. 18-19°, is formed when eugenol vapour 
is catalytically reduced at 250-270° in the presence of copper, and 6 -propyl- 
guaiacol, m.p. 24°, is obtained in a similar way from o-eugenol. Other saturated 
alkvlated catechol ethers have been obtained by hydrogenating methyl-eugenol 
and safrol. Catechols substituted in the 3- and 4-position by higher alkyl groups 
have been obtained by the reduction of uruschioL the chief constituent of Japanese 
lacquer. 3-Pentadecyl-catechol, hydrourmchiol, melts at 68-69°. Its dimethyl 
ether has been synthesised by Maxima (Ber. 48, 1596} from dimethoxyhydro- 
caffeyl chloride and the sodium derivative of 1 -dodecine. 
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Monothio-catechol, C®H 4 [l, 2 ](SH)(OH), m.p. 6®^ b.p. 217®, is formed in the 
reduction of diphenol disulphide, (C«H 40 H) 2 Sa, obtained by heating sodium phe- 
nate with sulphur {LeFhvre, C.r. 198, 1432). The thio-ethers of the former are 
produced when o-amino-thio-ethers are diazotised and the products are boiled 
with water {Holt, Am. 46, 2333). Dithio-catechol, C 6 H 4 (SH) 2 , m.p. about 28®, 
is obtained by reducing o-oenzene disulphochloride with tin and hydrochloric acid 
(Poliak, Mo. 34, 1673). o,o'-Dihydroxy-diphenyl sulphide, (C 6 H 40 H) 2 S, m.p. 
142® (Mauthner, Ber. 39, 1350). 

Diphenylene disulphide, thianihrene, CeH 

should be regarded as a derivative of dithio-catechol, C 6 H 4 (SH) 2 . It is obtained 
by boiling phenyl sulphide with sulphur; from benzene and sulphur chloride in 
the presence of aluminium chloride or aluminium amalgam (Boeseken, Rec. 24, 
209); by heating phenylene diazo-sulphide (p. 215), and by the action of alumin¬ 
ium chloride on thiophenol or phenyl disulphide (Deuss, Rec. 28, 13G). 

When oxidised with nitric acnd or chlorine, two forms of ihianthrene disulphoxide, 
C 6 H 4 (SO)aC 6 H 4 , m.p. 249® and 278®, are formed, which have been found to bo 
stereoisomeric, and are of interest in connection with the stereochemistry of sul¬ 
phur (Bergmann, Ber. 65, 457; Goldschmidt, '^Stereochemie,'' p. 166). When thi- 
anthrene is oxidised with chromic acid or permanganate ihianthrene disulphone, 
C«H4(S02)2C«H4, m.p. 234°, is produced. This, on heating with selenium, gives 
diphenylene diselenide, selenanthrene, C 6 H 4 ; ( 802 ) :C 8 H 4 , m.p. 181°, b.p. 223° 
(11 mm.) (Krafft, Ber. 29, 435, 443). 

Thiocyano-catechol, N<JS*08113(011)2, m.p. 142®, is obtained from catechol, 
ammonium thiocyanate, and bromine. Its diacetate melts at 58® (Machek, Mo. 
63, 218). 

THE RESORCINOL GROUP. Resorcinol and many of its 
homologues combine with phthalic anhydride to give fluoresceins (p. 
548). They give a dark-violet colour with ferric chloride. 

Resorcinol, C6H4(l,3)(OH)2, m.p. Ill®, b.p. 276®, is obtained 
from galbanum, asafoetida, and other resins on heating with potash, 
and by distilling Brazil-wood extract. Many m-disiibstitution 
products of benzene give rise to it when fused with potash or soda at 
230-280®. A few examples are 1,3-chloro- and 1,3-iodo-phenol, 1,3- 
phenol sulphonic acid, 1,3-benzene disulphonic acid, etc. Umbelli- 
ferone also gives it under similar circumstances. Even 0 - and p- 
compounds give resorcinol on fusion with potash or soda, especially at 
higher temperatures. Hence fusion with potash cannot be used for 
determination of constitution (p. 197). Resorcinol is obtained 
industrially from ?7i-benzene disulphonic acid (Degencr, J. pr. 20, 318). 

Properties and reactions. —Resorcinol crystallises in rhombic prisms 
or plates. It dissolves readily in water, alcohol, and ether, but not in 
chloroform or carbon disulphide. It has an intensely sweet taste. 
Its aqueous solution gives no precipitate with lead acetate, and may 
thus be distinguished from catechol. 


o 


•C 8 H 4 , m.p. 158®, b.p. 360® 


Sodium amalgam converts resorcinol into dlhydro-resorcinol (Ann. 278, 20), 
or m^yclohexane-dione (Vol. II, p. 111). Bromine water gives tribromo-resor- 
cinol, m.p. 111®. Chlorine in acetic acid ultimately converts it into heptachloro^ 
resoreinot (p. 31), the ring of which is easily opened (Zincke, Ber. 26, 498). 
When fused with soda it is converted into pbloroglucinol, catechol, and diresordnol 
(HO) 2 CeH 8 • CeH 8 (OH )2 (Ber. 26, R 233). On heatii^ with HCl tne hydrochloride 
of a trireaordnol, CigBluOi, is obtained. For the action of acetylene on resorcinol, 
see Flood, Am. 45, 1536. 

ETHERS AND ESTERS OF RESORCINOL. Monomethyl ether, b.p. 243® 
(Dey, Indian J. 12, 685): dimethyl ether, b.p. 214® (Hdhermann, Ber. 10, 868), 
dipole moment 1.7-1.75 D^; diphenyl ether, b.p. 61® (Fvllmann, Ann. 350, 96; 
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diacetyl ester, b.p. 278® {Typke, Ber. 16, 662); dicarbonic ester, C 6 H 4 (OCOO- 
CsHs)), b.p. 300® {Bender^ Ber. 13, 697); dibenzoic ester, b.p, 117® (Dabner, 
Ann. 210, 266); diethyl ether has dipole moment 1.7 D. 

Resorcinol combines with various sugars in the presence of HCl {Fischer^ 
Ber. 27, 1366). When heated with phthalic anhydride, resorcinol gives fluorea^ 
cein. With sodium nitrite, a de^-blue dye is formed, which turns red with acids. 
This is the indicator lacmoid (Traub, Ber. 17, 2617; 18, R 126). Nitric acid 
containing nitrous acid gives the dyes reaorufin and reaazurin, which are deriva¬ 
tives of phenoxazinc (Nietzki^ Ber. 23, 718). Resorcinol combines with three 
molecules of sodium bisulphite to form a di-ester sulphonate 

OSOjNa 

y ^ SO»N a 

which gives the rw-hydroxy-azo dye 


ONa 

C,H6N : N • ^ SO,Na 

with phenylhydrazine (Bucherer^ J. pr. 121, 113). Buff-coloured azo-dyes are 
formed from resorcinol and sodium nitrite, formic acid and sulphuric acid, and 
from resorcinol and diazotised nitranilines. 

When phenyl-diazonium nitrate or chloride acts upon aqueous or alkaline solu¬ 
tions of resorcinol, the produ(;ts are: benzene-azo-resorcinol, (PhN 2 )C 6 H 3 (OH)i 
(for its constitution see Orndorff, Am. Ch. J. 26, 169), a-and /S-resorcinol-bis- 
azobenzene (PhN 2 ) 2 C 6 ll 2 (OH )2 {Wallach^ Ber. 15, 2816; Liehermann^ Ber. 16. 
2858; 17, 880) and resorcinol-tris-azobenzene, (PhN 2 )iC 8 H(OH )2 m.p. 254® 

{Orndorf, Ber. 40, 3211). 

By the action of amyl nitrite on an alkaline solution of resorcinol, 4-nitroso- 
resorcinolj NO[4]C6H3ll,3](OH)j, is formed (Hennch, Ber. 35, 4191), while in 
acid solution, dinitroso-resorcinol, or diquinoyl-dioxime, CeH2[l,3](OJH)2[2,4]- 
(N 0 ) 2 , or C 6 H 202 (N 0 H) 2 , is immediately formed as yellowish-brown leaflets 
which deflagrate at 116®. This substance is put on the market as the dye solid 
green ^ or chlorin. The same compound is obtained by the action of NaN02 and 
glacial acetic acid and, like Qf-iiitroso-jS-naphthol, is used for the detection of co¬ 
balt {Orndorff^ Nichols, Am. 45, 1536). 1-Methoxy- and l-etho^-3-hydroxy-4- 
nitrosobenzene, NO[4]C6H8[3]OH[l]OCH8 and OC 2 H 6 , exist in two isomeric 
modifications, a labile green form and a stable yellow-brown form. When heated 
to 130°. the former is transformed into the latter. Both modifications yield the 
same alkali salts, from whose solutions the yellow-brown modification is precipi¬ 
tated by acid. The isomerism may be of this type: (RO)C6Hs(OH)NO and 
(R0)C6H8:0: (NOH), the green form being the true nitroso compound and the 
yellow-brown form, the quiiione-oxime (J. pr. 70, 332; see p. 202). 

w-Nitroresorcinol, (NO 2 ) [2]C6H3[1,3J (0H)2, orange-red needles, volatile with 
steam, results from the nitration of resorcinol-disulphonic acid and subsequent 
removal of the sulphonic acid groups by superheated steam (Kauffmann, Ber. 37, 
726). 

2 ;-Dinitroresorcmol, (N02)[2,4]C6H2[1,3](0H)2, m.p. 148°, is formed by 
treatment of resorcinol with nitric acid vapours and by boiling dinitroresorcylic 
acid with water (Hemmelmayr, Mo. 26, 185). 4,6-Dinitroresorcmol, (N02)2- 
[4,6]C6H,[1,3](0H)2, m.p. 212®. 

2,4,6-Trinitroresorcinol, styphnic add, hydroxypicric add, (N02)i[2,4,6]C6H- 
[1,3] (0H)2, m.p. 175®, is obtained by the action of cold nitric acid on resorcinol 
or resorcinol disulphomc acid and various gum resins, such as galhanum, and also 
by nitration of m-nitrophenol and several dinitrophenols. With hydrous ferrous 
sulphate and lime water it gives a green colouration (picric acid: blood red). 
The diethyl ether, m.p. 120r (Poliak, C. 1903, II, 829), is reduced by tin and 
hydrochloric acid to the triamino-resorcinol ether. Like picric acid, styphnic acid 
forms crystalline molecular compounds with hydrocarbons such as naphthalene 
and phenanthrene and with amines (Gibson, Proc. Chem. Soc. 24, 241; Jefremov, 
J. Russ. Phys. Chem. Soc. 51, 353). Oxidation with bromine at ordinary tem¬ 
peratures converts styphnic acid to hexabromo-trinitro-iso-valeric acid, [(NO 2 I- 
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Br*C)t:CBr-C[N02lBrC00H, m.p. 116-117® (Wieland, Jung. Ann. 445, 82). 

Tetranitro-resorcinol, (N02)4C*(0H)*, m.p. 152®, is convertea by boiling water 
to trinitro-phloroglucinol (Blanksma. Rec. 27, 25). 

Monothio-resorcinol, CJLIlJOHiSJSH, b.p. 168® (36 mm.), is prepared 
from sodium 1,3-phenol sulphonate through the carbethoxy-compound, the 
sulphochloride, and the mercaptan, which is saponified (Zincke, Ebel, Ber. 47, 
923). Dithio-resorcinol, ihio^resorcinol. CeH4[l,3](SH) 2 ^ m.p. 25®, b.p. 243®, 
the reduction product of m-benzenc disulphonyl chloride, is converted by heating 
with phenyl isocyanate to a ftis-phenylcarbamate, C 6 H 4 (SCONHC 6 H 6 )j, m.p. 
179® {Bourgeois. Rec. 18, 426; Snape, J. 69, 98). Dibenzyl-thioresorcinol, 
C«H 4 (SCH 2 C«H 6 )j, m.p. 60®, is prepared from dithio-resorcinol, benzyl chloride, 
and sodium hydroxide (Finzi^ Gazz. 44, I, 598). Resorcinol combines with 
sodium bisulphite at 100® to form the bisulphite compound of a 3,5-diketocyclo- 
hoxenc-sulphonic acid derived from the tautomeric quinone form of resorcinol 
{FuchSf Ber. 53, 886; c/. Bucherer, Ber. 53, 1457; Herzig^ Ber. 53, 1618): 


O 



H* 


HOMOLOGOUS RESORCINOLS. Alkylated resorcinols are 
produced by reducing acyl-resorcinols (themselves readily obtained 
from resorcinol and fatty acids in the presence of zinc chloride) with 
amalgamated zinc and hydrochloric acid. I^ike resorcinol itself, 
they are used as antiseptics (Br. Pats. 219,922, 222,136, 224,913, and 
250,892). Orcinol, more fully treated below, is by far the most 
important of the homologous resorcinols, of which the formulae and 
melting points are given in tlie table below: 


Rofiorcino) 


Orcinol, Cll3[llC6H/3,5|(OH).,. 

Cresorcinol, CIi3(lIC6H,[2,4](OH)2... 

2.5- Dihydroxytolucne, 

Cn3[l]CeH,[2,5](OH)2. 

2.6- Dihydroxytoluene, 

CHalUCJI,[2,6] (011)2. 

3,5-Dihydroxy-o-xylene, 

(CH,)2[l,2]C3H2[3,5](OII).,... 

2,4-Dihydroxy-7n-xyiene, 

(CH3)2[l,3]Cai,[2,4](OH)2. 

m-XylorcinoI, 

(CH,)2[l,3IC3H2[4,6](OII)2. 

i3-Orcinol, (CH3)3[1.4]CeH,(3,5] (OH)*. 
Mesorcinol, 

(CH3)3[l,3,5lCeH[2,4](OH)2. 

n-Propylresorcinol, 

C3H7[lICen,[2,4](OH)2.. 

Di-tert.-amylresorcinol, 

(CiHidaCeH,[1,31(011)2. 

Di-tert.-amylresorcinol, 

(C6Hi,)2C3H2fl,3I(06)2. 


M.p. 


1 Rffpipin'e 

l07° 

104® 

290® 

269° 

{Noeltiug^ Bct. 19, 13H) 

128® 


(Nietzki^ Ann. 215, 159) 

116-121° 


{Herzig, Mo. 24, 906) 

137® 


{Simon, Ann. 329, 305) 

148® 


<Ber. 23 3119) 

125® 

149® 

o o 

{Kostanecki, Btir. 19, 2315) 
{KnecM, Ann. 215, 1(K)) 

163® 

279® 

{Sonn, Bor., 49, 621) 

107-108® 


{Johnson, Am. 35, 1014) 

o 

QO 


{Gurswiisch, Ber. 25, 2653) 

67® 


(Ber. 32, 2426) 


Orcinol, Zfi-^ihydroxy-toluene^ CH3(1)C0H3[3,5](OH)2, {Neville^ 
Ber. IS, 2995), occurs in many lichens of the species Roccella, and 
Lecanora, partly as orcinoUcarboxylic add (orsellinic acid), and partly 
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as erythrin (diorsellinic erythritol ester) (Vol. I, p. 649). It is pre¬ 
pared from orsellinic acid by fusion, or by boiling with water, alcohol, 
lime water or baryta water, and is also obtained by fusing the extract 
of aloes with caustic potash. 

It has been obtained from 1,3,5-dinitrotoluene and other toluene derivatives 
(Ber. 15, 2992); by the distillation of silver dihydroxyphenyl-acetate, (HO)*- 
[SjSJCdHaillCHaCOOAg; and^by heating dehydracetic acid (Vol. I, p. 626) 
with concentrated caustic soda (Collie, J. 63, 122). For its synthesis from 1- 
methyl-cyclobutane-2-one-l-yl-acetic ester see Ingold, J. 121, 1143. 

Orcinol crystallises with 1 H 2 O in colourless, hexagonal prisms. It dissolves 
freely in water, alcohol, and ether, and has a sweet iaste. The hydrate melts 
at about 56® gradually loses water and melts in the anhydrous state at 107®; 
b.p. 290®. For the existence of two modifications see Schmim, Ann. 411, 193. 
L^ad acetate precipitates its aqueous scilutions, and with ferric chloride, orcinol 
gives a bluish-violet colour. With bleaching powder a fugitive dark-violet colour 
is produced. Diazo-compounds form azo^yes. Phthalic anhydride does not 
give a fluorescein (p. 223). When treated with chlorine in acetic acid it gives 
trichloro-orcinol, m.p. 127®, and with chlorine in chloroform pentachloro-orcinol, 
or l,3,5-diketo-methyl-2,2,4,6,6-pentachloro-A*-cyclohezene, m.p. 120® (Zincke, 
Ber. 26, 317). 

Dinitroso-orcinol, CHs‘CeH(OH) 2 (NO) 2 , see Goldschmidt, Ber. 20, 1608. 
Nifroso-orcinol, hydroxy-tolu-o~auinone-oxime, CH|[ 1 ]C6H2[3,5,4l (OH)j(NO), 
exists in two modifications—darfe-red needles and bright yellow crystals. The 
first change to the second when heated to 128® (Hantzsch, Ber. 39, 162). It must 
be regarded as a derivative of an o-quinone because its methyl ether, obtained by 
methylating the quinone-oxime as well as from orcinol monomethyl ether, m.p, 
63®, with nitrogen trioxide, gives an aminophenol on reduction (Henrich, Ber. 32, 
3419; 36, 882). For amino-orcinol and its oxidation products, which are relatea 
to the naturally occurring litmus (see below), see Henrich, Mo. 19,483; C. 1903,1, 
25). 

When an ammoniacal solution of orcinol is allowed to stand in air, 
orceiriy C 28 H 24 N 2 O 7 , separates out as a fawn-coloured amorphous pow¬ 
der (Zulkowskiy Mo. 11 , 227; Herzig^ Mo, 24, 885). It dissolves in 
alcohol and in alkalis giving a dark-red solution and is precipitated 
from these solutions by the addition of acids. It gives red mordant 
dyes with metallic salts. Orcein is the chief constituent of commer¬ 
cial orseille (also known as persio, cudbear, and French purple), which 
is extracted from the same lichens as orcinol by treatment with am¬ 
monia and air. Litmus is made from the lichens Rocella and 
Lecanora by the action of ammonia and potassium carbonate. The 
concentrated solution of the blue potassium salt formed is mixed 
with chalk or gypsum and is the commercial litmus. 

i8o-Orcinol, cresorcinol, or yarcinol is obtained from 2.4-toluene disulphonic 
acid by fusion with potash, from amino-o-cresol. etc., ana also from methylene 
6i8-resorcinol (p. 512), the reaction product of formaldehyde and resorcinol, 
by reduction with zinc dust and caustic soda. By repeating the condensation 
with formaldehyde and reducing the resulting methylene-6fs-cresorcinol, m- 
xylorcinol is obtained (Luther, Arch. Ph. 244, 561). 3,5-Dihyclroxy-o-xyIene 
and 1, 2, 6-trimethyl-3,5-dihydroxy-benzene are similarly obtained from orcinol 
(Simon, Ann. 329, 305). p-Xylorcinol, or ^-orcinol, is obtained from m-dinitro- 
p-xylene, and has been isolated from the distillation products of various lichen 
acids, e.g,. usnic acid. It rapidly turns red in air containing ammonia. Mesor- 
cinol, or aihydroxy-mesitylene is obtained from dinitro-mesitylene. 

n-]ra^yl-3,5-dUiydroxybenzene. divarin, m.p. 44® (hydrated), occurs in the 
lichen Evemia dwericata, and has been artificially prepar^ from methyl ethers of 
n-propyl-pyrogallol (g.v.) found in beech-wood tar. by exhaustive methylation, 
remove of the p-methoxy-group, and hydrolysis of the remaining methoxy-groups 
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(Sonn, Ber. 57, 959). n-Amyl-3,6-dlhydroxybenzene, oliveiol, m.p. 40--41®, is a 
decomposition product of the Japanese lichen Alectoria divergens, and has been 
synthesised from n-caproyl-acetic ester and acetone-dicarboxylic ester with so¬ 
dium (Asahina, Ber. 65, 479). 

THE HYDROQUINONE GROUP. The p-dihydroxy-benzenes 
are usually called hydroquinones, because they are readily formed 
by the reduction of p-quinones, and are just as readily converted 
into quinones by oxidation with ferric chloride. The more rational 
name suggested, ‘‘quinols,” is, unfortunately, used for another group 
of substances (p. 340). 

Hydroquinone, p-dihydroxy-ben: 5 ene, C6H4[l,4](OH)2, m.p. 169®, 
was discovered by Wdhler (Ann. 65, 349), among the distillation 
products of quinic acid. It can be obtained by heating an aqueous 
solution of quinic acid with lead dioxide: 

C,H7(0H)4C00H + O = C.H4(0H)2 + CO 2 + SHjO. 

It is formed, together with glucose, by the hydrolysis of the glucoside 
arhutin (Vol. II, p. 355), and occurs in Protea mellifera (Ber. 29, R 
416). It is also obtained by the electrolytic oxidation of an alcoholic 
solution of benzene containing sulphuric acid (Gattermanriy Ber. 27, 
1942), by heating p-halogeno-phenols with aqueous caustic alkali at 
180®, from 5-hydroxy-salicylic acid, from p-aminophenol, and, in 
small quantities, by the distillation of succinates. 

In the preparation of hydroquinone, quinone is reduced by sulphur dioxide, 
the aqueous solution is extracted with ether, and the substance is recrystallisea 
from hot water containing a little sulphur dioxide. The solution is purified by the 
addition of animal charcoal (Nietzki. Ber. 19, 1467). XJ. S. Pat. 1,849,844 de¬ 
scribes its manufacture by the hydrolysis of p-dichloro-benzene in an autoclave. 
Tolu-hydroquinone has been preparea by the action of hydrogen peroxide on o- 
cresol in the presence of ferrous sulphate (Ono, Bull. Japan 11, 132), 

Hydroquinone is dimorphous. It sublimes in monoclinic leaflets^ and crys¬ 
tallises in hexagonal prisms. It decomposes on rapid heating. It dissolves 
freely in water, alcohol, and ether. It forms crystalline compounds with hydro¬ 
gen sulphide and sulphur dioxide, which are decomposed by water. Its solutions 
give a reddish-brown colour with ammonia. Oxidising agents, such as ferric 
chloride, potassium dichromate and sulphuric acid, convert it into quinone. with 
the intermediate formation of quinhydrone. It reacts with oxygen in altaline 
solution, with the formation of highly coloured crystalline substances which 
have not yet been fully investigated {Harger, Proc. Wash, 3, 67; Evler, Z. 
physikal. Chem. 139, 615). Hydroquinone is oxidised by Fehling’s solution to 
dihydroxy-quinone (p. 239) (Pinnov). J. pr. 98, 81). Like quinone, it forms 
quinane^diaxime with hydroxylamine (p. 241) (Renaud, Ber. 22, 1283). It does 
not couple with diazonium salts to give azo-compounds, but is, instead, oxidised 
to quinone (Or/on, J. 93, 1010), 

Hydroquinone is iLsed as a developer in photography, as an inhibitor in cases 
of autoxidation. and as an antifermentative and antipyretic. 

Ethers: Hyoroquinone monomethyl ether, MeO[4]C6H4[l]OH, m.p. 56^, 
b.p. 247®, has been obtained from methyUarhutin (Vol. II, p. 355) and by the 
action of methyl iodide and caustic potash on hydroquinone. The methylation 
can also be effected with potassium methyl sulphate or dimethyl sulphate {Tie^ 
mann, Ber, 14, 1989; J. 1926, 304), Dimethyl ether, m.p, 66.8®, b.p. 205®. 
Ethyl ether, m.p. 66®, b.p. 246®, occurs in small quantities in star anise oil. 
Diethyl ether, m.p. 71®. Diphenyl ether, m.p. 77® (Ullmann, Ann. 350, 97). 

The dipole moments of hydroquinone dimethyl and diethyl ethers 
have been found to be approximately 1 D., which shows that the two 
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valencies of each oxygen atom do not form a straight line, as, if this 
were the case, the dipole moment would be zero. It can be deduced 
that the angle formed by these valencies is not far from 109°, the 
tetrahedral angle of the carbon valencies, and also that the —O— 
groups, at the temperature of the determination (25°) rotate freely 
about the phenyl-oxygen link. Their mutual electrostatic induction 
is negligible compared with their kinetic energy {Weisshergery Phys. Z. 
30, 792). For the relationship between dipole moment and structure 
see Uilckel, Theoretische Grundlagen, II, 36 et seq., 49. 

Hydro^inone-bts-chloro-phosphine, C 6 H 4 (OPCl 2 ) 2 , m.p. 66®. b.p. 200® (66 
mm.). Hydroquuione-&M-oxychloro-phosphme, CeH 4 (OPOCl 2 ) 2 , m.p. 123®, 
b.p. 270® (70 mm.) (Knauer, Ber. 27, 2568). Hydroquinone diacetate, CeH 4 - 
(0C0CH3)2, m.p. 123®. Hydroquinone dibenzoate, C 6 H 4 (OCOPh)t, m.p. 
199®. 

HOMOLOGOUS HYDROQUINONES. These are usually prepared bjr the 
action of sulphui* dioxide on the homologues of the quinones. Tolu-hydroquinone 
and some other homologues are also obtained from p~tolyUhydroxylamine and 
other p-alkyl-phenyl-hydroxylamines by the action of hot dilute sulphuric acid. 
The mechanism appears to be that quinols (p. 340) are first formed, and then re¬ 
arrange. The formation of tolu-hydroquinone by the oxidation of p-cresol with 
Caro’s acid, a rather unexpected reaction, is also due to the intermediate forma¬ 
tion of toluquinol (Kiimagai, Ber. 41, 299). Alkaline permanganate normally 
produces homocatechol. Hydro-p-xyloquinone is called hydrophlorone. Di¬ 
methyl-hydrothymoquinone, b.p. 249®, is found in the essential oil of Arnica 
monlana (Ann. 170, 363) and in ayapana oil from Eupatorinm Ayapana (Ber. 41, 
509). Di-tert.-amyl-hydroquinone is formed from hydroquinone and iso-amyleno 
by the action of acetic acid and sulphuric acid (Kdniga, Ber. 25, 2650). 

Toluhydroquinone, CH3[l]C«Ha[2,51(OH)2, m.p. 124® {Nietzki. Ann. 215, 
159; NeirllCy Ber. 15, 2981). 

o-Xylohydroquinone, (CH3)2[l,2]CeH2[3,6l(OH)2, m.p. 221® {Klingel, Ber. 
18,2673). 

m-Xylohydroquinone, (CH8)2[l,3JCeH2[2,5](OH)2, m.p. 150® {Noelting, Ber. 
18, 1151). 

p-Xylohydroquinone, (CH8)2[l,4]C4H2[2,6](OH)2, m.p. 213® {Sabatier, C.r. 
146, 458). 

Pseudocumohydroquiuone, (CH3)a[l,2,41C«H[2,5](OH)2, m.p. 169® {Noelting, 
Ber. 18, 1152). 

Thymohydroquinone, (CH3)(C3H7)ll,4]C«H2l2,5](OH)2, m.p. 139®; b.p. 
290®. 

Di-tert.-amylhydroquinone, (C4Hii)2C6H2[l,4](OH) 2 , m.p. 185®. 

SUBSTITUTED HYDROQUINONES. Monochloro- and monobromo-hydro- 
quinones have been obtained by the action of concentrated hydrochloric and 
hydrobromic acids, respectively, on p-quinone {Wickelhaus, Ber. 12^ 1504; 
Levy, Ann. 210, 1^), and dichloro-hydroquinone has been obtained similarly 
from monochloro-quinone, etc. Di-, tri-, and tetra-chloro-hydroquinones are 
obtained by the action of sulphur dioxide on the corresponding chloro-quinones. 
Tetrachloro-hydroquinone forms esters with fatty acids which crystallise readily 
{Bouvavlt, C.r. 12Q, 63). 

Monochloro-hydroquinone, m.p. 104® Monobromo-hydroquinone, m.p. 116® 
2,6-Dichloro-hydroquinone, m.p. 172® 2,5-Dibromo-hydroquinone, m.p. 186® 
2,6-Dichloro-hydroquinone, m.p. 165® 2,6-Dibromo-hydroquinone, m.p. 163® 
Trichloro-hydroquinone, m.p. 134® Tribromo-hydroquinone, m.p. 136® 

Tetrachloro-hydroquinone, m.p, 232® Tetrabromo-hydroquinono, m.p. 244® 

Nitro-hydroquinone, m.p. 193®, is obtained by the action of ammonium per¬ 
sulphate on nitrophenol {Elbe, J. pr 48, 179). 2,3- and 2,6-Dinitro-dieniyl- 
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hjrdro^uinone, m.p. 130® and 176® (Nieizhi, Ann. 215, 149) are obtained by 
nitration of nydroquinone diethyl ether, and give the same trinitro-diethyL 
hydroquinone, m.p. 130®. 2,5-Dinitro-hydroquinone diacetate, m.p. 96®, ob¬ 
tained ^ nitration of hydroquinone diacetate, readily exchanges one NO 2 group 
for NHPh. 2,6-Dinitro-hydroquinone, m.p. 136®, is obtained from 2,6-dinitro- 
arbutin, or from dinitro-hydroquinone diacetate. On reduction of the nitro¬ 
compounds, amino-hydroquinones are formed (Nietzki, Ber. 24, 3824; Richter^ 
Ber. 49, 1398). 1,4-Diamino-hydroquinone is obtained from 2,6-dihydroxy- 
quinone dioxime (p. 239). Triazo-hydroquinone^ CeH8(l,41 (OH)2[3)N3, forms 
wliite explosive leaflets, and is formed by the action of excess of hydrazoic acid 
in benzene solution on quinone. It dissolves in dilute solutions of caustic alkalis 
with decomposition (Oliveri, Gazz. 45,1, 307; II. 138). 

Dichloro-hydroquinone-disulphonic acid. (H0)2C6Cl2(S03H)s, is obtained by 
the action of potassium bisulphite on tetracnloro-quinone {Hesse, Ann. 114, 324). 
Its aqueous solution gives an indigo-blue colour with ferric chloride. When boiled 
with caustic potash it gives euthiochranic acid (p. 240), taking up oxygen from the 
air. 


Monothio-hydroquinone, C6H4[l,4](OH)(SH), m.p. 30®, b.p, 167® (45 mm.), 
can be prepared by the action of potassium xanthate on p-diazophenol chloride, 
or from sodium-1-carbethoxyphenol-4-sulphonate by first converting it into a 



150® (Ger. Pats. 147,552, 147,580, and' 147,634). p.p'-Dimethoxy-diphenyl 
sulphide, dianisyl sulphide, S(C 6 H 40 Me) 2 , m.p. 46®, and similar compounds are 
producea, together with sulphoxides and sulphonium salts, when thionyl chloride 
or sulphur monochloride, and aluminium chloride act upon phenol ethers {Loth, 
Ber. 27, 2640; Smiles, J. 93, 745). 

Dithio-hydroquinone, C6H4[1,4](SH)2, m.p. 98®, is obtained from p-benzene 
disulphonic chloride, or from p-diazophenyl disulphide. It is gradually oxidised 
by atmospheric oxygen to p-phenylene disulphide (CeH 4 S 2 )». When methjrlated 
it gives p-phenylene dimethyl-disulphide, C«H 4 (SMe) 2 , m.p. 85®, and this, on 
oxidation with nitric acid, gives a disulphozide, C 8 H 4 (SOMe) 2 , m.p. 188®, and a 
disulphone, C«H4(S02Me)2, m.p. 260® {Zincke, Ber. 42,2721). The tetrabromide 
of dithiohydroquinone dimethyl ether exists in two forms with m.p. 67-70® and 
107-109® thought to be stereoisomeric. Dihydrozy-disulphides. HO-C»H 4 S-- 
S*C«H4-0H, are obtained by the action of sulphur on phenols {LeFhvre, C.r. 198. 
432). Dibenzyl-thio-hydroquinone, C 6 H 4 [ 1,4] (SCH 2 Ph) 2 , m.p. 127®, is obtained 
by the action of benzyl chloride and sodium hydroxide on dithiohydroquinone 
{Finzi, Gazz. 44,1, 693). 

p-THIOCYANO-PHENOLS, PHENOL THIOCYANATES, and their alkyl 
ethers are obtained by treating phenols and phenol ethers with a methyl alcoholic 
solution of sodium thiocyanate and then brominating, or by acting upon diazo- 
tised anisidine or phenetidine with cuprous thiocyanate. In the latter reaction, 
isothiocyanates or ^‘alkoxyphenyl-mustard oils'' (p. 207) are also formed as by¬ 
products. The isothiocyanates give thio-urea derivatives (Vol. I, p. 608) when 
treated with ammonia, while the tliiocyanates themselves do not. The mustard 
oils are not produced oy a thermal rearrangement of thiocyanates, which are n(»t 
affected by neat. 4-Thiocyano-anisole, m.p. 35°, gives 2-nitro-4-thiocyano-ani- 
sole, m.p. 106®, with nitric acid. 4-Tliiocyano-phenetole, m.p. 48°. Thio- 
cyano-cresols: 6-thiocyano-o-cresol, m.p. 71®, 5-thiocyano-m-cresol, m.p. 76®, 
5-thiocyano-p-crasol, m.p. 105®. The last-named compound rearranges during 


formation to a cyclic compound, 


CH,[41001, 


NH. 6-Thiocyano- 


thymol, m.p. 105° (Kaufmann, Ber. 59, 187; Ar. Fharm. 267, 192). Thio* 
cyano'pyrocatechol, see p. 222. 


Trihydric Phenols 

All three isomeric trihydroxy-benzenes are known. They are 
pyrogallol, phloroglucinol, and hydroxy-hydroquinone. A special 
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method of formation of the polyhydroxy-benzenes consists of the 
hydrolysis of polyamino-benzenes. This is particularly suitable for 
the preparation of phloroglucinols or sym-trihydroxybenzenes. 

Pyrogalloli C6H3(l,2,3)(OH)3, m.p. 132°, is formed when gallic 
acid (pyrogallol carboxylic acid), COOH[l]C6H2[3,4,5](OH)3, is 
heated by itself. It loses carbon dioxide. This was first observed 
by Scheele in 1786. A better method is to heat gallic acid with water 
to 210°. Pyrogallol is also obtained from haematoxylin, and from 
the two p-chlorophenol disulphonic acids, by fusion with caustic 
potash. It forms lustrous white leaflets or needles, readily soluble 
in water, but less in alcohol and ether. The alkaline solution very 
readily absorbs oxygen. The first product of this reaction, especially 
if the alkali used is barium hydroxide, is hexahydroxy-diphenyly 
(H0)3C6H2.C6H2(0H)8 (HarrieSy Bcr. 35, 2954). Subsequently it 
breaks down to carbon dioxide, acetic acid, and some brown-coloured 
products. It is used in gas analysis for the determination of oxygen, 
and in photography as a developer. Pyrogallol rapidly reduces salts 
of mercury, silver, and gold, with precipitation of the metals, while 
it itself is oxidised to acetic and oxalic acids. 

Pyrogallol gives a blue colour with a solution containing ferrous and ferric 
ions. The colour turns brown on standing. An excess of ferric salt oxidises it to 
purpuro-gallin, a dye, which can also be obtained by electrolytic oxidation of 
pyrogallol {Perkin^ Proc. 19, 58; 20, 18; J. 85, 243). The course of this reaction 
has not yet been fully elucidated. Lead acetate gives a white [precipitate of 
C«H8(0H)20Pb00H, with pyrogallol. Antimony is completely precipitated from 
solution as pyrogallate. With iodine solution, pyrogallol gives a purple-red colour 
in either aqueous or alcoholic solution. Gallic and tannic acids give a similar 
coloration. 

Ethers, —1-Methyl ether, m.p. 41®, b.p. 147® (16 mm.); 2-methyl ether, m.p. 
87®, b.p. 155® (24 mm.). The 1,3-dimethyl ether, m.p. 26®, b.p. 251®, occurs in 
beech-wood tar, and can be obtained by the partial hydrolysis of the trimethyl 
ether. It is interesting to note that in the latter reaction the central methoxyl 



derivative. For the reaction of this ether with benzoyl chloride, see Mauthner^ 
J. pr. 133, 126. 1,2-Dimeihyl ether, b.p. 235® {Herzig, Mo. 25, 501, 808). Tri- 
methyl ether m.p. 47®, b.p. 236® (Wm, Ber. 21, 607, 2020). The ethyl, diethyl 
and triethyl ethers melt at 95°, 79°, and 39°, respectively. For unsaturatea 
ethers and their Claisen rearrangements^ see Hurd, Am. 57, 1731. 

The syrupy dimethyl acetate gives a qumone, CeH2(OMe)202, with chromic acid. 
The crystalline triacetate melts at 164® (Vosswinckcl, Ber. 45, 1246). It loses 
an acetyl group when heated with ZnCh to 145°, and is converted into gallo- 
acetophenone (p. 352) (Heller, Ber. 45, 2389). Pyrogallol carbonate, 

HOC*H 

m.p. 133°, is bbtained by the action of carbonyl chloride in pyridine on pyro¬ 
gallol, and can be reconverted into pyrogallol by the action of hot water (Einhom, 
Ber. 37, 106). 

Trichloro-pyrogallol, C8Cli(OH)j, m.p. 177° (decomp.) (Hantzsch, Ber. 20. 
2035). 4-Bromo-pyrogallol, Br[4]C*Hil 1,2,31 (OH) 3 , m.p. 140° (decomp.): 
4.6-dibromo-pyrogdlol, Br2[4,61C«Hll,2,3j(OH)i, m.p. 158® (decomp.L are 
obtained by brominating pyrogallol carbonate. Tribromo-pyrogallol, CeBrj- 
(OH)i, m.p. 168-170°, obtained by the action of bromine on pyrogallol, gives 
xanthogallol (Vol. II, p. 59) when heated with bromine (Th&urer, Ann. 245, 
335). 
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4-Nitro- and 4,6-dinitro-pyrogallol, m.p. 162® and 208®, respectively, have 
been obtained by nitrating pyrogallol carbonate. They can bo reduced, to the 
corresponding amino-compounds^ which are substances which can be readily 
oxidised, and which, on boiling with water or dilute acids, give 1,2,3,4-tetrahy- 
droxy- and pentahydroxy-benzene, respectively {Einhorn, Ber. 37, 114). 

Methyl-pyrogallol-dimethyl ether, MeC 6 H 2 (OH)(OMe) 2 , m.p. 36®, b.p. 266®, 
occurs in beech-wood tar. 1-Methyl-3,4,5-p3^ogallol-4,5-dimethyl ether, iridol, 
m.p. 57®, b.p. 249®, is obtained by distillation of iridic acid, COOH • CH 2 CftH 2 - 
(OH) (OMo )2 (Ber. 26, 2018). The 3,5-dimethyl ether is an oil; its acetate, m.p. 
70®, is found in wood-tar (Schultes, Ber. 69, 1870). 1-Ethyl-3,4,5-pyrogallol, 

m.p. 86-87®. is prepared by reducing 3,4,5-trimethyl-gallo-acetophenone by 
Clemmensen^s method, and removing the methyl groups with HI (Mauthner, J. 
pr. 129, 281). 1-Propyl-3,4,5-pyrogallol, hydroxt/divarin, m.p. 78®, occurs in the 
Chinese drug, Rainalina divaricata, and has been synthesised from 3,4^5-tri- 
metho^Qrbenzoyl-acetic ester by methylation, ketonic decomposition, reduction by 
Clemmensen’s method, and removal of methyl groups by HI (J. pr. 112, 218). 
Propyl-p 3 rrogallol dimethyl ether, picamar, CsH 7 -C 6 H 2 (OH)(OMe; 2 , m.p. 285®, 
was detected in beech-wood tar by Reichenhaxdi (Ann. ^ 224; Hoffmann, Ber. 11, 
329). 5-Amino-pyrogallol-trimethyl ether, (MeO) 3 C 6 H 2 NH 2 , m.p. 114®, is 
obtained from trimethyl-gallamide (Oraebe, Ann. 340, 224; cf. Vol. II, p. 362), 
•^•-n^AlkyUpyrogallol ethers (from C 2 H 6 to C 7 H 16 ) have been prepared from the 
corresponding ketones by Clemmensen's method (Hart, Am. 58, 1957). 

Phloroglucinol, C6H3[l,3,5](OH)3, m.p. 218° when rapidly 
heated. This compound was first obtained by Hlasiwetz by the 
hydrolysis of phloretin (1855). It is also obtained from quercetin^ 
hesperidin, and other glucosides (Vol. II, p. 361). It is the parent 
substance of the active principles of the Jilix group {AkamatsUf Acta 
Kyoto, 1922). Many resins, catechu, kino, gamboge, dragon’s 
blood, etc,f give it when fused with potash. Phloroglucinol is formed 
when resorcinol, orcinol, and benzene trisulphonic acid are fused with 
caustic soda {Tiemann, Will, Ber. 14,954; Will, 18,1323). It is also 
formed by the action of acetone on malonyl chloride, when HCl is 
eliminated. The reaction is violent {Komninos, Bull. 23, 449). 
When synthetic phloroglucinol-dicarboxylic ester (g.v.) is hydrolysed, 
it loses carbon dioxide and phloroglucinol is formed {Baeyer, Ber. 18, 
3454). The best method of preparation is from st/77i-triamino-benzene 
(p. 109), which is not itself isolated, but the solution of its double salt 
with stannous chloride, obtained by reducing trinitrobenzene, is 
directly hydrolysed by boiling with hydrochloric acid. 

Homologous phloroglucinols have been made by similar methods (Weidel, 
Mo. 19, 223 ; 21, 13). Mono-, di-, and trimethyl-phloroglucinols, C 6 H 2 (Me)- 
(0H)8, C 8 H(Me) 2 (OH) 8 , CaMeaCOHjs, m.p. 215®, 163®, and 184°, respectively. 

Phloroglucinol crystallises in large prisms with 2 H 2 O, and effloresces in air. It 
loses all its water of crystallisation at 100®, and melts and sublimes at 218°. It 
has a sweetish taste. It dissolves readily in water^ alcohol, and ether. Its 
aqueous solution gives a violet colour with ferric chloride, and a precipitate with 
lead acetate. When chlorine is passed through its aqueous solution, it decomposes 
into dichloroacetic acid and tetrachloro’-acetane (p. 32), hexachloro-cydohexane being 
an intermediate product. Homologous phloroglucinols react similarly. (Schnei- 
der, Mo. 20, 401). For the action of bromine see Zincke, Ber. 23, 1707. 
On reduction, phloroglucite, or sym-trihydroxy-cyclohexane is produced (TFis- 
licenus, Ber. 27, 357). 

Phloroglucinol behaves like a trihydric phenol, CeHafOH)!, in most of its reac¬ 
tions, e.g,, in reacting with phenyl isocyanate (cf. Dieckmann, Ber. 37, 4637, 
but cf. Michael, Ber. 38^ 48), and in acylation. On the other hand, it forms a tri- 
oxime with hyaroxylamine (see below), so that it may also be considered as a tri¬ 
ketone, l,'^,Mriketo~cyclohexane (Baeyer^ Ber. 19, 159), 
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X(OH)-CH 

x:;(OH)==CH 


^(OH)==CH/ 

Trihydroxy-ben eene 


Vj OH and CH,<f^ 

/ N^O— 


Triketo-cyclohexane 


In order to explain the formation of the trioxime, it might be assumed that the 

l. 3,6-trihydroxy-benzene formula represents an unstable pseudo-iotm of phloro- 
glucinol. With sodiiun bisulphite, phloroglucinol forms a compound containing 
one molecule of each component. See Fuchs, Ber. 54, 246, for the behavior of 
this substance towards acids and alkalis. 

When phloroglucinol is methylated by means of methyl iodide and alkali, it is 
the keto-form which reacts. The final product is hexamethyl-phloroglucinol, or 
hexamethyl-triketo-cyclohexane, Ce(Me)eOj, m.p. 80®, b.p. 248® (Herzig, Mo. 
32, 491). This compound is also obtained by methylation of the homologous 
methyl-phloroglucinols, and decomposes when acted upon by concentrated hydro¬ 
chloric acid into diisopropyl-ketone and isobutyric acid. When phloroglucinol 
is acetylated. a triacetate is formed, which gives triacetyl-triketo-cyclohexane, 

m. p. 156®, when heated with zinc chloride to 130®, or by the action of aluminium 
chloride at ordinary temperatures {Heller, Ber. 42 , 2736 ; 45, 318; Mauthner, 
J. pr. 139. 293). The condensation of phloroglucinol and its homologues with 
salicylaldehyde is peculiar, part of the molecule reacting in the keto-^ and part 
in the hydroxy-form. The products &re ftuoro7ies (Vol, IV) {Weidel, Mo. 21, 62). 

Phloroglucinol combines readily with formaldehyde to form methylene-bis- 
phloroglucinol, CH 2 [C 8 H 2 (OH) 3 ] 2 , a derivative of diphenyl-methane, which when 
reduced with zinc dust and sodium hydroxide decomposes into phloroglucinol, 
methyl-phloroglucinol, and a little dimethyl- and trimethyl-phloroglucinol. It is 
closely related to filixic acid, obtained from Aspidiumfilix mas, which on reduction 
with the above reagents gives phloroglucinol, methyl, dimethyl-, and trimethyl- 
phloroglucinols, and butyryl-filixic acid. The last^ on prolonged reduction with 
the above reagents, decomposes into n-butyric acid and filixinic acid, which is 
presumably ^em-dimethyl-dihydroxy-keto-dihydrobenzene (Vol. II, p. 118): 



{Boehm, Ann. 307, 249; 318, 230; 329, 269). 

Phloroglucinol trioxime, C«H 8 (NOH) 3 , is a crystalline powder, which explodes 
on heating to 155®. Phloroglucinol adds on to phonyIhydrazine in the same way as 
oxalacctic and diketosuccinic esters do (p. 151). 

Trinitroso-phloroglucinol, C 6 (NO) 3 (Otl )3 (Ber. 11, 1375), and trinitro-phloro¬ 
glucinol, C 8 (N 02 ) 3 ( 0 H) 3 , give on reduction, triamino-phloroglucinol, C«(NH 2 ) 3 - 
(0H)3, and this gives croconic acid (p. 241) when boiled with manganese dioxide 
and sodium carbonate. 

PHLOROGLUCINOL ETHERS. These are obtained from the phloroglucinols 
on treatment w'ith alcohols and HCl, or by methylation with diazomethane or 
dimethyl sulphate in ether. The methyl ether, m.p. 75-78®, b.p. 213° (16 mm.), 
gives a mononitroso-derivative which can be converted into hydroxy-methoxy-p- 

a uinono, and should be regarded as a monoximo of the latter, and a dinitroso- 
erivative which gives diamino-dihydroxy-anisole on reduction. The dimethyl 
ether, m.p. 37®, b.p. 172-175° (17 mm.), reacts with N 2 O 3 giving simultaneously 
an 0 - and a p-nitroso-derivative, which can be distinguished as S,5-dimethoxy^ 
o^inone-oxinie, red leaflets, m.p. 175®, and S,5-dimelhoxy-p-quinone-oxi7ne, 
yellow needles, m.p. 222®. The trimethyl ether, m.p. 52®, b.p. 255®, can be ob¬ 
tained by decomposing methyMihydrocotoin with potash. The triphenyl ether, 
C 6 H 3 (OPh) 8 , m.p. 112®, is obtained by heating sv/n-tribromobenzene with potas¬ 
sium phenate in the presence of copper bronze (Ullmann, Ann. 350, 102). Phloro¬ 
glucinol triacetate, m.p. 105®,* see above. Trithio-phloroglucinol, C 6 Hs(SH) 3 . 
m.p. 68°, is obtained by reducing «i/m-benzene-trisulphonic chloride with tin and 
hydrochloric acid. Triacetate, m.p. 74°; trimethyl ether, m.p. 68® {Weidel, 
Mo. 21, 15; Herzig, Mo. 23, 573 [chlorinated ethers); 27, 781; Pollack, Mo. 23, 
947; Ber. 42, 3262). 
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HYDROXY-HYDROQUINONES are obtained by the reduction of hydroxy- 
quinones. Hydroxy-hydroquinone, C«Ha [1,2,4](OIl)i, m.p. 140®, is formed, to¬ 
gether with tetra- and hexahydroxy-diphenyl, when hydroquinone is fused with 
potash. The best method of preparing it is to obtain the triacetate, which is 
readily prepared by heating benzoquinone with acetic anhydride and cone, sul¬ 
phuric acid {Thiele^ Ann. 311, 341; Ger. Pat. 101,607). 

C*H402 -f 2(CH,CO)jO « C«H,(OCOCH,), -f CH,COOH. 

Sodium amalgam reduces hydroxy-hydroquinone to dihydro-resorcinol (Vol. II, 
p. 111). Hydroxy-hydroquinone gives a greenish-brown colour with ferric 
chloride. Its triethyl ether, C 6 H 3 (OEt)a, m.p. 33®, is obtained from triethoxy- 
benzoic acid (from aesculetin), or by the ethylation of hydroxy-hydroquinone, 
and its trimethyl ether, b.p. 247®, is prepared from methoxyquinone (p. 239), 
or by the action of dimethyl sulphate on the triacetate {Bargellvrd, Gazz. 40, 
II, 342), See Thiele, Ber. 34, 28.37, for nitro-, and halogeno-hydroxy-hydro- 
quinones {Barth, Mo. 5, 689; Will, Ber. 20, 1133; Brezina, Mo. 22, 590). 

Hydroquinone monomercaptan,^CcHs(OH) 2 SH, m.p. 120®, is obtained in the 
decomposition of hydroquinone-thiosulphuric add, C 6 Hs( 0 H) 2 S*S 02 H, and other 
sulphur derivatives of hydroquinone, themselves obtained by the action of sodium 
thiosulphate and other thio-acids on benzoquinone. It is oxidised by iodine to 
hydroquinone disulphide^ C«H 3 (OH )2 2 S 2 , m.p. 183° (Ger. Pat. 170,070). 3,4- 
Dimethoxy-phenoxy-acetic acid, decarboxy-riaic add, (Me0)2[3,4]CeH80CHj- 
COOH (p. 371), m.p. 116-117°. is a degradation proauct of rotenone, obtained 
from Derris elliplica (La Forge, Am. 53, 3896). 

Tetrahydric Phenols 

All tliree isomeric tetrahydroxyborizenes are known. 

(1) t;-Tetrahydroxybenzene, apionol, CeH2[l,2,3,4] (011)4, needles, m.p. 161°, 
is obtained by boiling amino-pyrogallol hydrochloride with water (p. 230). Its 
alkaline solution does not absorb oxygen (Einhorn, Ber. 37, 119). Tetramethyl 
ether, m.p, 87,6°; tetra-acetate, m.p. 142® (Wessely, Mo. 60, 161). 1^4-Di- 

methoxy-2,3-dihydro^benzene, dimethyl-apionol, is obtained by the action of 
potash on parsley apiolic acid (p. 455), m.p. 106°j b.p. 298° ; 1,2-dimethoxy- 
3,4-dihydroxybenzene, obtained from dill apiolic acid, is a liquid. Tetramethyl- 
apionol, C 6 H 2 (OMe) 4 , m.p. 88.5° (Baker, 1. 1931,2542). 2,3-Methylene-l,4- 
dimethyl-apionol, apione^ C«Hi(02:CH2)(UMe)2, m.p. 69°, is prepared by heat¬ 
ing parsley apiolic acid, or apione carboxylic acid with dilute sulphuric acid 
(Ciamidan, Ber, 24, 2608 ; 29, 1806). Dill apiol gives an analogous compound, 

l, 2-methylene-dLhydroxy-3,4-dimethoxybenzene, a liquid. For its synthesis 
see Baker, loc, dt, Dihydro-apiol, m.p. 25°, b.p. 292°, the methylene-dimethyl 
ether of 1-n-propyl-2,3,4,5-tetrahydroxybenzene, is obtained by reducing tso- 
aptol (p. 455). (2) os-Tetrahydroxybenzene, CeH2[l,2,3,5] (OH) 4 . has not yet 
been obtained pure in any quantity (cf, de Laire, Ber. 26, 20^; Konner, Mo. 20, 
927). Its monomethyl ether, (MeO)[l]C«H2[2,3,6](OH)3, iretol, m.p. 186°, is 
formed in the decomposition of irigetnn with potash, and has been synthesised 
by reducing methyl picrate (p. 201), and replacing the amino-groups by hydroxyl 
groups. Its 1,3'iimethyl ether, m.p. 158°, is obtained from l,3-dimethoxy-2,6 
quinone (p. 239). l,2,3^Trimethyt ether, antiarol, m.p. 146°. is obtained from 
5-amino-pyrogallol-trimethvl ether (p. 230) by the action of dilute sulphuric acid 
(G^mcfre, Aim. 340, 225), or better, 1^ the partial methylation of the 1,3-dimethyl 
ether (Vhapmaii, J. 1927, 3016). Tetramethyl ether, m.p. 47°, b.p. 271° (Cimi» 
dan, Ber. 23, 2291; Bargellini, Gazz. 45, I, 85). Tetrahydroxy-m-xylene, C*- 
[l,3jMe2(OIi)4. m.p. 189°, is produced by the reduction of dihydroxy-m-xylo- 
quinone (p. 240) (Brunnmayr, Mo. 21,1). (8) sym-Tetrahydrozybenzene, CeHs- 
[ 1,2,4,51 (0H)4, ni.p. 215-220°, is obtained by reducing 1,4-dihydroxy 
quinone (p. 239) with SnCb; 1,4-dimethyl ether, m.p. 170°; tetramethyl ether, 

m. p. 102° (Schueler, Ar. Pharm. 245, 262; Erdtman. Proc. Roy. Soc. 143, 177). 
Tetra-acetyl ester, m.p. 217° (Nietzki, Ber. 21, 2374). For the triacetate of the 
mono-methyl ether see Erdtman, loc» dt, 

Dichloro-tetrahydrogybenzene, hydro-cMaranilic add, CtCU(OH) 4 , is obtained 
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by the reduction of chloranilic acid (p. 239) with warm aqueous sulphurous acid 
(Graebe, Ann. 146, 32). Amino-s^-tetr^ydroiybenzene is obtained by the 
action of stannous chloride on nitro-dihydroxy-quinone, and nitroamino-sj/^- 
tetrahydro^benzene and diamino-sj/m-tetrahydro^benzene are obtained from 
nitranilic acid in a similar manner (p. 239) (Nietzki, Ber. 18, 502), When boiled 
with caustic potash, the diamino compound gives ammonia and croconic add 
(p. 241) , and diamino^ihydroxyquinone on oxidation. For hydro-euthiochrmuites, 
see euthiochronic acid, p. 240. 


Pentahydric Phenols 

Pentahydroxyhemene^ Ce(OH)jH, colourless crystals, is obtained when diamino- 
pyrogallol is boiled with water {tJinhom, Ber. 37, 122); penta-acetate, m.p. 165®. 
Its diethyl ether, C6H[2,4,6](OH)j[l|3j(OEt)2, is produced by boiling tnamino- 
resorcinol-diethyl ether (p. 223) with water {Wenzel, G. 1903, II, 829). 


Hexahydric Phenols 

The remarkable formation of potasaio-^hexahydroxyhenzene, or potassio-carbon 
monoxide, when carbon monoxide is passed over heat!^ potassium, discovered by 
Liebig in 1834 (Ann. 11, 182), has already been mentioned on p. 25. where 
the methods of building up the benzene ring have been considered. Tne con¬ 
stitution of this compound was elucidated by Nielzki and Benckiaer in 1885. 
If the fresh reaction product of carbon monoxide and potassium is treated with 
hydrochloric acid, hexahydroxybenzene, CeCOH)* is obtained. It may also be 
prepared by the reduction of triquinovl (p. 240) with stannous chloride and 
hydrochloric acid. It separates in slender, fight-grey needle^ which turn mauve 
in air. They do not fuse, and are stable up to about 200®. Hexahydrosybenzene 
is oxidised by concentrated nitric acid to triquinoyl, and when heated with acetic 
acid and sodium acetate, it is converted into its hexa-acetyl compound, Ci- 
(OCOCHj)*, a crystalline substance melting at 203® {Nietzki, Ber. 18, 506). 

8. QUINONES* 

Those compounds in which two nuclear hydrogen atoms are re¬ 
placed by two oxygen atoms, either in the ortho or para position, are 
called quinones. o- and p-Quinones are distinguished, the latter be¬ 
ing especially characteristic of the mononuclear aromatic hydro¬ 
carbons. 7?i-Quinones are not known. 

Constitution .—^The quinones of mononuclear aromatic hydro¬ 
carbons may be formulated either as benzene derivatives, assuming 
the oxygen atoms to be linked to one another, or as derivatives of o- 
or p-dihydrobenzene, containing two keto-groups. 

If the first constitution is accepted {Graebe, 1867, Z. f. Chem. 3, 39), the qui¬ 
nones are comparable to peroxides, and they are indeed powerful o^ddising agents. 
On reduction they do not form diglycois of dihydrobenzenes, but give dihydroxy- 
benzenes, true benzene derivatives. The p-quinones give hydroquinones, and 
the o-guinones, catechols. By the action of phosphorus pentachloride each oxygen 
atom is replaced by one chlorine atom. The formation of a monoxime and a di¬ 
oxime is put forward as evidence for the keto-formulation {Fittig, 1863, Ann. 
180, 23). In addition, p-quinone will add on two or four atoms of bromine 
{Nietzki, Ber. 23, 3141). Most chemists regard nitrosophenol as quinone- 
monoxime (p. 203). The following are the formulae suggested for o- and p- 
quinone: 


* Julius Schmidt, Chinone und chinoide Verbindungen. Enkesche Sammlung 
Bd. XI. Stuttgart, 1907. ^ 
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The first two formulae are no longer regarded as possible. Evidence from X-ray 
structure indicates that substituents in the benzene nucleus are always situated 
outside the ring and not inside. In this case, there would hardly be room to 
accommodate two oxygen atoms within the ring. It is also impossible for the 
oxygen atoms to be placed on one side of the ring, as p-quinone has a zero dipole 
moment. A peroxidic linkage between the two oxygen atoms, each of which is 
attached to the benzene ring in its plane and along its axis in the para-position is 
out of the question, as such a linkage supposes a distance between tne oxygen 
atoms of about one-third the usual value. These arguments, however, do not all 
apply in the case of o-quinone. The peroxide formula (3) which has been as¬ 
signed to one of the isomeric forms of this substance (see below) appears to be 
possible. Fittig's formula for p-quinono is further supported by the ability of the 
compound to form addition compounds (Haakh, J. pr. 82, shown in the 
formation of molecular compounds, and in the Diels-Alder reaction, and by its 
physical properties, especially its parachor (c/. Sugden^ Parachor and Valency, 
London, 1930). At present the diketone formula is generally accepted. 

o-QXTINONES. The o-quinones are much less stable than the para-compounds 
It was only in 1904 that Willstdtter succeeded in preparing the simplest o-quinone, 
although its chloro- and bromo-derivatives had been prepared earlier (Zincke ). 

o-Benzo^uinone, C«H 4 [ 1 , 2 ] 02 , is formed by the gentle oxidation of catechol 
(p. 219) with silver oxide and ether {Willstdtter, Ber. 37, 4744). It exists in two 
forms {Willstdtter, Ber. 41, 2580). When freshly prepared it forms colourless 
prisms, but these soon change to the more stable form, bright red plates, decom¬ 
posing when heated to 60-70®. Chemically the two forms are identical. The 
compound is a strong oxidising agent, liberating iodine from acidified potassium 
iodiae. When reduced with sulphur dioxide they give catechol. 

Although Willstatter regarded the colourless form as a peroxide, and thq red 
form as a diketone, Kehrmann (Ber, 46, 3009) does not regard them as isomerides, 
but as dimorphous modifications which differ in crystalline from, but not in solu¬ 
tion, and are therefore represented by the same formula. Since the two formulae 
only differ in the arrangement of valencies, with slight differences in the spacing 
of the atoms, this presents an interesting case on the border line between poly¬ 
morphism and isomorphism. Unlike p-quinone. o-quinone is odourless, ana not 
volatile, thus resembhng to a greater extent tne o-quinones of condensed ring 
systems, such as i9-naphthoquinone, and phenanthraquinone. 

l,2-Dimethyl-4,5-benzoquinone, (CH8)2[1,2]C6H2[4,5]02, long red needles, 
is formed bjr the oxidation of 6-hydroxy-4-amino-l,2-<iimethyr-benzene with 
potassium dichromate and sulphuric acid. 3-Chloro-o-quinonej.m.p. about 68® 
(decomp.) forms prisms, bright yellow or red in colour, accordmp; to thickness. 
It is prepared by the action of lead dioxide on o-chloro-catechol in ether-ligroin 
mixture. 4-ChIoro-o-quinone, m.p. 78®. (decomp.) is also bright yellow in thin 
layers and dark red in thick ones. It is obtained by the action of silver oxide and 
sodium sulphate on p-chloro-catechol in ether {WillstdUer, Ber. 44, 2182). 
Tetrachloro-o-quinone, C6Cl4[l,2]02, m.p. 131®, and tetrabromo-o-quinone, 
C 6 Br 4 [l, 2 ] 02 , m.p. 160®, are obtained by the action of chlorine and bromine, 
respectively, on catechol dissolved in acetic acid {Zincke, Ber. 20, 1776). Tetra- 
chloro-benzocniinone reacts with aniline to give first, dianilino-dichloro-o-qui- 
none, C6Cl2(NHPh)202, m.p. 195®, and by further action, dianilino-mono- 
diloroquinone-anil, Q^Cl(NHPh)s(:0) :NPh), m.p. 180®. The latter seems to 
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bo a derivative of p-quinone, since it is reduced by sulphur dioxide to dianilino-p* 
quinone-anil (p. 247). Tetrabromo-o-benzoquinone forms similar compounds 
with aniline. There is a strong tendency for the halogen-o-benzoquinones to 
form addition products with the most diverse compounds. Thus, tetrabromo-o- 
benzoquinone combines with methyl alcohol to form a veiy stable compound, 
(C 6 Br 402 ) 2 Me 0 H, m.p. 261®, which can be acetylated (Loring Jackson, Ber. 35, 
3851; 36, 454 ; 38, 4103). When nitric acid acts on tetrachloro- or tetrabromo-o- 
quinone, the ring is broken, and a,o£-dihvdroxy-5.€-dinitro-i3,7.5,6-tetrahalo- 
geno-A®-n-hexene-carboxylic acid is formed {Zincke, Ann. 435, 135). 

Homologous chloro-o-quinqnes are obtained by the action of chlorine on o- 
diamine hydrochlorides. o-Diketo-chlorides are first formed. These can be re¬ 
duced to chloro-o-hydroxybenzenes, and subsequently oxidised to chloro-o- 
quinones {Zincke, Ber. 27, 560). 

Dioximes of o-oenzoquinone and several of its homologues (p. 241) have been 
obtained from o-dinitroso-benzenes (p. 67) by reduction. o-Nitrosophenol 
(p. 202) should be regarded as a monoxime of o-benzoquinone. 

p-QUINONES. Quinone, benzoquinone, C 6 H 4 O 2 , m.p. 116°, was 
first obtained by Woskresensky by oxidation of quinic acid (Vol. II, 
p. 135), a hexahydro-tetrahydroxy-benzoic acid, with manganese 
dioxide and sulphuric acid. Woskresensky called it quinoyl, but the 
accepted name, quinone, was suggested by Berzelius (Jahresb. 19, 
407). 

Quinone is obtained when benzene is oxidised, either electrolyti- 
cally or with silver peroxide {Kdmpf, Ber. 38, 3964; J. pr. 83, 329), 
or more conveniently, from p-dihydroxybenzcne, hydroquinone, or 
its methyl ether, by oxidation with ferric chloride. Many p-di- 
derivatives of benzene, e,g., p-phenylene diamine, sulphanilic acid, p- 
amino-azobenzcne, p-aminophenol, p-phenol sulphonic acid, p-di- 
amino-diphenyl or benzidine, give quinone on oxidation. The usual 
oxidising agent is potassium dichromate and sulphuric acid. It is 
often prepared by oxidising aniline with sodium dichromate and 
sulphuric acid (cf. Nietzki, Ber. 20 , 2283, for practical details), or 
aniline is treated alternately with manganese dioxide and chromic 
acid (Ger. Pat. 396,354). A black dye, ‘‘aniline black,” is an inter¬ 
mediate product in this process (Willstdttery Ber. 42, 2147). Quinone 
is also formed by the oxidation of quinitol (Vol. II, p. 102 ). It is pre¬ 
pared from hydroquinone in 89% yield by oxidation with sodium 
chlorate and sulphuric acid in the presence of vanadium pentoxide 
{Underwood, Org. Synth. 16, 73). ' 

Quinone crystallises in golden-yellow prisms. It has a peculiar, 
penetrating pungent smell. It sublimes readily. Its dipole moment 
is 0.67 D. It is poisonous and affects the skin {Furuta, Bull. Tokyo 
4). It is volatile with steam, and is freely soluble in warm water, 
alcohol, and ether. When exposed to sunlight it undergoes a change, 
and it will combine in sunlight with acetaldehyde and benzaldehyde 
to form dihydroxy-ewetophenone and dihydroxy-benzophenone, respec¬ 
tively {Klinger, Ber. 31, 1214). Quinone liberates iodine from an 
acidified solution of potassium iodide, and can be titrated by making 
use of this reaction {Valeur, C.r. 129, 552; WillstdUcr, Ber. 43,1171). 
Sulphur dioxide, or zinc and hydrochloric acid, reduce it, giving first 
an addition product of quinone and hydroquinone (see below) called 
quinhydrone, and this, when reduced with nascent hydrogen, gives 
hydroquinone. Hydrogen in the presence of finely divided nickel at 
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180-190®, reduces it to hydroquinone, but at a lower temperature, 
six more hydrogen atoms are taken up, and 1,4-cyclohexanediol (Vol. 
II, p. Ill) is formed {Sabatier, C.r. 146,457). It is reduced quantita¬ 
tively even in the cold by titanous chloride and hydrochloric acid to 
hydroquinone {Knecht, Ber. 43, 3455). It is detected by means of a 
solution of ferrous sulphate and ammonium thiocyanate, acidified 
with sulphuric acid, which gives a red colour with quinone, owing to 
the oxidation of the ferrous salt to ferric {Morner, Z. physiol. Chem. 
78,30G). For its physical properties, see Gamer, J. 1927,2877 (para- 
chor); Anderson, Am. 54,3064. 


Concentrated nitric acid dissolves quinone in the cold, but at higher tempera¬ 
tures it is oxidised to oxalic and hydlrocyanic acids. Silver peroxide breaks it 
down to maleic acid and carbon dioxide (p. 29; Kdmpf, Ber. 39, 3716). Qui¬ 
none combines with bromine to give quinone^i- and •‘tetra^yromides, m.p. 86 ® 
and 170‘-175°. The hydrogen compound corresponding to quinone tetrabromide 
is p-cyclohexane-dione (Vol. II, p. Ill); this has been obtained from siwcvtio- 
succinic ester, Quinone combines with acetic anhydride^ in presence of con¬ 
centrated sulphuric acid, giving hydroxy-hydroquinone triacetate (p. 232). 

a uinone is converted by phosphorus pentachloride into p-dichlorobenzene, and 
roxylamine hydrochloride mves quinone monoxime, p-nitroso-phenol, and qai- 
none dioxime (p. 241). Phenylhydrazine reduces it to hydroquinone, and -alkyl- 
phenyl-hydrazines reduce it in a similar way, being themselves converted into 
tetrazenes (p. 165), but nitro- and a-acyl-phonyIhydrazines give quinone mom- 
hydrazonea (p. 244). The nuclear hydrogen atoms of quinone are relatively easily 
replaced, with or without reduction to nydroquinone. With hydrocyanic acid, 
dicyano-hydroquinone is formed, C«Ht(l, 4 ](OH)i[ 2 , 31 (CN) 2 . (iuinone combines 
witli benzene sulphinic acids to form dihydroxy-diphenyl-sulphone, PhSOaCeH*- 
(OH)j. This is a general reaction of quinoid substances (cf, p. 180). With neu¬ 
tral sodium sulphite, quinone forms quantitatively hydroquinone-monosulpho- 
natc, which is partially hydrolysed and decomposed to hydroquinone and hy- 
di'oxyquinone (Pinnow, J. pr. 89, 536). 

Thio-acids of the general formula llSH, where R is an acid radical, such as 
thiosulphiuriCj mouothio-carboxylic, xanthic. thiocyanic, etc., acids, combine with 
quinone to give sulphur derivatives of hydroxy-hydroquinone: CeH 3 (OH) 2 S*- 
SO 3 H, CeHaCOIDaS COPh, C«H 3 (OH) 2 S-CS- 6 Ph, etc. (Ger. Pat. 176,070). 
With phenyl carbinols. compounds such as C«H 202 (CHPh 2)2 are formed, with 
elimination of water; these compounds belong to the polynuclear aromatic series. 
With aniline, quinone gives anilino-p-qiiinone, m.p. 119-120®, but in alcoholic 
solution, 2,5-dianilino-quinone, m.p. 345®, is formed. Nitranilines couple in a 
similar way (Suida, Ann. 416, 113). In carbon disulphide solution, potassium 
hydrogen sulphide gives with quinone the potassium salt of benzoquinone-oxomum 

hydrosvlphide, an oxonium derivative that is formulated 0:<; . It 


is a greenish-black powder. See Richter, Ber. 43,3599, for this and other oxonium 
compounds of p-quinone. Quinone forms addition products with pyridine and 
quinoline salts (Ortoleva, Gazz. 33, I, 164), and with some metallic halides, the 

g roducts in this case being dark-red in colour {Meyer, Ber. 41, 2568). With 
ydrogen halides mono- and di-halogeno-hydroquinones are formed {Posner, 
Ann. 336, 108). When boiled with primaij'' alcohols in the presence of zinc 
chloride, quinone forms dialkoxy-quinones {Knoevenagel, Ber. 34, 3993). 

For the condensation of quinones with acetoacetic ester to form coumarono 
derivatives, see the latter in Vol. IV. For the addition of diazomethane to qui¬ 
none, see rechmann, Ber. 32^ 2292. For the electrochemical oxidation of qui¬ 
none to succinic and maleic acids, see Kdmpf, J. pr. 83, 329. 

ADDITION PRODUCTS OF PHENOLS AND QUINONES {Nietzki, Ann. 
21 s, 134). The most important of the addition products of the quinones are those 
with mono- and di-hy^dnc phenols. In general, quinone combines with two mole¬ 
cules of a monohydnc and one of a dihydric phenol, although a number of excep¬ 
tions are known {Meyer, Ber. 42,1149; Siegmund, J. pr. 92, 342). These addi- 
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tion productB of quinone with phenol are characterised by their intense colours. 
In solution they readily dissociate into their components. 

Phenoquinone, CfH 402 - 2 Ph 0 H, m.p. 71®, is formed by the combination of 
phenol with quinone. It volatilises readily, crystallises in red needles, and gives 
a blue colour with caustic potash, and a green one with barium hydroxide. For 
addition products with homologues of phenol, see BiltriSj Belg. 35. 44. When 
phenols are heated with quinone, with or without the addition of sulphuric acid, 
no water is lost, and colourless compounds are formed. They differ from the pheno- 
quinones, and appear to be hydroxy-diphenyl ethers, e.g,. HOCeH 40 C*H 8 (OH) 2 , 
which is obtained from resorcinol and quinone (Blumenfeld, Ber. 30, 2563). 

Thio-phenoquinone, CcH 402 * 2 PhSH, is formed in a similar manner to pheno- 
quinone, by the addition of thiophenol to quinone. It forms dark bronze coloured 
crystals which give a blue colour with sodium hydroxide. On careful oxidation it 
gives 3,6-dithio-phenyl-quinone, (PhS)*[3,6]C6H2[l,4]Oj, m.p. 267®, which is 
readily reduced to 3,6-dithiophenyl-hydroquinone, m.p. 103°. On atetylation, 
the molecule breaks down ajnd hydroquinone diacetate is formed (Posner, Ann. 
336, 85). Compounds resembling thio-phenoquinone are obtained from quinone 
with aliphatic mercaptans. 

Quinhydrone, C 6 H 4 O 2 * 06114 ( 011 ) 2 , m.p. 171® (Wohler, 1844), is formed by the 
direct union of quinone with hydroquinone. It is an intermediate product in the 
reduction of quinone and the oxidation of hydroquinone, e.g., with ferric chloride, 
or by electrolysis (Liehmann, Z. Elektrochem. 2, 497). Further oxidation con¬ 
verts it into quinone, and further reduction into hydroquinone. It forms green 
prisms or leaflets, with a metallic lustre. It has an odour like quinone, melts 
readily, and dissolves in organic solvents, such as benzene, alcohol, etc., with a 
yellow colour, dissociating to a large extent into quinone and hydroquinone 
(Terrey, Am. Ch. J. 33, 167), It dissociates completely in boiling water. It is 
used in the quinhydrone electrode (Biilman) in the determination of pH values. 
Formulae have been put forward for this class of compounds by Loring Jackson^ 
Bor. 28, 1616, and Posner, Ann. 336, 90. They are regarded either as hemi- 
acetal compounds, or as derivatives of dihydroxy-p-cycloiiexanone. They have 
been closely studied by Pfeiffer (Organische Molekiilverbindungen, Stuttgart). 
He found that quinones and related carbonyl compounds, such as maleic and tetra- 
chloro-phthalic anhydrides are capable of forming compounds of this type with 

E henols and phenol ethers, and even with dimethylaniline, and in some cases with 
ydrocarbons. The combination of tetrachloroquinone with durene and hexa- 
methyl-benzene are examples. The second component is always a benzene com¬ 
pound, but, contrary to previous opinion not necessarily one containing either 
phenolic hydrogen or oxygen, or aromatic hydrogen. The intense colour of these 
compounds is characteristic, according to Wilhtdlter, of the combination of a 
benzene and a quinoid structure. He calls such systems ineri^ or half-quinoid. 
This theory has been successfully applied to other coloured compounds such as 
triphenylmetlijine and azo-dyes. Wherever a benzoid and a quinoid system com¬ 
bine, an intense colour is likely to appear. These structures resemble those of the 
free radicals, and have been formulated as such by Hanlzsch, Weilz, and Michaelis 
(Am. 53, 29 53). X- ray a nalysis o f quin hydrone indicates that it has the structure 

-^OHO*--, the hydrogen atoms being 

shared by two oxygen atoms (Foz, Ann. Espan. 30, 421). Quinhydrone thus ap¬ 
pears to be a new type of high polymer. 

For quinhydrones from the throe trihydroxy-benzenes see Sieginund, J. pr. 
83,553. 

HOMOLOGOUS p-QUINONES. These are produced (f) by oxidation of the 
corresponding p-dihydro3qr-benzenes (hydroquinones) with ferric chloride, or 
of the jo-diamines (p-aminophenols), such as amino-thymol, and other para- 
disubstitution products, with ferric chloride, chromic acid, or manganese dioxide 
and sulphuric acid. (2) Mono-substituted alkyl-benzenes give n-quinones when 
oxidised writh chromic acid. The amino- and hydroxy-alkyl-benzenes (alkyl- 
phenols) react particularly readily. Thus o-toluidine gives toluquinone, and thy¬ 
mol and carvacrol give thymoquinone. In some cases, an alkyl group is replac^ 
by oxygen with the formation of a ^inone, e.g,, in the oxidation of ammo-mesityl- 
ene to m-]^loquinone (Noelting, Ber. 18, 1150), and of pseudo-cumidine to p- 
xyloquinone (p. 340). (^) p-Xyloquinone and duroquinone have been synthe- 
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sised by the action of alcoholic potash on diacetyl and acetyl-propionyl. In this 
reaction quinogens are first formed, and then p-quinones: 

CH,COCOCH, CH,C(OH)COCH, CH,C—COCH 

CH,-CO-COCH, iHr-CO-CO-CH, ShCoI)CH, 

Diacetyl Dimethyl-quinogen p>Xyloquino&e 

p-Xyloquinone occurs in beech-wood tar. 

Properties. The homologues of p-ben 2 oquinone are very similar to the parent 
compound. They are all yellow in colour, and possess an odour similar to that of 
quinone. Thev sublime readily^ and react chemically like cjuinone. They form 
quinhydrones (p. 237), are readily reduced by sulphurous acid to hydroquinoiies, 
and combine with hydroxylamine to give nitroso-phenols and quinone-dioximes. 

Toluquinone, CH8[l]C«Ha[2,5]02, m.p. 69® (Carstanjen, J. pr. 23, 423) 
o-Xyloquinone, (CHj) 2 [l, 2 ]CeH 2 [ 3 , 6 l 62 , m.p. 66® 

m-Xyloquinone, (CHj)2[l,3]C6H2[2,5]0^ m.p. 72® (Noelting. Ber. 18, 1161) 
£-Xyloquinone, phhrone. (CHi)2[l,4]CeH2l2,6]02, m.p. 125^ 
Ethylbenzoquinone, (C2H8)[2]C6H3[1,4]02, m.p. 37® (Clernmenseji, Ber. 47, 
66 ) 

Pseudocumoquinone, (CH3)3[1,2,4]C«HI3,6]02, m.p. 32® (Nietzki, Ber. 27, 
1430) 

Duroquinone, (CH3)4[1,2,4,5]C«f3,6)02, m.p. Ill® (WillstdUer, Ber. 42, 4161) 
Thymoquinone, (CH 3 )(CaH 7 ) [l,4]C6H2l2,6]02, m.p. 46®, b.p. 232® 


For the electrochemical oxidation of toluquinone, see Yokoyamaj Bull. Japan, 6, 
275. When a solution of thymoquinol in ether is allowed to stand in sunlight 
for some time, poly-thymoquinone, m.p. 200®, separates (Liehermann^ Ber. 18, 
3195). For diduroquinone see Ruegheimer^ Ber. 29, 2176. 

HALOGENO-QUINONES are obtained from quinones by substitution or by 
oxidising halogen-hydroquin ones. 

A mixture of iri- and tetrachloroquinone, called chloranil forms lustrous golden 
leaflets. It is produced, together with chloropicrin (Vol. I, p. 465) by the action 
of chlorine, or potassium chlorate and hydrochloric acid {Brady^ J. 109. 650) or 
of aqua regia (Xemp/, Ber. 47, 2615) on many benzene derivatives, sucn as ani¬ 
line, phenol, and isatin (p. 424). It is most readily obtained from trichloro- or 
pentachlorophenol by the action of chloro-sulphonic acid, or by the action of fum¬ 
ing sulphuric acid and chlorine (Schuloff, Chem.-Ztg. 56, 569). It has been used 
as an oxidising agent in the manufacture of dyes. Tri- and tetrachloroquinones 
are separated from one another by the insolubility of the latter in water. Nitric 
acid oxidises chlorohydroquinones to chloroquinones {Graebe, Ann. 146, 9; 
Levy, Ann. 210, 145; Kollrepp, Ann. 234, 14). 


Monochloroquinone, m.p. 57® 
2,5-Dichloroquinone, m.p. 161® 
^6-Dichloroqumone, m.p. 121® 
Trichloroquinone, m.p. 169® 
Tetrachloroquinone, m.p. 290® 

(sealed tube) 


Monobromoquinone, m.p. 55® 
2,5-Dibromoquinone, m.p. 188® 
^6-Dibromoquinone, m.p. 130® 
Tribromoquinone, m.p. 147® 
Tetrabromoquinone, m.p. 300® 
Dibromo-diiodoquinone, m.p. 255* 


For 2,3-dihalogeno-quinones, and their conversion into 2,3-dihalogeno-hydro- 
quinones, see Dimrolhy Ann. 446, 132. For the preparation of tetrachloroquinone 
free from the trichloro-derivative, see Ger. Pat. 256,034. 

Phosphorus pentachloride converts tetrachloroquinone into phosphorus-con¬ 
taining derivatives, CeCUOPOCbC?), and finally into hexachlorooenzene (Zincfcc, 
Ber. 24, 927). It adds on two atoms of chlorine, becoming hezachloro-p-diketo- 
cyclohezene, which is broken down by caustic soda into dichloro-maleic acid and 
trichloroethylene. Potassium hydroxide converts trichloroquinone and tetra¬ 
chloroquinone into potassium chloranilate (p. 239), and tribromo-and tetrabromo¬ 
quinone into potassium bromanilate. S-Chloro-toluquinone, m .p, 90®, is obtained 
by introducing the weight of chlorine calculated for the formation of dichloro- 
cresol into o-cresoL and oxidising the product with sodium dichromate and acetic 
acid {Kehrrmnn^ Ber. 48, 2021). 
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Aznino-quinones. Amino-quinone is obtained in the form of its acetyl com¬ 
pound, CaHjOjfNHCOCHt), m.p. 142®, by oxidation of 1,3,4-diacetamino- 
phenol. 1,4,5-Diacetamino-phenol gives 2,5-diamino-quinone, CeH202[2,5]- 
(NH 2)2 (Kehrmann, Ber. 30, 2096 ; 31, 2390). 

Dichloro-diamino-quinone, MoraniUamide, C6Cl2(NH2)202, is obtained from 
chloranilic acid (see below). When aniline acts on a hot ale. solution of quinone, 
not only is hydroquinone formed, but also dianilino-quinone, dianilino^uinone* 
anil and •dianil, and 2,5-dihydroxy-l,4-quinone (see below). 

Quinone monosulphonic acid, C«H302(S08H), forms yellow prisms, and is ob¬ 
tained by the oxidation of hydroquinone sulphonic acid, and of the two p-amino- 
phenol sulphonic acids, with lead dioxide in sulphuric acid solution. The am¬ 
monium salt forms golden plates, which decompose at 190-195® (Schultz, J. pr. 
69, 334). 


Hydroxyquinones and Polyquinoyls 

HYDROXYQUINONES. Methoiy-quinpne, Me0[21C2H3:02, m.p. 143®, 
is produced by oxidising o-amino-anisole with chromic acid, or methoxyhydro- 
quinone with lead dioxide (Erdiman, Proc. Roy. Soc. 143, 177). Chlor- 
anilamic acid, dichloramino-hydroxy-quinone, C 6 Cl 2 (NH 2 ) 0 H 02 , is obtained from 
chloranil. 2,3-Dimethoxy-quinone, m.p. 66®, is prepared by oxidising 4-amino- 
pyrogallol-dimethyl ether with chromium trioxide, CrOi (Baker, J. 1931, 2542), 
and 2,6-dimethoxy-quinone, (Me 0 ) 2 [ 2 , 6 ]C 6 H 202 , is prepared by oxidising pyro- 
gallol or phloroglucinol trimethyl ether (Ciamician, Ber. 26, 784; Graehe, Ann. 
340,238). ^ 2,5-Dihydroxy-quinone, (H0)2[2,5]C*H202, consists of yellow needles, 
which sublime at 210-215®, with partial decomposition. It is a dihydric acid, and 
can be obtained from dihydroxy-quinone-carboxylie acid by heating with hydro¬ 
chloric acid, by oxidation of diamino-resorcinol (Nietzki, Ber. 21,2374; Boeniger, 
Ber. 22, 1285), or by the action of dilute sulphuric acid on aianilino-quinone 
(Kehrmann, Ber. 23, 904; 31, 2042). It is also obtained by hydrolysis of its 
ethers. 2,6-Dimethoxy-, dietnoxy-, and -dipropoxy-quinones, decomposing at 
220®, and melting at 166® and 167®, respectively, are formed from quinone by 
boiling with the corresponding alcohol, hydroquinone being formed at the same 
time (Knoevenagel, Ber. 34, 3993). 2,5-I)imethoxyquinone is also produced by 
the action of nitric acid on 1,2,4,6-tetramethoxy-benzene (Baker, J, 1931, 2542). 
2,6-Dihydroxy-quinone is converted into syw-tetrahydroxy-benzene (p. 232), by 
stannous chloride, and into dianilino-quinone (see above) by aniline. 

Substitution products of 2,5-dihydroxy-quinone have been obtained by starting 
with tetrachloro- and tetrabromo-quinone, two of the halogen atoms in these 
compounds being very easily replaced. 

Chloranilic acid, C«Cl2(0H)202, is obtained in reddish lustrous scales by the 
action of acids on potassium chloranilate. C 6 Cl 2 ( 0 K) 202 ’H 20 , which crystallises 
in dark red needles, and is difficultly soluole in water. Potassium chloranilate is 
formed by the action of caustic potash on tri- or tetrachloroquinone. By the 
action of hypochlorous acid or chlorine on chloranilic acid, tri- or tetrachloro- 
tetraketo-cyclohexane is formed. These change quite readily into trichloro-tri- 
keto-cyclopentane, with the intermediate formation of unstable hdyroxy-acids 
(Hantzsch, Ber. 25, 827; Landolt, Ber. 25, 842). For halogenated hydroxyqui¬ 
nones see Zincke. Ann. 437, 86. 

Bromanilic acid, C«Br2(0H)202, corresponds to chloranilic acid, and gives with 
bromine products similar to those obtain^ by the action of chlorine on chloranilic 
acid. 

NitraniUc acid, Ce(N02)202(0H)2. This substance crystallises in the hydrated 
form in golden yellow ne^les. It melts in its own water of crystallisation, be¬ 
comes annydrous at 100®, and detonates at 170® without melting. It is obtained 
by the action of nitrous acid on quinone or hydroquinone. When nitrous fumes 
are passed into an ether solution of quinone^ the solution being kept cool, nitranilie 
quinone, CiNs08H2. C 6 H 402 > is form^. This resembles a quinhydrone in structure, 
and is decomposed by dilute caustic potash into quinone and nitranilie acid 
(Schmidt, Ber. 33^ 3246). The latter is also obtained by the action of sodium 
nitrite on chloranil, or by the action of fuming nitric acid on diacetyl-hydro- 
quinone dissolved in a mixture of acetic anhydride and glacial acetic acid (Nietzki, 
Ber. 43,3458), or on dihydroxyquinone and dihydroxyquinone-dicarboi^lic acid. 
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When nitranilic acid is reduced it gives diamino-tetrahydroxybenzene, which 
makes it possible to pass from chloranil to triquinoyl (see below) and potassium 
hexahydroxy -benzene. 

Amino-anilic acid, diamino’-dihydroxy-quinone. C«(NH 2 ) 2 (OH)a 02 j is produced 
when diamino-tetranydroxy-benzene is oxidised by air or nitrous acid. It forms 
reddish-blue needles (Nietzki. Ber. 21 , 1850). Cyano-anilic acid, 2,5^licya7io- 
Zfi^ikydroxyquirione, Cfl(CN} 2 ( 0 H )202 -f- 2 H 2 O, is obtained by the action of 
potassium cyanide on chloranil. It chars on heating. Its solutions in a number 
of solvents show a strong fluorescence (Richter, Ber. 44, 3469). 

Potassium euthiochronate, Ce(SOsK) 2 (OH) 202 , is obtained from dichloro- 
quinone disulphonic acid (p. 228). 

Nitro-dihydroxyquinone stilphonic acid, CeN 02 ( 0 H) 202 (S 03 H). The tripotas¬ 
sium salt of this acid is produced by the action of potassium nitrite on potassium 
dichloro-hydroquinone aisulphonate (Nietzki, Ber. 38, 453). 

Tetrahydroxyquinone, C«( 0 H) 402 , formerly called dihydrocarboxylic acid, is 
obtained by atmospheric oxidation of an aqueous solution of hexahydroxy- 
benzene (Nietzki, Ber. 18, 507, 1837). It can also be obtained from diamino- 
dihydroxy quinone (see above) by boiling with hydrochloric acid, and by the action 
of concentrated nitric acid on inositol. It forms black needles, with a green, metal¬ 
lic lustre. It is a strong dibasic acid. 

Tetrathio-ethylquinone, C 60 i(SC 2 H 6 ) 4 , forms colourless prisms, m.p. 59®, and 
is obtained by the action of sodium mercaptan on chloranil (Sammia, Am. 27, 
1120 ). 

HOMOLOGOUS HYDROXYQUINONES are obtained by acting upon the 
halogenated homologues of quinone with caustic potash, or by heating amino- 
or anilino-quiiiones with alcoholic hydrochloric or sulpnuric acid. Dianilino- 
toluquinone, m.p. 232®, gives ahilino-hydroxy-toluquinone, decomp, at 260®, 
and dihydroxy-tolu-quinone, CHi‘C«H( 0 H) 202 , m.p. 177® (Zincke, Ber. 16, 
1569). Dihydroxy-m-xyloauinone, ( 5 e(CHi) 202 ( 0 H) 2 , red flakes, m.p. 167®, 
is obtained from amino-dimethyl-pldoroglucinol (Brunnwayr, Mo. 21 , 1 ). 
Hydrozy-thymoquinone, (C|H 7 )(CHj)C*H(OH) : 02 , m.p. 166®, is obtained from 
bromo- or methyl-amino-thymoquinone. Dihydrozy-thymoquinone, m.p. 213® 
(Zincke, Ber. 14,95). 

p-DIALKYLATED DIHYDROXY-QUINONES. such as p, 7 >'-dimethyl- 
dihydroxy-benzoquinone, Ce(CH 3 ) 2 [ 3 , 6 ](OH) 2 [ 2 , 5 j 02 [l, 41 , are formed as by¬ 
products in the preparation of homologous oxalacetic esters by condensation of 
ethyl oxalate with fatty acid esters by means of sodium in ether solution. They 
form red or yellowish-r^ compounds, which dissolve in alkalis with a violet colour. 
On reduction they give homologous tetrahydroxy-benzenes. When boiled with 
excess of caustic soda, they are split up into homologous succinic acids. p,p'- 
Dimethyl-, diethyl-, and diisopropyl-dihydrozy-benzoquinones melt at 245®, 
218®, and 154®, respectively (Fichter, Ann. 361, 363). 

POLYQUINOYL COMPOUNDS. As already mentioned (p. 235), Woskre^ 
aenaky originally called quinone quinoyl, Nietski and Benckiaer used this term in 
a different sense. They used it for the quinone group O 2 , when they discovered 
dihydroxy-diquinoyl benzene and triquinovl benzene to be substances containing 
more than one quinone group. For the sake of simplicity they abbreviated these 
names to dihydraxy^iquinoyl and triquinoyl. 

Dihydroxy-di<]^uinoyl, 02 :C 6 ( 0 H)s: 02 , or rhodizonic acid, is obtained by reduc¬ 
ing triquinovl with sulphurous acid. It forms colourless leaflets which are very 
readily soluble in water. Its aqueous solutions decompose rapidly. The potas¬ 
sium salt may be obtained by treating the acid with potassium carbonate, and 
also by washing potassium hexahydroxy-benzene with alcohol. It forms dark blue 
needles, which dissolve in water to ^ive a yellow solution (Nietzki, Ber. 18, 513, 
1838). For the constitution of rhocuzomc acid, see Nietzki, Ber. 23, 3140. 

Tii^uinoyl, CeOe 4- 8 H 2 O, is probably hexaketo-cyclohexatie. It is produced by 
oxidising dihydroxy-diguinoyl and diamino-tetrahydroxy-benzene with nitric 
acid. It is a white, micro-crystalline powder (Nietzki, Ber. 18. 504* 20 , 322; 
Henle, Ann. 350, 330). It melts about 05®, losing water and carbon dioxide. It 
is reduced by stannous chloride to hexahydroxy^nzene (p. 233), which is it¬ 
self oxidised in alkaline solution to tetrahydroxy-quinone, C«( 02 )( 0 H )4 (see 
above). 
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Nietzki md Benchiser (1885) discovered the relations between potassium 
carbon monoxide (potassium hexahydroxy-benzene) and phenol. These are 
summed up in the following table: 


Phenol 

Tetrachloroquinone 
Nitranilio acid 

Diamino-tetrahydroxy-bensene 

Diamino-dibydrozy-quinone 


C*HiOH 

CiChCltOt 

Ci(N0i)i(0H)*0, 

Ce(NHj)ff()n)i(OH)* 

C«(NHi)j(OH)aOa 


C«(OK)i 
C.(OH),( 
C|(0 

C 8 :{S 


Ci(OH)jCpH)*Oi I 


plihbtOt 
lOtOt 


potaeeium carbon monoxide 
hexahydroxy-bengene 
tetrahydroxy-qnanone 
rhodixonio add 
triquinoyl 


Pentacarbocyclic compounds are readily formed from triquinoyl and dihydroxy- 
diquinoyl, and from their parent substances, the hexa-substitution derivatives of 
benzene, hexahydroxy-benzene, diamino-tetrahydroxy-benzene, etc, 
Croconic acid hydride^ CiEUOk, is formed by treating rhodizonic acid with excess 
of alkali, or croconic acid with hydriodic acid. It is characterised by its bariuw 
salty C 6 n 2 BaOi *21120. It is probably formed by the decomposition of an un¬ 
stable hydroxy-acid, produced by the action of caustic alkali on two of the linked 
CO groups of rhodizonic acid (c/. the benzilic acid rearrangement, p. 656) 
{Nietzki, Ber. 23, 3136); 

HOC CO-CO /HOC*COv /COOH\ 

(hoS-co/’^^h 7 " 

Khodixonio acid Unstable hydroxy acid 



Croconic anhydride 


IIOC-COv 

Croconio acid 


Croconic acid, C60i(0H)2*3H20, forms sulphur-yellow leaflets. It loses its 
water of crystallisation at 100®. It dissolves very readily in water and alcohol. 
It is obtained by the action of concentrated nitric acid on inositol, CeH6(OH)t 
(Vol. 11, p. 103), by the action of oxygen at 80® on the sodium salt of tetrahy- 
droxy-quinone, or calcium rhodizonate, carbon dioxide and water being liberate 
{Gelormini, J. 52, 2483)^ and by the alkaline oxidation of hexahydro:pr-benzene, 
dihydroxy-^iquinoyI, diamino-tetrahydroxy-benzene, etc, Croconic hydride, 
which readily passes into croconic acid, is an intermediate product in these reac¬ 
tions. When triquinoyl is boiled with water, it decomposes into carbon dioxide 
and croconic acid: 


CflOe + H 2 O « CiHjOj + CO,. 

Its potassium salt, CjO^K, • 3 H 2 O, crystallises in orange-yellow needles. Hence the 
name from saffron (Gmelin, 1825). 

The so-called levconic acid, C»0«*4H,0 {Contardi, Gazz. 51, I, 109) , has been 
shown to be a mixture of croconic acid, rhodizonic acid, tetrahydroquinone, and 
hexahydroxy-benzene {Gelonnini, J. 52,2483). 

Nitrogen Derivatives of Quinone 

The oxygen atoms of quinone can be replaced by N(OH), NCI, NH, NPh, and 
similar groups. 

S UINONE-DIOXIMES. In connection with the p-nitroso-pheiiols, and in the 
anation of Fittig’s diketone formula for quinone (p. 202), it was stated that 
many chemists regard the p-nitroso-phenols, produced by the action of hydroxyl- 
amine hydrochloride on the p-quinones, as quinone monoximes. It is true that 
the p-nitroso-phenols are converted into pnquinone dioximes by the action of 
hydroxylamine hydrochloride. These two classes of compounds can be regarded 
as constituted according to the peroxide formula for the p-quinones (p. 234). 
o-Quimne dioximes are formed by the reduction of o-dinitraso-benzenes; they 
readily eliminate water, passing into anhydrides, the so-called/urozane derivatives 
(Zincke, Ann. 307, 28). v 

The dioximes combine with acetic anhydride giving diacetprl compounds. 
p-Dinitroso-benzenes (p, 67) are formed by atmospheric oxidation of alkaline 
solutions of the dioximes. They are oxidis^ by nitric acid to p-dinitrobenzenes 
(NietzH, Ber. 20,978). 
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o-Quinone dioxime, CaHil 1,2] (NOH)s, small yellow needles, dissolves in alkalis 
mving a blood-red solution, and is converted into its colourless anhydride, CaHa- 
NaO, m.p. 65®, merely on standing, or on warming in alkaline solution (Hantzach, 
Ber, 40. 4344). 

^-Qumone dioxime, CaH4[l,4](NOH)j, forms colourless, or yellow needles, 
which decompose at 240®. Toluquinone-dioxime, deflagrates at 220® (Fischer^ 
Ber. 21 , 679). p-Xyloquinone-dioxime, melts at about 272® (JSutkowski, Ber. 20 , 
978). Mono- and di-benzoyl-quinone-^oxime, see Totiorici, Gazz. 33, I, 237. 

Dinitro-resorcinol and hydroxylamine give diquinoyl trioxime^ CaH 20 (N 0 H)i, 
and diquinoyl tetroxime, CeH 2 (NOH) 4 . When the latter is oxidised with sodium 
hypochlorit^ it gives tetranitroso-benzene (Nietzki, Ber. 30, 181; 32, 605). 

QUINONE-IMINES are to be regarded as diketones, or as peroxides (p. 234), 
in which the oxygen is replaced by the imino-group (:NH), or the alkyl-imino- 
group (:NR), corresponding to the formulae: 


CaH 4 <^ or CJl /1 
^NH \nH 

Quinone monoimine 


^NH xNH 

and C,H 4 C or C,H 4 < | . 

^NH ^NH 

Quinone diimine 


They are formed from p-aminophenol, or p-phenylene diamine by gentle oxida¬ 
tion with silver oxide or lead dioxide in ether solution. The monoamines are 
bright yellow, and the diamines arc colourless, and very unstable. They form 
coloured picrates {Kehrmann, Ber. 56, 2398). They are strong oxidising agents, 
smell like quinones, and are volatile. When warmed with mineral acids they 
decompose into ammonia and quinone. When reduced with stannous chloride 
and hydrochloric acid, or by sulphurous acid, they are reconverted into the origi¬ 
nal substances, p-aminophenol and p-phenylene diamine. Owin^ to the ease of 
decomposition of the o-quinones, the isolation of the o-cpiinone immes, which are 
probably more unstable, has not yet been carried out. The o-quiuone-diimine, 
probably first formed by the oxidation of o-phenylene diamine, polymerises at once 
to o-azo-aniline (p. 142) {Willstdiier, Ber. 38, 2348): 


2c.h4<^; 


:NH[1] 


C,H4< >0014. 

NTVTHo H.IM/ 


=Ns 


NH[2] 


H 2 N- 


Quinone-monoimine, 0 [ 1 ]C 6 H 4 [ 4 ]NH, forms bright yellow prisms, which 
quickly turn black in solution when exposed to the light, and decompose in a 
short time when dry {WilhidUeTj Ber. 37, 4607; Kehrmann^ Ber. 56, 2398). 

Quinone-monomethyl-imine, 0 [ 1 ]C«H 4 [ 4 ]NCH 3 , is formed by oxidation of 
p-methyl-^aminophenoi, OHC 8 H 4 NHCHJ 1 , with silver oxide, or lead dioxide. It is 
even more unstable than the unmethylated imine, and deflagrates spontaneously 
(Willsiailer, Ber. 38, 2251). 

Quinone-diimine, NH[l]C 6 H 4 [ 4 ]Nri, m.p. about 124°, is formed by reduction 
of p-quinone-dichlorimine with hydrochloric acid in ether solution. It forms 
colourless, monoclinic prisms, which quickly turn brown in air {Kehrmann, Ber. 
56, 2402). It combines with sodium bisulphite to form a mixture of p-amino- 
phenol sulphonic acid, and p-phenylene diamine sulphonic acid. 

Toluquinone-monimines, 0 [l]C 6 H 3 [ 2 r(CH,)[ 4 ]NH and 0[1]C«H,[3](CH,). 
[4]NH, are obtained by oxidising p-amino-o-cresol and p-amino-m-cresol, respec¬ 
tively , with silver oxide ( Cordone, Helv. 7,956,964). Thymoquinone-monoimine 
0 [ 4 ]C 6 H 2 [l]NH[ 2 ]Me[ 5 ]C 8 H 7 , m.p. 74® (decomp.) is prepared similarly from 
p-amino-thymol (Kehrmann, Ber. 56, 2400). Thymoquinone-diiinine, NH[41- 
CeH 8 [l]NH[ 2 ]Me[ 5 ]C 8 H 7 , is obtained from nitroso-thymol by first making it 
into a dioxime by means of hydroxylamine hydrochloride, reducing this to a di¬ 
amine,. and then oxidising the diamine with silver oxide {Cordone, loc. di.). 

NHaBr.NHj 



, forms green prisms with 


Meriquinone-diimonium bromide. 


a coppery lustre. Its nitrate, which occurs as brass coloured crystals, has been 
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ra Ted by Piccard (Ana. 381, 351) by treating p-phonylene diamino dissolved 
cial acetic acid with bromine and nitric acid or nitrous fumes. 
Quinone-monomethyl-diimine, NH[1]C6H4[4]NCH8, m.p. 64-67®, and 
quinone-dimethyl-diimine, CH8N[1]C«H4[4]NCH8, m.p. 93®, are obtained, like 
the simple quinone diimines, by the oxidation of monomethyl- or si/wi-dimethyl- 
p-phenylene diamine. They form almost colourless crystals, but in solution the 
substances have a pale yellow colour. They are as unstable as quinone-diimine 
itself {WUUiatter, Ber. 38, 2249 ; 40, 2672). Quinone-imide ammonium com¬ 
pounds, NH:C*H 4 :NR'R*^R"', arc obtained by adding alkyl iodides to p-acetyl- 
amino-dialkyl-anilines, and hydrolysing the ammonium salts of the formula 
NH2CeH4N(R'R"R'")I, produced (Meldola, J. 107, 610). 

o^-Quinone dimethyl-diimoniumnitrate, NH: [l]CeH4[4] :N(CH8)2N03,HN08, 
is obtained as very unstable light-yellow prisms, by the oxidation of as-dimethyl- 
p-phenylene diamine with nitrous fumes. It aecomposes rapidly and explodes 
on heating. It combines with one molecule of its hydrc^-compound, os-dimethyl- 
p-phenylene diamine to form a compoimd [N 0 aNH 2 :C 6 H 4 :N(CH 8 ) 2 N 08 4- 
NrIaC 8 H 4 N (CH 8 ) 2 ] , of which the structure resembles that of quinhydrone. It 
forms green crystals, which dissolve in water with a magenta colour. These inter¬ 
esting compounds are called Wurster's dyes, after their discoverer, and are ob¬ 
tained by the partial oxidation of salts of as-diracthyl-p-phenylene diamine 
(Wurster^ Ber. 12, 1803, 2071). The corresponding hydrobromide, meri^i- 
methylquinorie-diimoniurn bromide, Wurster^s red {Piccard, Ann. 381, 351), m.p. 
147® (decomp.), is formed by the action of one atom of bromine on a solution of 
as-dimethyl-p-phenylene, diamine in glacial acetic acid. It forms green crystals, 
which give a deep red solution. The latter is bleached by reducing agents with the 
formation of phenylene diamine. Oxidising agents also bleach the solution, 
forming the entirely quinoid compound (Willstdtter, Ber. 41, 1468). 

Analogous blue compounds are obtained by starting with tetramethyl-n-phenyl- 
ene diamine. Unstable oxidation products coloured intense green or blue have 
also been obtained from p-phenylene diamine and dibromo-p-phenylene diamine 
(Wurster, Ber. 12, 1807; PHjigsheim, Ber. 38, 3354; Wilhidtter, Ber. 41, 1458, 
1473; Jackson, Am. Ch. J. 31, 209). 

These Wurster's dyes are of considerable interest in connection with the rela¬ 
tion between colour and chemical constitution. The oxidation level of these 
salts is intermediate between that of diaminobenzene and quinone-diimine. 
They can be formulated as binuclear quinhydrone structures, comprising one ben- 
zenoid, and one quinoid ring, as shown by formula (I)^ where Wurster's blue is 
taken as an example. The oxidation level of the quinoid system exceeds that of 
the benzenoid system by two equivalents, i.e., the former contains two electrons 
less than the latter. A second method ot formulating the combined system as a 
single ring, containing one electron less than a benzene system, is shown in (II). 
The arrow indicates a free valency, t.e.. one unpaired electron. (II) represents a 
free radical, and it might be objected tnat Wurster^s dyes do not behave like free 
radicals. However, this may be due to the fact that the radicals in this case are 
ions. The recent work of Michaelis (Am. 53, 2953) seems to indicate that they 
are mononuclear, and provides strong evidence in favour of formula (II). The 
problem may be put briefly as follows: is a meriquinoid structure necessarily a 
combination of a benzenoid and a quinoid ring, or can it exist as a mononuclear 
system of intermediate level of oxidation? 



* Free valency or unpaired electron. 



244 


NITROGEN DERIVATIVES OF QUINONE 


Amino-quinone-imine^ NHt[2]CtHt[l]0[4]NH, and its homologues are 
formed by the oxidation of 2,4<<liamino-phenols with ferric chloride. The di¬ 
chromate forms greenish-black, lustrous grains which dissolve in water giving a red 
solution (Kehrmannj Ber. 39, 3437). Diamino-quinone-imine, (NH 2 ) 2 C«H 2 - 
(0)(NH)(?), is obtained from triamino-phenol (Hepp, Ann. 215, 351). 

QUINONE-CHLORIMINES. These are produced from p-amino-phenols 
and p-phenylene diamines by oxidation with an aqueous solution of bleaching 
powder. Reduction converts them back to p-amino-phenols or p-phenyleno di¬ 
amines. The monochloroimines give the indophenol dvestuffs with phenols and 
tertiary anilines (p. 245). They combine with one molecule of hydroquinone to 
give dark-green compounds of quinhydrone nature (Knorr. Ber. 43, 798). Qui- 
none-monochloroimine, 0[l]CeH4(4}NCl, m.p. 85^, is also formed in the oxidation 
of aniline with hypochlorous acid {Bamberger^ Ann. 311, 78). It exists as golden- 
yellow crystals, which volatilise readily with steam, and smell like quinone. It is 
readily soluble in water, alcohol, and ether, and when boiled with water it de¬ 
composes into ammonium chloride and quinone (Schmitt^ J. pr. 23, 435). Qui¬ 
none-dichloroimine, C«H4(1,4] (N 2 CI 2 ), crystallises in needles, which deflagrate at 
124® (Kraiise. Ber, 12, 47). Trichloro-quinone-chlorimine, m.p. 118® {Schmitt, 
J. pr. 24, 429). Bromo-quinone-chlorimine, m.p. 60® (decomp.) (Raiford, Am. 
46, 417). Dibromo-quinone-chlorimine, m.p. 80® (Mdhlau, Ber. 16, 2845). 

S JINONE-PHENYLHYDRAZONES. Phenylhydrazine and alkylated pheny 1 
. azines are oxidised by quinone, but o-nitro- and o,p-dimtro-phenylhydraziiie 
give condensation products, which may be regarded as p-hydroxy-azo-compounds, 
as they are identical with the products obtained by coupling diazoti^^ed 0-1 litre>- 
or o,p-dinitraniline with phenol (Borsche, Ann. 357, 171). True quinone pluMiy l- 
hydrazones are formed, on the other hand, with a-acetyl- and -benzoyl-phenyl- 
hydrazine. Quinone acetyl- and -benzoyl-phenylhydrazones, 0 :C 4 H 4 :N NR 
C6Hi (R =» COCHi or COC^H®), melt at 118® and 171®, respectively. They 
very readily pass into the acylated p-hydroxy-azo-compounds, ROC«H4N2C6ll5 
{Willstdtter, Ber. 40, 1432). This reaction is of special importance in connection 
with the determination of the constitution of hyaroxy-azo-compounds (p. 210). 
o-Quinone-benzoyl-phenylhydrazone (?) gives o-hydroxy-azobonzene on hydroly¬ 
sis {McPherson, Am, 31, 281), 

S UINONE-OXIME HYDRAZONES are formed by the action of benzoyl- 
razine and benzoyl-phenylhydrazine on nitrosophenols (p, 202). Quinone- 
oxime benzoyl-hydrazone, fHON) :CeH 4 :NNH-COCJEI., melts at 210® (de¬ 
comp.). Quinone-oxime benzoyl-phenvUiydrazone, (HON):C 6 H 4 :NN(CO- 
C«H 5 )CeHi, m.p. 177®, gives p-nitro-azobenzene when boiled with nitric acid 


{Borsche, Ann. 343, 176). 


o-Quinone phenylhydrazone, CbHsNH-N* 



O 


(p. 210), was formerly thought to be a hydroxy-azo-compound, PhN:N[ll- 
C«H4[2]0H {Burawoy, Ann. 509, 60; 521, 298). 

QUINONE-SEMICARBAZONES AND AMINO-GUANIDONES. The qui- 
nones react more readily with semicarbazide and with amino-guanidine than with 
phenylhydrazine. Quinone-mono- and -bi-semicarbazone, C 6 H 40 (NNHC 0 - 
NH 2 ) and CbH 4(NNHCONH2)2, m.p. 171® and 243®, respectively, are obtained 
from quinone and semicarbazide hydrochloride. Quinone-mono- and -his^ 
amino-guanidone, Cja 40 [NNHC(NH)NH 2 l, and 0^3:4[NNHC(NH)NH 2 l,, are 
obtained by the action of amino-guanidine nitrate on quinone in the presence of 
nitric acid {Thide, Ann. 302, 311). The quinone-mono-semicarbazone and 
-mono-amino-guanidone are probably hydroxy-azo compounds (Borsche, Ann. 
334, 1666). 

QUINONE-AZINES. p-Quinone-azine, 0[4]CeH4[l]N-N[llC«H4[4]0, de¬ 
flagrates at 158®. It is formed by oxidation of p-azo-phenol (p. 210) with silver 
oxide and lead dioxide in ether solution. It is obtained in the form of dark orange 
prisms, or dark yellow rhombohedral flakes. It is stable in air, and is odourless, 
and non-volatile. When reduced with sulphurous acid or phenyl-hydrazine it is 
converted into p-azo-phenol, but stannous chloride and hydrochloric acid reduce 
it to p-amiflo-phenol. It combines with one molecule of p-azo-phenol, forming a 
compound resembling quinhydrone, which crystallises in blue-black needles, m.p. 
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182®. The same compound is obtained by direct oxidation of p-azo-phenol. 
o- and m-Azo-phenols do not yield quinone-azines iWUlsUttier. Ber. 39, 3482), 

QUINONE-DIAZIDES. It has already been pointed out in connection with 
the diazo-salts of the o- and p-aminophenols that the corresponding diazo- 
hydroxides readily pass into yellow anhydrides related to the quinones^ probably 
to be regarded as o- and p-quinone-*diazides, N 2 C 6 H 4:0 (p. 208), Similar be¬ 
haviour is shown by the diazonium salts of p-amino-^iphenylamine. NH 2 C 6 H 4 - 
which, on treatment with ammonia, form p-quinone-aiazide-anil, 
NaCeH*:NCeH» (Hantzsch, Ber, 35, 888 ), 

Quinone-phenyl-monoimine, quinone mono-anil^ C«H 4 {ONPh), m.p, 97®, 
forms fiery red crystals. It is formed by oxidation of p-hydroxy-diphenylamine 
in benzene solution with mercuric oxide, and when reduced it reverts to this com¬ 
pound (Bandrowski, Mo. 9, 157), 

V INDOPHENOLS AND INDOANILINES. These compounds are obtained 
from quinone-mono-anil or quinone-phenyl-imine by replacing the p-hydrogen 
atom of the anil group by an OH or NH 2 group. They are dyes. Like many 
members of this class, they are decolourised on reduction, the resulting compounds 
being called leuco-compounds. These are p-di-substituted diphenylamines (for 
nomenclature, see Mdhlau, Ann. 289. 90). 

INDOPHENOLS are formed ( 1 ) oy condensing phenols, or phenol ethers, in 
which the p-position is free, with p-nitroso-phenol or quinone chlorimine, using 
70% sulphuric acid or concentrated hydrochloric acid as condensing agents. 
Tliey may also be obtained by the action of nitric acid, or sodium nitrite and per¬ 
chloric acid, on phenol ethers (Kehrtnann, Ber. 54, 2427, 2435). (S) By oxidising 

a mixture of a p-aminophenol and a phenol. They dissolve in alcohol giving red 
or brown solutions, and resemble the phenols in character. Their alkali-metal and 
ammonium salts give blue aqueous solutions. They are decomposed by dilute 
acids giving quinones and p-aminophenols. These prcxiucts can enter into second¬ 
ary reactions and form hydroquinones and dihydroxy-anilido-quinones (Heller. 
Ann. 418, 259). 

.NCelLOH ' 

Quinone-phenolimine, indophenol, CJl 4 <^^ , m.p. 160®, forms brown 

leaflets with a metallic lustre, and is readily soluble in alcohol giving a red solution. 
The sodium salt is blue, and is obtained by oxidising a mixture of phenol and 
p-arainophenol in alkaline solution with sodium hypochlorite at — 10 ®. The free 
quinone-phenolimine can then be liberated by the addition of acetic acid. It is 
also obtained by the action of hot caustic soda on phenol blue (p. 246) (Mdhlau, 
Ber. 18, 2916). The chief product of its decomposition is hydroquinone (Heller, 
Ann. 392, 16), and it gives colourless p-dihydroxy-diphenylamine (p. 207) on 
reduction. It can be re-formed from the latter by oxidation with mercuric oxide 
(Schneider, Ber. 32, 689). 

.NCcHiOH 

Dibromo-quinone-phenolimine, C«H 2 Br 2 ^ , obtained from dibromo- 


quinone-chlorimine, is more stable than quinone-phenolimine. Free dibrorno- 
quinone-phenolimino crystallises in dark red prisms, having a metallic lustre. 
It dissolves in alcohol and ether iivith a magenta colour. It is decomposed by 
concentrated mineral acids into dibromo-aminophenol, and quinone. Indophenol- 
.N( 0 )C 2 H 40 H 

N-oxide, C 6 H 4 ^ , is produced as reddish-brown lancets by the 


action of a mixture of nitric and sulphuric acid in acetic acid on phenol. It dis¬ 
solves in mineral acids with a reddish-violet colouration. It chars without a well- 
defined melting point. Its benzoate, orange to brown leaflets, melts at 174.3® 
(Meyer, Ber, 54, 337). ♦ 

The INDOANILINES are produced (f) by condensation of p-nitrosophenol or 
quinone-chlorimine with dimethylaniline; (B) by the action of nitroso- and nitro- 
dimethylaniline on phenol in alkaline solution, especially in the presence of reduc¬ 
ing agents (Witt, 1879); (3) by the oxidation in alkaline solution (with sodium 
hypochlorite) of a mixture of a p-phonylene diamine (or its derivative) with a 
pnenol, or a p-aminophenol witn a primary mono-amine, or by means of lead 
dioxide or manganese dioxide in the presence of disodium hydrogen phosphate 
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(NietzH, 1877) (Bayrac, BuU. [3], 11,1131; Ger. Pats. 171,028 and 179,294/5). 

Indoanilines are weak basen. They are fairly stable towards alkalis, and form 
colourless salts with acids. On prolonged action of acids, they are readily de¬ 
composed into quinones and p-phenylene diamines. On r^uction, they add on 
two atoms of hydrogen, forming leuco'-compounds (amino-hydroxy-diphenyl- 
amines, p. 207), from which the indoanilines are easily reformed by oxidation in 
alkaline solution, mere exposure to the air being sufficient. The free indoanilines 
are deep-blue, and can be used as dyes. For this purpose, they are converted 
into their leuco-compounds, which are soluble in alkalis, and the fabric is impreg¬ 
nated or printed with this solution. Oxidation, by exposure to air, or with potas¬ 
sium bichromate, develops the colour on the fabric. 

.NCeH4NH* 

Quinone-aniline-imine, C 6 H 4 ^ , is a violet dye formed in the oxida¬ 


tion of p-phenylene diamine and phenol. 

Quinone-dimethylaniline-imine, phenol hlue^ CeH 


.NCeH4N(CH,)2 


m.p. 


167®, obtained from os-dimethyl-p-phenylene diamine and phenol, is greenish 
blue in colour, and dissolves in acids giving a blue solution. When boiled with 
caustic soda it loses dimethylamine and is converted into quinone-phenolimine. 
It is decomposed by sulphuric acid into quinone and dimethyl-p-phenylene di¬ 
amine. This is a general reaction, and has been used in some cases for the prepara¬ 
tion of quinones (Bayrac, Bull. [3], 11, 1129; Mohlan, Ann. 289, 90). 

QUnfONE-PHENYL-DIIMINES. Quinone-monophenyl-diimine, quinone- 
imide-anil, C«H 5 N:CflH 4 :NH, forms light yellow prisms, m.p. 89®, and is ob¬ 
tained by oxidation of p-amino-diphenylamine (p. 107), with silver oxide or lead 
dioxide in ether solution. It is also formed, together with quinone-mono-anil, by 
gentle oxidation of aniline in an aqueous alkaline solution. Water decomposes it, 
even in the cold, into ammonia and quinone-mono-anil, and when heated with 
dilute sulphuric acid, it is converted into quinone. In the presence of mineral acids 
it readily dimerises to form the green dye, Willst&tter^s erneraldin. This is also 
formed when p-amino-diphenylaminc is oxidised in acid solution with ferric 
chloride or hydrogen peroxide, and also by reduction of nitrobenzene in a hydro- 
fluosilicic acid solution, the suDstance first formed being p-amino-diphenylamine. 
The free base obtained from emeraldin, the so-called azurin, m.p. 165®, forms deep 
blue prisms, and probably has the constitution CeH 6 NH*C 6 H 4 NH*C 6 H 4 N:- 
CeHi.'NH. When oxidised by lead dioxide in benzene solution, both azurin and 
emeraldin, which arc semi-quinoid in structure, pass into the doubly-quinoid red 
imine, C6H4N:C6H4N:C6H4N:C6H4:NH, Like qmnone-monophenyl-di-imine. 
this compound polymerises, under suitable conditions, to a black dye called 
aniline black {Willstdtter, Ber. 40, 2655; 42, 4123). 

Aniline black* is one of the oldest known organic dyestuffs, and is remarkable 
for its permanence. It is formed by oxidation of aniline salts (p. 76), or p- 
phenylene diamine salts (p. 107), with potassium dichromate and sulphuric acid, 
ammonium persulpliate, or potassium chlorate, in the presence of oxygen carriers, 
such as copper sulphate, potassium ferrocyanide, ammonium vanadate, etc., or 
of organic carriers, such as the azo- or nitroso-derivatives of organic bases, or azo-, 
azoxy-, and hydrazo-benzene, etc. 

In cotton dyeing, aniline black is produced on the fabric, by printing the 
fabric with a mixture of an aniline salt, and one of the above oxidising agents, and 
then developing the dye by steaming at a low temperature. 

Aniline black is related to the red oxidation product of Willstatter^s emeraldin, 
the connection being similar'to that between emeraldin and quinone monophenyl- 
diimine. It cannot be regarded as a single compound. It consists of a mixture 
of triple- and quadruple-quinoid compounds, the amount of each varying with the 
extent of oxidation, as the compoimas are produced in st^es by the oxidation of 
the aniline or p-pbenylene diamine. According to A. 0, ween, the stages in the 
oxidation are as follows (J. 97, 2388): 


* E. Nodiing and A. Lehne^ Anilinschwarz und seine Anwendung in Farberei 
und 2Seug(lruck. 3rd ed., Spnnger, Berlin, 1908. 
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C6H»NHC6H4NHC*HiNHC«H4NHC«H4NHC6H4NHCH4N:CeH4:NH 

Proto-emeraldin 

(C4H5NHC«H4NHC(H4NHC6H4NHC4H4NHC4H4NHC«H4NHC6H4NH,) 

Leuco-proto-emeraldin 

//. C«H5NHC6H4NHCeH4NHCeH4NHC4H4N:C6H4:NC4H4N:C4H4:NH 

Green’s cmeraldin 

III. C 4 H 5 NHC 4 H 4 NHC 4 H 4 N: C 4 H 4 : NC«H 4 N : C 6 H 4 : NCJI 4 N: C 6 H 4 : NH 

Nigraniline . 

IV. CeHjN :C4H4:NC6H4N:CJH[4:NC6H4N:CJH4:NCeH4N:C6H4:NH 

Pernigraniline 

The number of quinoid groups in the oxidation products of aniline can be deter¬ 
mined by the phenylhydrazine method of Willstdtier and Cramer (Ber, 43, 2976; 
cf. Green^ Ber. 44, 2570), the volume of nitrogen evolved being measured. 

When heated with dilute sulphuric acid, one-eighth of the total nitrogen of 
aniline black is split off as ammonia, the imino-group being replaced by oxygen. 
This is accompanied by an increase in the depth of the colour. These oxygen- 
containing substances are contained in aniline black in proportions varying with 
the method of preparation. Powerful oxidising agents, such as chromic acid, or 
lead dioxide and sulphuric acid, convert aniline black almost entirely into quinone 
(Wilhlditer, Ber. 42, 2147, 4118). 

Wlien a mixture of nigraniline and pernigraniline is subjected to further oxida¬ 
tion in the presence of aniline, three more molecules of aniline attach themselves 
to the molecule, and true aniline black is formed {Green, Ber. 46, 3769). This 
substance has a phenyl-azonium structure, represented by the following graphic 
formula, in which the three molecules of aniline attached at the final stage are 
indicated in italics: 


H CeHi H H CJIi 

N ChN N a-N N ChN N 



<^inone-diphenyl-diimine, diphenyUp~azo-j)henylene, quinone-dianil, C«H 4 - 
(NCeHs)*, m.p, 176-180®, is obtained by the oxidation of diphenylamine (p. 84), 
and diphenyl-p-phenylene diamine. When reduced, quinone dianil gives diphenyl- 
p-phenylene diamine, to which it is related in the same way as quinone is to hydro- 
quinone. 

Two ijhenyl-amino groups may be introduced into the benzene residue of qui- 
none-anil and quinone-dianil with the same ease as into quinone itself, which as 
mentioned above, gives dianilino-quinone and hydroquinone when its alcoholic 
solution is boiled with aniline. If acetic acid is present, dianilino-quinone-anil, 
(C6H6NH)aC6H2(0) (NCeHs), m.p. 202®, is formed as brownish-red needles. 
The same compound is formed when quinone-mono-anil is heated with aniline, 
^ut is accompanied by p-hydro^-diphenylamine. It is also produced by oxidis¬ 
ing aniline with'hydrogen peroxide in a feebly acid solution. 

Dianilino-quinone-(Uanil, azophenine. (C 4 HjNH) 2 C 8 H 2 (NCeHfi) 2 . m.p. 241®, 
forms gamet-red flakes. It is produced (l ) by heating quinone-dianil with aniline; 
(S) by melting quinone with aniline and aniUne hydrochloride; (S) by the action 
of aniline on amino-azobenzene, p-nitrosophenol, or p-nitroso-diphenylamine. 
When heated it is converted into Jhwrindine (Vol. IV). The quinone-dianils are 
important intermediates in the manufacture of induline dyes {Zincke, Ber. 18, 
787; Ber. 20,2480 ; 21,683; 23,2791; 25,2731; Brandrawski, Mo. 9, 

414; Hew itt, B er. 31. 1789). 

INDAMn^S. Tne indamines are derived from quinone-phenyl-diimines in 
the same way as indoanilines are from quinone-monoanils. They are closely 
related to p-diamino-diphenylamine, which is the leuco-derivative of the simplest 
indamine, being obtained from it by reduction. 

Indamines are formed: (i) by the action of nitroso-dimethy 1-aniline on anilines 
or m-diamines {Witt, Ber. 12, 933); (S) by oxidising a mixture of p-phenylene 
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diamine and an aniline in neutral solution, and in the cold (Nietzk% Ber. 28. 
2974); (5) by oxidiaing a mixture of tn-phenylene diamine and p-aminophenol 
hydrochloride in dilute alkaline solution {Ullmann, Ber. 45, 3437). They are 
weak bases, forming blue- or green-coloured salts with acids, but with an excess of 
acid they are readily decomposed into quinone and the diamine. On account 
of their instability they have no practical use, but are important as intermediate 
products in the manufacture of tliionine and safraninc dyes, into which they can 
oe readily converted. For the connection between the indophenols, indanilines, 
and indamiries to the dyes of the oxazine, thiazine, and diazinc series, such as re- 
sorufin, methylene blue, the indulines and safranines, see Vol. IV. 

The simplest indamine is phenylene blue, C 6 H 4 ^ , which is ob- 

^NH 


tained by the oxidation of p-phenylene diamine with aniline. Its salts are green¬ 
ish-blue in colour. It gives diamino-diphenylamine on reduction. Its tetra- 
methyl hydrochloride is 

/C(Jl4N(CH3)2 

Dimethyl-phenylene green, Bindachedler's green. , 

^CJI4=N(CH,),C1 

obtained by the oxidation of dimethyl-p-phenylene diamine with dimethyl- 
aniline. Its salts give a green aqueous solution. On reduction it gives tetra- 
methyl-diamino-diphenylamine, and when digested with dilute acids it is con¬ 
verted into quinone and dimethylaniline (Bindschedler^ Ber. 16, 865; Nietzki. 
Ber. 17, 223). On standing with caustic soda, dimethylamine splits off, ana 
phenol blue is produced, and by the loss of more dimethylamine, qumone-phenol- 
imine (p. 245) is formed (MdhlaUf Ber. 18, 2915). Phenol blue is also obtained 
by oxidising tetramethyl-diamino-diphenylamine with potassium ferricyanide 
in alkaline solution (Wieland, Ber. 48, 1078). 

/[1]CJI,[3]CH,[4,6](NH0. 

Toluylene blue, C,5Hi,N4Cl=N4 , is produced from 

^[llC6H4f4)-=N(CH,)2Cl 

ordinary toluylene diamine (p, 107) by oxidising a mixture of it with dirnethyl-p- 

K ene diamine, or by the action of nitroso-dimethylaniline hydrochloride. 

bs with one equivalent of acid are of a beautiful blue colour, and are de¬ 
colourised by excess of mineral acid with formation of the diacid salts. It is con¬ 
verted into the azine dye, toluylene red^ on boiling with water. 

The connection between the indamines and indoanilines and indophenol is 
shown by the fact that it is possible to convert the simplest indamine into quinone- 
aniline-imine, and the latter into quinone-phenol-imine (Mdhlau^ Ber. 16, 2843; 
18, 2915). 

A large number of representatives of the indophenols, indoanilines, and in¬ 
damines containing the naphthalene residue are known. A few of them, such as 
navhthol blue or ^indophenol," are used industrially (Mdhlau, Ber. 18, 2916). 
For quinoid sulphur compounds, see Zincke, Ber. 40, 3039; 41, 902. 


9. THE PHENYL PARAFFIN ALCOHOLS AND THEIR 
OXIDATION PRODUCTS 

In the preceding sections those classes of derivatives of mono¬ 
nuclear aromatic hydrocarbons which are formed by the replacement 
of hydrogen atoms in benzene itself, or of the benzene residue of 
alkyl-benzenes, by atoms of other elements or groups of atoms, have 
been described. The classes dealt with were: halogen substitution 
products (p. 49); nitrogen derivatives of benzene hydrocarbons 
(p. 66); aromatic phosphorus, arsenic, antimony, hismvih, boron, 
and silicon compounds (p. 166); the phenyl metal compounds (p. 170); 
the sidphonic acids, and their related compounds (p. 173); the 
phenols (p. 183), and the quinones (p. 233). 

The classes of substances to be dealt with in the succeeding sections 
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are those obtained by the replacement of hydrogen atoms of the alkyl 
groups in alkyl benzenes. As in the case of the aliphatic series, the 
oxygen derivatives will be regarded as the principal or fundamental 
compounds. With each group of oxygen compounds are described 
their derivatives in which all or some of the carbon valencies linked 
to oxygen in the fundamental compounds are linked to halogen, 
sulphur, or nitrogen. As in the case of the aliphatic series, we shall 
deal first with those compounds in which one carbon atom of the 
side-chain is linked to oxygen, viz,: 

(la) The monohydric phenyl-paraffin alcohols, and their oxidation 
products — aldehydes, ketones, and eai^oxylic adds. As would be ex¬ 
pected, these compounds are very similar, as regards the reactions of 
their functional groups, to the monohydric aliphatic alcohols, and 
their oxidation products. They are therefore regarded as phenyl 
substitution products of aliphatic compounds, and are named ac¬ 
cordingly. 

lOach of the alkyl-benzene derivatives constitutes a parent sub¬ 
stance from which numerous compounds are derived in the same 
manner as substituted products from benzene itself. In general, 
the derivatives of phenyl-aliphatic compounds which are substituted 
in the ring, will be dealt with after the corresponding principal com¬ 
pounds, as far as they deserve mention. The hydroxyl derivatives 
of monohydric aromatic alcohols, however, which contain one or 
more hydroxyl groups attached to the ring, and their oxidation prod¬ 
ucts, which possess both phenolic and alcoholic properties, will be 
dealt with as a separate group. 

(lb) Monohydric hydroxyphenyl paraffin alcohols and their oxida¬ 
tion products. Then follow: 

(2) Polyhydric phenyl paraffin alcohols, in which only one hydroxyl 
group is linked to each side-chain, and their oxidation products; and 
finally 

(S) Polyhydric phenyl paraffin alcohols, in which more than one 
hydroxyl group is attached to a side-chain, and their oxidation products. 

In subsequent sections the mononuclear benzene derivatives with 
unsaturated side-chains are dealt with, 

(la) Monoiiydbic Phenyl Paraffin Alcohols and Their 
Oxidation Products 

1. The Monohydric Phenyl Paraffin Alcohols 

The tribe alcohols of the benzene class are produced by the introduction of one 
hydroxyl group into the alkyl residue of an alkyl-benzene. There are primary, 
secondary, and tertiary alcohols. On oxidation, primary alcohols yield aldehydes 
and carboxylic acids, and secondary alcohols, ketones. 

Benzyl alcohol-» Benzaldehyde-► Benzoic acid 

CelltCILOH CeHftCHO CtH»COOH 

Phenyl-methyl carbinol-► Acetophenone 

C^H, CH(OH) CH, CiH,-CO CH, 

Formation .—^Benzyl alcohol and its homologues resemble ethyl alcohol by their 
similar methods of formation: (1) They are formed when benzyl halides, such as 
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benzyl chloride, are hydrolysed. The hydrolysis can bo efiTected by water alone 
(Ni^rist, Ann. 196, 363), by a mixture of water and lead oxide (Lauth, Ann. 
143,81), or by aqueous potassium carbonate. The chlorides can also be converted 
into acetates, and the latter can be hydrolysed. 

(jg) Primary amines (the reduction products of aromatic nitriles), give alco¬ 
hols when treated with nitrous acid; cumobenzyl alcohol, and hemimellibenzyl 
alcohol, for example, are prepared in this way. 

($) The alcohols can also be obtained by reduction of the corresponding al¬ 
dehydes and ketones with nascent hydrogen, preferably in the presence of catalysts 
(Skita^ Ber. 48, 1685). 

(^a) Ethyl-j isopropyl-, and similar alkyl-benzenes yield secondaiy and 
tertiary aromatic alcohols on catalytic oxidation (Ger. Pat. 522,255). 

(4b) The magnesium compounds of benzyl halides and their homolo^es react 
with oxygen, giving rise to the alcohols; thus p-cumyl chloride, C 3 H 7 'C«H 4 *- 
CHaCl, gives C*H7-C6H4*CH20H, p-cumyl alcohol (Bert, Bull. 37, 1677). 

(5) When aromatic aldehydes are treated with alcoholic potash, phenyl- 
paraffin alcohols and the corresponding carboxylic acids are formed simultane¬ 
ously. This is known as Cannizzaro*a reaction» It is rarely observed with paraf¬ 
fin alcohols (Meyer, Ber. 14. 2394; Raikov, C. 1902,1, 1212). Two molecules 
of benzaldehyde give one molecule of benzyl alcohol and one of potassium ben¬ 
zoate, benzyl benzoate being probably formed as an intermediate: 

KOH 

2CeH6CHO-► aHfiCOOCHaCaHs-► CJi.COOK + CcHsCILOH 

(Titschenko, J. pr. 86, 322; Kohn, Proc. 15, 194). 

(6a) By electrolytic reduction of aromatic carboxylic acids or esters, dissolved 
in alcoholic sulphuric acid. A high cathodic overvoltage is required. When esters 
are used, the corresponding ethers are formed simultaneously; thus, from methyl 
benzoate, benzyl alcohol and benzyl-methyl ether, CeH^CHaOCHi, are formed, 
and from phenyl benzoate, benzyl-phenyl ether (Meitler, Ber. 38, 1745; 39, 
2933; Kling, C. 1908, II, 1863; Fichter, Helv. 12, 821). 

(6b) Alcohols are also obtained by reducing esters of phenyl-fatty acids, 
other than benzoic and phenyl-glycidic esters, with sodium and ethyl- or amyl 
alcohol (Ger. Pat. 164,294). 

(6c) By reduction of amides of aromatic carboxylic acids whose carboxyl 

S *oup is lixiked to the nucleus, with sodium amalgam in acid solution (Hutchinson, 
er. 24, 173), 

(6d) They are also formed by a process known as ''exchange of levels of oxida¬ 
tion," which consists in treating aromatic aldehydes or ketones with a primary 
aliphatic alcohol, in the presence of a catalyst. The sodium, magnesium, and 
aluminium compounds of the alcohol in question are usually effective catalysts. 
A mixture of benzaldehyde, ethyl alcohol, and a metallic ethylate, for example, 
giv^s benzyl alcohol and acetaldehyde (meerwcin, Ann. 444, 221; Ponruiorf, Z. 
angew. 39, 138; Ger. Pats. 38^351 and 432,850). 

(7) Aralkylene oxides, Ar-C-Alk-CHa, are reduced catalytically to primary 

Ny' 

alcohols, Ar CHAlk-CH,OH (Br. Pat. 320,424). 

^ (8) Reduction of unsaturated alcohols gives alcohols of this series; thus, 
cinnamyl alcohol, PhCHiCH-CHaOH, is reduced to hydrocinnamyl alcohol, 
PhCHa-CHaCHaOH. 

(9) .Nuclear synthesis is brought about by the action of alkyl-metal com¬ 
pounds on aldehydes, ketones, esters, acid chlorides, and halogen hydrins: (a) 
Phenyl magnesium bromide gives phenyl-dimethyl carbinol, PhC(OH)(CHi) 2 . 
(h) Aromatic aldehydes, ketones, esters, and chlorides give secondary and ter¬ 
tiary phenyl paraffin alcohols with zinc alkyls, and still better with magnesium 
alkyl halides (Vol. I, p. 219); aliphatic aldehydes and ketones also give secondary 
and tertiary phenyl paraffin alcohols with aralkyl-magnesium halides. The 
tertiary phenyl paraffin alcohols readily lose water and are converted into ole- 
fine-benzenes. (c) Phenyl magnesium bromide and ethylene chlorhydrin give 
phenyl-ethyl alcohol. PhCjH 40 H (Grignard, Ann. Lyon, 1901; C.r. 132, 1182; 
Ann. chim. phys. [8], 10, 23}. A modification of these syntheses which avoids 
the use of ether with the Gngnard reagent is described by Sekorygin (Ber. 64, 
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2584). A synthesis of alcohols from benzene hydrocarbons, ethylene oxide or 
chlorhydrin, and aluminium chloride, is suggested in Br. Pat. 398,136; Fr. Pat. 
716,604. 

Properties .—The aromatic alcohols are colourless, oily liquids, 
some possessing a pleasant odour, or crystalline substances. They 
show the general properties of alcohols, being oxidised to aldehydes, 
or ketones, forming ethers, esters, etc. The lower members occur in 
some essential oils and balsams, and are of importance in the per¬ 
fumery industry. The primary alcohols form compounds with an¬ 
hydrous calcium chloride, which are decomposed by water, and in 
this way they can be isolated from mixtures. They also combine 
with phthalic anh 3 ’’dride giving hydrogen phthalates, which dissolve 
in sodium carbonate solution. The alcohols give high-boiling boric, 
phosphorous, and arsenious esters (Br. Pat. 252,670). These esters 
and the hydrogen phthalates can be used in the identification of the 
alcohols. The crystalline (di-) phenyl-urethanes may also be used 
for the same purpose. 

The alcohols, particularly the tertiary ones, are readily dehydrated with 
formation of benzene hydrocarbons. Alcohols of the type Ar • (Aik) • CH • CH 2 OH, 
when dehydrated catalytically, undergo partial rearrangement, the alkyl group 
migrating to the carbinol carbon. Thus, the chief product is Ar*CH:CH-Alk, 
while the normal product^ Ar • (Alk)C:CH 2 , is formed in smaller amounts. Alco¬ 
hols of the type Ar»CH(OH) ’Aik, contain an asymmetric carbon atom, and can 
be resolved into optical antipodes by the usual methods. When they are treated 
with benzene and aluminium chloride the phenyl group replaces the hydroxyl, and 
benzene hydrocarbons are formed {Bodforss, Ber. 51, 192). 

Benzyl alcohol, phenyl carbinol, C 6 H 6 CH 2 OH, solidifying at 
— 16.7®, b.p. 206®, do 1.062, is isomeric with the cresols (p. 189). 
It occurs as the benzoic and cinnamic esters in balsams of Peru and 
Tolu, and in storax (Ann. 169, 289), as the acetate, and sometimes 
free in some essential oils, e.g., in oil of jasmine flowers {Hesse, Ber. 
32, 567). It is obtained by methods (I), {2), (S), (6), {6a), {6b), and 
{6d), given above, from benzaldehyde, benzyl cWoride, benzoic acid, 
and benzamide. It is usually prepared by reactions {1) and (S). 
It is a colourless liquid, with a faint aromatic odour. It is difficultly 
soluble in water, but dissolves readily in alcohol and ether. When 
oxidised it gives benzoic acid and benzaldehyde. When heated with 
hydrochloric or hydrobromic acid, the hydroxyl gro\ip is replaced by 
the halogen. Benzoic acid and toluene are formed when benzyl 
alcohol is distilled with concentrated potash. 

History .—As early as 1832, Liebig and Wdhler obtained benzyl 
alcohol in the course of their famous investigation into the benzoyl 
radical. They obtained it by treating benzaldehyde with alcoholic 
potash (Ann. 3, 254, 261). Cannizzaro, however, was the first to 
recognise it, when studying this reaction more closely in 1853. 

HOMOLOGOUS PHENYL PARAFFIN ALCOHOLS. The primary alcohols 
are usually prepared by methods (f), (^), (3). (^a), Uh), (6). (Sa-d), (7), (8). 
and (Oc ); hydrocinnamyl alcohol by method (8). secondary alcohols by methcM 
(f), or by reducing ketones according to methc^s (3) and (.{a), and secondary 
and tertiary alcohols by methods {4a) and (9 ). 
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Nuclear homologues of benzyl alcohol are given in the table. 


Homologue 

M.p. 

B.p. 

Reference 

o-Tolylcarblnol, 

CH,I21CJH«(llCH,OH 

35 ® 

223“ 

Mettler, Ber. 39, 2938 

m*ToIyIcarbinol, 

C^,[3IC,H«[l]CH^OH 

Liquid 

217® 

Colson, Bull. 43, 6 

p-Tolylcarblnol, 

CHi[4JC6H4[ 1 ]CH 20 H 

60® 

217® 

Cannizzaro, Ann. 124, 255 

2,4-Dimethylbenzyl alcohol, 
(CH,)2[2,41C«H,[1]CH20H 

22® 

232® 

Hinrichsen, Ber. 21 , 3085 

3,5-Mesitjrl alcohol, 

(CH,)![3,5JCai,fl]CH,OH 

Liquid 

220® 

Wispek, Ber. 16, 1577 

2,3, 6 -Cumobenzyl alcohol, 
(CH8),[2,4,5]C2H*[1]CH20H 

168® 


Krasmer, Ber. 24, 2411 

3,4,5-Hemimellibenzyl alcohol, 
(CH,), [3,4,5] CJIj [ 1 J CHjOri 

78® 


Kraemer, Ber. 24, 2411 

p-Cumyl alcohol, 

(CHs) 2 CH [4] C 5 H 4 [ 1 1CH 2 OH 

! 

249® 

Perkin, J. 69, 1198 

MeUityl alcohol. (CIWsCi-CHjOH 

160® 

•• 

Jacobsen, Ber. 22 , 1217 


Among other hornologuea may be mentioned: Phenyl-ethyl alcohols: Benzyl 
carbinol, /9-phonyl-ethyl alcohol. PhCH2CH20H, solidifying at —25.8®, b.p. 
219®, occurs in rose-oil and in otner essential oils (Soden, Ber. 34, 2803). It is 
prepared: (1) from benzene, ethylene oxide, aluminium chloride and hydro¬ 
chloric acid (Smith, Natelaon, Am. 53, 3476); (2) from phenyl chloride, mag¬ 
nesium, and ethylene chlorhydrin or ethylene oxide, without the use of ether 
(Schorigin, Ber. 64, 2584); (S) from phenyl magfiesium bromide and ethylene 
chlorhydrin (Schknck, Ber. 64, 735); (4) by the action of ethylene chlorhydrin 
or ethylene oxide on phenyl sodium or potassium (Ger. Pats. 594,968 and 596,523). 
Its phenyl-urethane, m.p. 80®, diphenyl-urethane, m.p. 99-100®, hydrogen 
phthalic ester, m.p, 188-189®. It is dehydrated by potassium carbonate, giving 
styrene (p. 443) (c/. Alder, Ann. 501,1). 

Phenyl-methyl carbinol, a-phenyl-ethyl alcohol. PhCH(OH)CH», b.p. 203®, is 
obtained by the action of methyl magnesium iodide on benzaldehyde (Grignard, 
Ann. Lyon, 1901), and also by heating phenyl glycol with caustic potash (Palfray, 
C.r. 193, 941). Its phenyl-urethane, m.p. 78®, and that of phenyl-ethyl carbinol 
(p. 253) are used as soporifics (Puyal, Bull. 27, 857). When dehydrated by 
means of acids it gives styrene in addition to the ether (Descamps, Bull. Belg. 33, 
139), It has been resolved into its optical antipodes ; d-form, 42® 88', 1- 
form, aD —10® 94'; the rotation is reversed in the halides (Houssa, Kenyon, J. 
1930,2260; 1931,382). 

Tolyl-ethyl alcohol, CIl3C«H4CH2CH20H, o-, m.p. 243.5®, m-, m.p. 243®, p-, 
m.p. 245®. These compounds are obtained by the action of ethylene chlorhydrin 
on tolyl-magnesium bromides (Grignard, Ann. chim. phys. [8] 10, 23), or by the 
electrolytic reduction of the three isomeric tolyl-acetic acids (Kling.C, 1908, II, 
1863). w-and p-Tolyl-methyl and tolyl-ethyl carbinols, CHsC 6 H 4 CH(OH)Alk, 
are obtained from the bromo-toluenes by the action of acetaldehyde or propion- 
aldehyde, respectively, and magnesium (Ber. 55, 21). p-Tolyl-metnyl car¬ 
binol has been detected in the oil of Curcuma doniestica (Arch. Pharm. 27, 342). 

Phenyl-propyl alcohols ,—^HycLrocinnamyl alcohol, CeH6CH2CH2CH20H, b.p. 
235®, is obtained by catalytic or electrolytic reduction of cinnamaldehyde (SJdta, 
Ber. 48,1692; Shima, J. Kyoto, 1929). It occurs as the cinnamic ester in storax 
(Miller, Ann. 188, 202), a-fi-Amyldihydro-cinnamyl alcohol, C 6 H 6 CH 2 CH- 
(C2Hii)CH20H, b.p. 162® (13 mm.) is obtained by the action of sodium benzyl- 
ate and n-amyl-cinnamaldehyde (p. 458) (Palfray, C.r. 203, 1523). /3-Phenyl- 
butyl alcohol, PhCH8CHi*CH-CH20H, b.p. 126-128® (13 mm.) is obtained from 
/3-methyl-hvdrocinnamic ester (Rupe, Hefv. 13. 361), and by the action of pro- 
pionaldehyde on benzyl-magnesium bromide (Lagerer, Russ. 5, 515 (1935)). 
i8,/?-Phenyl-inethyl-propyl dcohol, (CHj)2C6H6C*CH20H, is obtained from 
benzyl cyanide as follows: Dimethyl benzyl cyanide is prepared, it is hydrolysed, 
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the acid obtained is converted into its isoamyi ester, and this ester is reduced with 
sodium and isoamyl alcohol (Darzens, C.r. 189,1287). ^-(p-Isopropyl-phenyl-)- 
ethyl alcohol, C8H7[4]CeH4{l]CH2CH20H, b.p, 154® (28 mm.), is obtained from 
p-cumyl-magnesium bromide, and trihydroxy-methylene (Bert, Bull. 37, 1397). 

Benzyl-methyl carbinol, C 6 H 5 CH 2 CH(OH)CH 3 , d,l-form, b.p. 215®; l-form, 
«d 4 « —32.18®; d-form, b.a. 125® (25 mm.), +33.02®; acetic ester of the d- 

form, b.p. 115® (10 mm.), +7.13®, hydrolyses into the unchanged carbinol, 

and esters with other carboxylic acids behave in the same way. On the other 
hand, the p-toluene-sulphonic ester of the d-form, m.p. 94®, +31.11® in 

benzene, gives with potassium acetate, the acetic ester of the Z-form, aun —7.06®, 
hydrolysing to the Z-carbinol. It is inferred that on hydrolysis of the carboxylic 
esters, the carboxyl and alkoxyl groups separate, but on hydrolysis of alk^l sul- 
phonates the anionic ^oup, RSOa, leaves the alkyl carbon, with a Walden inver¬ 
sion at the asymmetric alk^ carbon (Kenyon, J. 105, 2262; Phillips, J. 123, 44). 

Phenyl-ethyl carbinol, PhCH(OH)CfH 5 , b.p. 221®, has been resolved by 
Pickard and Kenyon, J. 99, 45. This alcohol, and phenyl-propyl, phenyl-iso¬ 
propyl, phenyl-isobutyl, and phenyl-isoamyl carbinols, b.p. 114® (10 mm.), b.p. 
113® (15 mm.), (m.p. 16®), b.p. 122® (6 mm.), and b.p. 132® (8 mm.), resj^c- 
tively, are prepared from benzaldehyde and the respective alkyl-magnesium 
iodides (C. 1910, II, 623) (method 95). Phenyl-tert.-amyl carbinol, b.p. 125® 
(12 mm.), is obtained from the ketone (p. 284) by reduction (Favorski, Russ. 5, 
1679). ^-Phenyl-isobutyl-methyl carbinol, (CH 3)2 C 6 H 5 C-CH 2 CH(OH)CH 2 , 
b.p. 132-133® (17 mm.), is obtained from the ketone (Hoffman, Am. 51, 2542). 
Phenyl-dimethyl carbinol, C 6 H 6 C(OH)(CH 3 ) 2 , m.p. 23®, b.p. 94® (10 mm.), is 
obtained by the action of acetone on phenyl magnesium bromide, or by the action 
of magnesium methyl iodide on acetophenone, or methyl benzoate. Phcnyl- 
methyl-butyl carbinol, (CH 3 )(C 4 H 2 )(C 6 Hj)C*-OH, b.p. 129-130® (12 mm.), is 
obtained by the action of butyl magnesium bromide on acetophenone (Conant, 
Am. 54, 4048). Phenyl-methyl-n-nonyl carbinol, (CH 8 )(C#Hi 9 )(CflH 8 )C*OH, 
b.p. 200-203® (14 mm.), is obtained from methyl-nonyl ketone and phenyl mag¬ 
nesium bromide. It is a viscous oil with a smell of nasturtium leaves (Ar. Pharm. 
263, 264), Benzyl-dimethyl carbinol, CJB[ 6 *CH 2 -C(OH)(CHi) 2 , m.p. 24®. b.p. 
225®, has a lilac odour. Other dialkyl-phenyl- and dialkyl-benzjd carbinol^ are 
described by Konovalov and Cona^it (Am. 54, 4048). 


Functional Derivaiives of Phenyl Paraffin Alcohols 


Halides. —^Benzyl chloride and bromide are produced by the action 
of chlorine or bromine on boiling toluene (p. 54) {Beilstein, Ann. 
143, 369). The reaction is accelerated by sunlight (C. 1898,1,1019). 
Nitrosyl chloride at 150° acts similarly (Quist, C.r. 198, 1424). 
Benzyl fluoride is obtained by thermal decomposition of trimethyl- 
benzyl-ammonium fluoride, and the chloride, bromide, and iodide 
are also obtained by the action of the hydrogen halides or benzyl 
alcohol. The chloride and bromide may be obtained from benzene 
and dichloro- or dibromo-methyl ether in the presence of zinc chlo¬ 
ride, and the iodide by the action of potassium iodide on the chloride 
{Rumpf, Ann. 224, 126). 


M.p. 


B.p. 


Benzyl fluoride, C^HsCHaF. —35® 

Benzyl chloride, CeH 5 CH 2 Cl. -39® 

Benzyl bromide, CeH^CHaBr. —3*9® 

Benzyl iodide, (J 6 H 6 CH 21 . 24® 


139*9® 

176® 1 powerful 
210® \ lachrymators. 

Dec. J 


Benzyl chloride, isomeric with the three chloro-toluenes, is an im¬ 
portant reagent, as numerous derivatives of benzyl alcohol can be 
prepared from it. Its chlorine atom is readily replaced. It gives 
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HOMOLOGOUS PHENYL-ALKYL CHLORIDES 


benzyl alcohol when boiled with water, and when heated with water 
and lead nitrate it gives benzaldehyde and benzoic acid: 

C^Hs-CHjOH 

CftILCHO -> CiHfiCOOH. 

HOMOLOGOUS PHENYL-ALKYL CHLORIDES. «-Chloro-ethyl-benzene. 

CjHjCHCl CHa, b.p. 194® {Fischer, Ber. 39, 2209; Blanc, Bull. 33, 313). jS- 
Chloro-ethyl-benzene, pheyiyUethyl chloride, b.p. 96® (23 mm.), is obtained by the 
action of hydrogen chloride on /3-phenyl-ethyl alcohol {Ferser, Ber. 62, 183). 
Phenyl-ethyl bromide, b.p. 77-80^ (3 mm.) {Horne, Shririer, Am. 55, 4652). 
Methyl-benzyl chloride, o-, w-, p-CHaCelLCHjCl, b.p. 198®, 195®, and 192®, 
respectively. Cuminyl chloride, C3H7[4]C6H4[1]CH2C1, b.p. 100® (14 mm.), is 
obtained from cumene, trihydroxy methylene, anhydrous zinc cfiloride, and 
hydrogen chloride gas {Blanc, Bull. 33, 313). a-Chloro-propyl-benzene, CeHs- 
CHC1CH2-CH8, and ^-chloro-propyl-benzene, CeHsCHoCHClCHs, boil about 
203-207®, losing hydrogen chloride and forming a-phenyl-propylene, Ph’CH;- 
CH-CHa, and ally 1-benzene, Ph CHsCHrCHa. w-Bromo-propyl-benzene, Ph- 
CII 2 • CH 2 • CHaBr, b.p. 109® (11 mm.) {Rupe, Ber. 43, 178). For w-chloro-alkyl- 
benzenes (oj-phenyl-alkyl chlorides) see Braun, Bor. 44, 2867, and Kokn Mo. 44, 
197. p-Bromo-benzyl chloride, m.p. 40®, is obtained from phenyl bromide, 
trihydroxymcthylcne and stannic chloride saturated with hydrogen chloride 
{Quelet, Bull. 41, 329). Nitro-benzyl halides (p. 261 ; Moureu, Bull. 29, 
1006: Poggi, Lincei [6], 2, 423) are used for identifying organic acids as their 
nitrooenzyl esters {Lyman Am. 39, 701). 

Ethers of benzyl alcohol are obtained from benzyl chloride by the action of 
sodium alkylates, or by electrolytic reduction of benzoic esters {Metller, Ber. 38, 
1752). Catalytic reduction may also be used {Senderens, C.r. 178, 1412). 
When the benzyl ethers are heated with caustic alkalis, they partly rearrange, 
giving carbinols, CeHiCHOH'Alk {Schorigin, Ber. 57, 1634). Benzyl-methyl 
ether, b.p. 168®, is also obtained by the action of phenyl magnesium bromide on 
monochloro-metnyl ether {Reychler, Bull. 1, 1195). Benzyl-chloromethyl ether, 
C«H6CH20CH2C1, b.p. 103® (13 mm.), is obtained from benzyl alcohol, formal¬ 
dehyde and hydrogen chloride {CarrS, C.r. 186, 1629). Mixed acetals of formal¬ 
dehyde with aliphatic and aryl-aliphatic residues, Aik -00112 •OCH 2 Ar, arc formiid 
by the interaction of chloromethyl alcohols, Alk-OCHzCl, and the sodium com¬ 
pounds of aromatic alcohols {Schimel, Ber. 1929, 201). Benzyl-ethyl ether, b.p. 
185®. Benzyl-monoglycol ether, C6HftCH20CH2CH20H, b.p. 132-135® (13 mm.) 
obtained by the action of sodium benzylate on glycol chlorhydrin, is an analgesic 
and anesthetic (U. S. Pat. 1,651,458). Me^ylene-dibenzyl ether, CH 2 (OCH 2 - 
CcHs)* {Arnhold, Ann. 240, 200). Benzyl arabinoside, CsHgOeCHiCeHs, m.p. 
172® {Fischer, Ber. 27, 2482). Benzyl-phenyl ether, m.p. 39®, b.p. 287®, is con¬ 
verted into 0 - and p-benzyl-phenol, and o,p-<libenzyl-phenol, when digested with 
zinc or copper at 250® {Behaghel, Ber. 67. 1368), For benzyl ethers of phenols 
and the isomeric o-benzy 1-phenols, see Claisen, Ann. 442, 237. Benzyl ether, 
(C6H6CH2)20, b.p. 296®, dipole moment 1.38 D., is obtained by the action of sul- 

S huric acid or boric acid on benzyl alcohol {Lowe, Ann. 241, 374; Meisenheimer, 
ier. 41, 1421). Phenyl-ethyl-w-propyl ether, b.p. 225-227®, is obtained by re¬ 
duction of the di-7i-propyl acetal of phenylacetaldehyde {Sigmund, Mo. 48, 267). 

Esters of inorganic oidds ,—^Benzyl phosphates: the mono-phosphate melts at 
78®, the df-phosphate is a liquid, and the <n-phosphate melts at 64® {Lossen, 
Ann. 262, 211). Ben^l-sulphuric acid, CeH6CH20S08H, is formed, together 
with dibenzyl formal, CH 2 (OCH 2 CeH 5 ) 2 , by the action of methylene sulphate, 
S 04 :CH 2 j on benzyl alcohol {Delepine, C.r. 129, 831; Bull. [3], 21, 1059). 
Benzyl nitrite, C«H6CH20N0, b.p. 81® (35 mm.) is obtained by the action of 
nitrous acid on benzyl alcohol in aqueous solution {Baeyer, Ber. 34, 755). 

Carboxylic esters can be prepared by esterifying alcohols or chlorides directly, 
or by means of aluminium alkylates. Thus, a mixture of benzyl alcohol, methyl 
salicylate and aluminium benzylate yields benzyl salicylate. Esters of tne lower 
fatty acids have characteristic odours. 

mnsgrl acetate, PhCHfOCOCHa^ b.p. 216®, occurs in oil of jasmine. Benzyl 
valerate is used to counter convulsions {Kvbig, 0. 1924,1, 1691). Sodium reacts 
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in a curious manner with the benzyl esters of fatty acids, converting them into 
benzyl esters of higher phenyl-fatty acids (p. 293). Thus, benzyl acetate gives 
benzyl phenyl-propionate. Dibem^loxalate, (C 6 HfrCH 20 C 0 ) 2 , m.p, 80®. 

Benzyl chloroformate, C«H5CH20C0C1, obtained by the action of phosgene 
on benzyl alcohol, is used in the synthesis of peptides for the introduction of the 
C6H*CH20 • CO residue into the amino-group of amino-acids. The carbo-benzoxy 
residue is readily eliminated as toluene and carbon dioxide by mild catalytic hydro¬ 
genation, and the peptide linkage remains intact (Bergmann, Ber. 65, 1192), 

Sulphur Derivatives of Benzyl Alcohol 

These compounds are formed in an exactly similar manner to their 
aliphatic analogues. 

Benzyl hydrosulphide, benzyl mercaptan^ CeH 6 CH 2 SH, b.p. 194®^ dio 1.058, 
is a liquid with an odour of leeks {Mdrker, Ann. 140, 86). In addition to the 
usual methods, it can be obtained by acting upon benzyl chloride with sodium 
thiosulphate, when sodium benzyl-thiosulphate is produced, and decomposing the 
latter with sulphuric acid, when benzyl mercaptan and benzyl disulphide are 
formed (Fr. Pat. 667,551). 

Benzyl sulphide, (C«H 6 CH 2 ) 2 S, m.p. 49®, occurs also in a liquid modification 
(Hinsherg, Ber. 62, 127; 64, 2500). Benzyl disulphide, (C»H 6 CH 2 ) 2 S 2 , m.p. 71® 
{Hofmann^ Ber. 20, 15), is formed simply by exposing benzyl hydrosulphide to 
air {Mdrher, Ann. 136, 86) and can be prepared by electrolysis of sodium benzyl- 
hyposulphite, or treating it with iodine (Price, J. 91, 2021; 95, 1489). These 
compounds decompose on heating, forming stilbene, UsHsCHrCHCftHs, sulphur, 
and hydrogen sulphide as primary products; secondary reactions occur, giving 
rise to toluene, tetraphenyl-thiophcnc, and tetraphenyl-butane. Dibenzyl sul- 
phoxide and dibenzyl sulphone yield similar products (Fromm, Ber. 36, 534). 

Benzyl-dimethyl-sulphine iodide, CeHtCH 28 ( 0113 ) 2 !, is an orange coloured 
compound (Sclmllfr Ber, 7, 1274). Tribenzyl-sulphine chloride, (C^HjCID*- 
SCl. The double salt of this compound with ferric chloride occurs as light-green 
fiakes, m.p. 98®, and is obtained by the action of ferric chloride on an ether solu¬ 
tion of benzyl chloride and benzyl sulphide. Tribenzyl-sulphine iodide, m.p. 75® 
(Hofmann^ Ber. 40, 4932). 

Benzyl sulphoxide, (CflTT 5 CIl 2 ) 2 SO, m.p. 133®, Ls formed by oxidising ^benzyl 
sulphide or hydrosulphide with nitric acid or hydrogen peroxide (0/io, Ber. 13, 
1284). Benzyl sulphone, (C6H6Cn>)2S02, m.p. 150®, is obtained by oxidising 
benzyl sulphoxide with potassium permanganate in glacial acetic acid (OttOj loc, 
oil,). Benzyl disulphoxide, CeHsCHaSOSOClIoCellB, m.p. 108°, is obtained by 
the action of hydrogen peroxide on benzyl disulphide or hydrosulphide. Both 
sulphoxides are also found among the products of electrolytic oxidation of benzyl 
disulphide (Fichter, Ber. 43, 3422). 

Methyl- and ethyl-benzyl sulphones, m.p. 127® and 84°, respectively, aro 
obtained from sodium benzyl-sulphinate and methyl iodide and ethyl iodide, 
respectively. Benzyl-sulphinic acid, C»H5CH2S02H, produced by reducing benzyl 
sulphochloride, decomposes readily into benzaldehyde and sulphur dioxide (Froinmy 
Ber. 39, 3308, 3315). Benzyl-sulphonic acid, CeH 6 CH 2 S 03 H, a deliquescent 
crystalline substance, is isomeric with the toluene-sulphonic acids. Its potas¬ 
sium salt is obtained by boiling benzyl chloride with potassium sulphite. Chlo¬ 
ride, m.p. 92® (Otto, Ber. 13, 1289). Hydrazide, m.p. 131-132^ (decomp.); 
azide, m.p. 54® {Curtins^ J. pr. 102, 85). Nitro- and amino-benzyl-sulphonic 
acids, and benzyl hyposulphurous acid, CeHsCHoSSOaH, m.p. 74® (Purgoitif 
Gazz. 20, 24). 

Benzyl-xanihogenic methyl and ethyl esters, C 6 H 5 CH 2 CSS‘OAlk, m.p. 29® 
and b.p. 170-171® (14 mm.), respectively, are obtained from benzyl alcohol, 
sodium, and carbon disulphide, and alkylating with dialkyl sulphate (Nametkin, 
J. pr. 112, 164). 

METALLO-BENZYL COMPOUNDS. Lithium benzyl, OeHsCHsLi, has been 
prepared, in solution only, by the action of benzyl magnesium chloride on lithium- 
phenyl (Ziegler, Ann. 479, 178). 
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Nitrogen Derivativea of Phenyl Paraffin Alcohols 

PHENYL NITRO-PARAFFINS. When the homologues of benzene are heated 
with dilute nitric acid in sealed tubes, the nitro-groups usually enter the side- 
chains only, and phenyl nitro-paraffins are formed {Konovalov^ Ber. 28, 1850; 
29, 2199). Thus, toluene gives phenyl nitromethane, C«H6*CH2N02, an oil, b.p. 
142® (35 mm,). This can also bo prepared from nitro-benzylidene phthalide, or 
from benzyl halides, preferably the iodide, by the action of silver nitrite (Hanizsch, 
Ber. 29, 700), or by the action of mercurous nitrite on the chloride (Neogi, Z. 
anorg. Chem. 69, 270). It is most easily obtained from pheno-nitro-aceto- 
nitnle, CeHBCHCNOa)^^ by boiling with sodium hydroxide, or by the 

action of ethyl nitrate and potassium ethylate on phenylacetic ester, a reaction 
in which the carbethoxy group of the phenyl-nitro-acetate, C«H 6 CH(N 02 )- 
COOCbHb, first formed, is split off in the form of ethyl carbonate. Phenyl-nitro- 
methane is decomposed on heating with sodium hydroxide at 160®, oxides of 
nitrogen being liberated and stilbene formed {Wishcenus, Ber. 36, 1194; 38, 
502; 42, 1930). For its behaviour on distillation with steam, see Heim, Ber. 
43, 3417. 

Fhenyl-nitromethane dissolves in aqueous sodium hydroxide in the same way 
as the nitroparaffins (Vol. I, p. 178), with the formation of a sodium salt. The 
action of carbon dioxide or acetic acid on the sodium salt re-forms the phenyl- 
nitromethane as an oil, but if the solution of the sodium salt is precipitated by the 
addition of a mineral acid, a crystalline substance, m.p. 84°, is obtained. The 
latter is the isomeric oci-form of common phenyl nitromethane, and is distin¬ 
guished from it by giving a red colour wdth ferric chloride, and by being a con¬ 
ductor of electricity. It rapidly changes to the oily isomer both in solution and 
in the solid state. It probably has the structure which has already been put for¬ 
ward for the sodium salts of the nitroparaffins. In the (;ase of the aliphatic series, 
however, most of the corresponding free nitro-compounds are unknown: 

C,HbCH 2 -NC -> C|H,-CH—N-ONa-> C«H».CH—N OH. 

^ \o/ \o/ 

Similar stable and unstable forms of ring-homologues, and of substitution products 
of phenyl-nitromethane are known (Konovahv, Ber. 29, 2193; Hanizsch, Ber. 
29, 2251; HoUeman. Rec. 14, 121). 

When acid chlorides act upon the sodium salts of phenyl-uitromethanes, an 
internal molecular oxidation takes place, and acyl derivatives of benzhydroxamic 
acid are formed. Thus acet-hemhydroxamic acid, C6HbC(OCOCHs)NOH, is 
formed by the action of acetyl chloride on sodio-phenyl-nitromethane ( Thiele, 
Ann. 309, 189). For ammonium salts of phonyl-nitromethane, see Bamberger, 
Ber. 33, 1781. 

TOLYL-NITROMETHANES, see Wisliccnus, Ber. 38, 503; Komtvalov C. 1905, 
11,817, a>-Nitrodurene, (CH3)'}l2,4,5]C«H2lllCH2N02, m.p. 52°, isonitro-com¬ 
pound, m.p. 102-106°, is readily obtained by nitrating durono with benzoyl 
nitrate {WUlsiAtier, Ber. 42, 4154). 

Phenyl-methyl-nitromethanc, C8HBCH(CHa)N02, b.p. 115° (11 mm.), is ob¬ 
tained by oxidation of acetophenone-moiioxime with permonosulphuric acid. Its 
highly unstable aci-iorm, CeHsCfCHa) :NOOH, melts about 45° {Bamberger, 
Ber. 36, 706). o-, m-, p-Nitrophenyl-nitromethane, m.p. 72°, 94°, 91°, respec¬ 
tively. 

PHENYL PARAFFIN AMINES, BENZYLAMINES. . {1) Mono-, 
di- and tri-benzylamines are formed by the action of alcoholic ammonia 
on benzyl chloride (JAehig, Ber. 23, 25)71; Duhomtne, C.r. 193, 636). 
This method, together with most of the others available for the 
preparation of benzylamine have been described in the section on 
primary alkylamines. Benzylamine is obtained: {S) by the reduc¬ 
tion of phenyl-nitromethane, benzaldoxime, and benzylidene-phenyl- 
hydrazone {Tafd, Ber. 19, 1928; 35, 1513; Pool, Ber. 42, 1659); 
(S) and (4) by heating benzaJdehyde with ammonium formate or 
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forrnamide (Ldnckardtj Ber. 19,2128; 20,184; WaUdch, Ann. 343 , 54). 
Di- and tri-benzylamine are also produced in this reaction; by the 
reduction of (6) benzonitrile (PoaZ, Ber. 42, 1554; Fr. Pat. 638,550), 
(6) of benzothiamide {Bamberger^ Ber. 21, 51) and (7) benzamide 
(Ger. Pat. 396,453); by hydrolysis of (8) benzyl isocyanate, CeH^- 
CH 2 NCO (Sirakosch, Ber. S, 682), and (9) benzyl-acetamide, CeHs- 
CH 2 CHCOCH 8 (Ber. 59, 2663); (10) by distillation of phenyl- 
aminoacetic acid, CfiHBCH(NH 2 )COOH (Tiemann, Ber. 14 , 1969); 
(11) from phenyl-acetamide by the action of bromine and caustic 
soda; and (12) by the action of monochloroamine on benzyl mag¬ 
nesium cliloride (Coleman j Am. 50, 1193). 

Benzylamine, C 6 H 6 CH 2 NH 2 , b.p. 184®, a liquid, freely soluble in 
water, is a much stronger base than the toluidines, with which it is 
isomeric, and combines with carbon dioxide from the air. 

It is oxidised by peraionosulphuric acid to benzaldoxime, phenyl-nitromethane, 
benzhydroxamic acid, benzaldehyde, and benzoic acid (Bamberger, Ber. 34, 
2262). 

Methyl-benzylamine, b.p. 78® (14 mm.), is an oil. It occurs in the Chinese 
drug ma^hivang {Ephedra vulgaris). Its hydrochloride melts at 180.5® (Ling 
Chen, Am. Pharm., 20, 339). It is obtained from benzaldehyde and methylamine 
by hydrogenation. Diethyl-benzylamine is obtained in a similar manner using 
diethylamine. It boils at 94® (15 mm.) (Wecler, Ber. 69, 2071). 

Dibenzylamine, (C 6 H 8 CH 2 ) 2 NH, b.p. 186® (19 mm.), is obtained from benzal- 
azine, CaliaCHiN‘NrCHCeH#, by reduction with zinc dust and acetic acid. It 
is also formed, together with benzylamine, by reduction of benzonitrile; nitroso- 
dibenzy]amine, (C6T1$CH2)2NN0^ m.p. 61® {Curtius, Ber. 34, 557). Tribenzyl- 
amine, (C<iH 6 CH 2 ) 3 N, m.p. 92®, is obtained by the action of sodamide on benzyl 
chloride {Wegler, Ber, 69, 2071). 

HOMOLOGUES OF BENZYLAMINE are isomeric with the corresponding 
arylamines (p. 78), They are usually obtained by reducing nitriles with alcohol 
and sodium, and sometimes by electrolytic reduction of oximes or nitro-compounds 
or by other methods mentioned under benzylamine. 

/8-Phenyl-ethylamine, CeH 6 CH 2 CH 2 NH 2 , b.p. 19.7® {Bischler, Ber. 26, 1904). 

d,f-«-Phenyl-ethylamine, C«H 5 CH(NH,)CH,, b.p. 187® (/Cann, Ber. 27, 2306). 

7 -Phenyl-propylamine, CJIs *0112-0112 *0112^12, b.p. 221® {Senfter, Ber, 27, 
2309). 

/9-Phenyl-propylamine, C 2 H*CH(CHj) •CH 2 NH 2 , b.p. 210® {Freund, Ber. 26, 
2875). 

«.Phenyl-propylamine, C*H 5 CH(NH 2 ) CHj CH., b.p. 205®. 

/3-Phenyl-isopropylamine, CeHtCHi*011(1^112)0111, b.p. 203® {Edeleano, 
Ber. 20, 618). 

o-Tolubenzylamine, CHj[21CflH4[l]CH2*NH2, b.p. 205® {Bamberger, Ber. 23, 
1026 ; 33, 113). 

m-Toluben^lamine, CH8[3]CeH4[l]CH2*NH2, b.p. 205® {Curtins, J. pr. 
62,113). 

p-Tolubenzylamine, CH8[4]C6H4[1]CH2*NH2, b.p. 204® {Curtius. loc. cit,). 

w-Pseudocumylamine, (CHj)2CH[2,4]C«Hi[l]CH2NH2, m.p. 28.5^ (Curtius, 
loc. cit.), 

a-(p-Tolyl)-ethylamine, CH,[4]CJEI4[11CH(CH,)NH2, b.p. 207® {Kindler, 
Ber. 68, 2241). 

co-Mesitylamine, (CHi)2[3,5]C*H|[l]-CHtNHi, b.p.221® {Konovalov, 0. 1899, 
I, 1238). 

co-Durylamine (2 forms), (CH»)i[2,4,5IC«H2ri]CH2NHt, m.p. 52® and 64® 
{WiUstatter, Ber. 42, 4156; Kraemer, Ber. 24, 2409). 

Cuminylamine, (CH*)*CH(4]C6H4[1]CH2NH2, b.p. 1226® {Goldschmidt, Ber. 20, 
2414). 

Hemimellibenzylamine, (CHt)8(3,4,5]06H2[l]0H2NHt, m.p. 123® (Kroemer, 
Ber. 24, 2411). 
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a-Phenyl-ethylamine, C 6 H 6 CH(NH 2 )CH 8 , can be obtained from ethyl hydro- 
cinnamate by Curtins' method, the hydrazide being pr^ared, and this acted upon 
by sodium nitrite (Saha, Rep. Tsing Hua, 3, 626). It can also be obtained by 
electrolytic reduction of acetophenone oxime (Tafel, Ber. 35, 1616). It contains 
an asymmetric carbon atom, and has been resolved by means of the malate (Pope. 
Proc. 15, 200; Loven, J. pr. 72, 307). /3-Phenyl-ethylamine has been prepared 
by reducing a>-nitrostyrene, by condensing benzyl bromide with hexamethylene 
tetramine, and hydrolysing the product, and by the action of hot sodium 
hydroxide on hydrocinnarnyl-N-chloro-amide (Ger. Pat. 662,714). It is a local 
anaesthetic. For its action on the heart see Barbour, J. Pharm. Ther. 1915. 
For acyl-/8-phenyl-ethylamines see Decker, Ann. 395, 282. The isomeric phenyl- 
propylamines also increase blood pressure (Hartung, Am. 53, 1875; Alles, Am. 
54, 271). 

Benzyl-alkyl- and benzyl-ary 1-amines, and benzyl-alkyl-ammonium com¬ 
pounds are derived from the simple benzylamines. The benzyl-alkylamines, such 
as benzyl-ethylamine, C«H 6 CH 2 NIIC 2 H 5 , and c^-cuminyl-ethylamine, CaHTCeHi- 
CH 2 NHC 2 H 8 , are obtained from the corresponding bonzylidene-alkylamines (p. 
272) by reduction with sodium and ethyl alcohol, or by heating benzaldehyde with 
formates of organic bases {Schwahhauer, Ber. 35, 410; Wallach, Ann. 343, 64). 

/S-Phenylethyl-methylamine. C®H 6 CH 2 CH 2 NHCH 3 , b.p. 206®, is prepared by 
condensing phenylacetaldehyae and methylamine in the presence of sodium 
hydroxide, and reducing the condensation product with sodium and alcohol 
{Barger, J. 97, 2263). Dibenzyl-ethylene diamine, (C 6 H&CH 2 NH) 2 C 2 H 4 , b.p. 
222® (18 mm.)^ obtained from dibonzylidene-ethylene diamine, condenses with 
ethylene bromide to dihenzyl-piperazine, Phenylpropyl-methylamine, CsHs- 
CH 2 CH 2 CH 2 NHCHa, b.p. 134® (18 mm.), is obtained from cinnamylidene- 
methylamine, C 6 H 6 CH:CH;CH:NCH 3 , by reduction with sodium and alcohol 
{Schwabbamr, Ber. 35, 410). «-Phenylethyl-methylamine, C 6 H 5 (CH 3 )CH- 
NHCHs, b.p.87® (18mm.),and«-phenylpropyl-methylamin^bjp. 96® (20mm.), 
are formed by the interaction of benzylidene-methylamine, CflHiCHrNMe, ana 
methyl magnesium iodide or ethyl magnesium iodide, respectively {Busch, J. pr. 
77, 20). 

Benzyl-phenyl-allyl-methyl-ammonium iodide (C 6 H 6 CH 2 ) (CeHs) (C 1 H 5 ) (CHi) - 
NI, contains an asymmetric nitrogen atom, and has been resolved by means of 
camphor sulphonic acid {Wedekind, Ber. 32, 3561; Graebe, Ber. 34, 1778). 
Many other quaternary benzyl-ammonium compounds with four different radicals 
have also been resolved (p. 82). 

N-Benzyl-aniline, C 6 H 6 CH 2 NHC»H 6 , m.p. 36®, is obtained by the action of 
benzyl chloride or benzyl alcohol on aniline {Knoevenagel, J. pr. 89, 32 • Wilson, 
Org. Synth. 8, 38), or by reduction of benzylideno aniline, CgHsCHrNOflHs, with 
sodium and alcohol, or electrolytically {Brand, Ber. 42, 3460). When heated 
with s^hur, it forms thiobenzanilide at 220®, and benzyUamino-thiophenol, at 
260® {Wallach, Ann. 259, 300). Acid derivatives: Dibenzylaniline, (PhCH 2 ) 2 - 
NPh, m.p. 67® {Matzudaira, Ber. 20, 1611). C-Alkyl-benzylanilines, such as 
PhCH(Me)NHPh, are obtained by addition of alkyl magnesium halides to benzyl- 
idene aniline (p. 272): 

C.H,CH:NC.H, *?’°*^*^ Cai,CH(CH,) .N(MgI)C,H, —— > 

C,JI»CH(CHa)NHC,H,. 

When the hydrochlorides of these bases are heated at 220® with aniline hydro¬ 
chloride, they undergo an atomic migration, similar to the Hofmann rearrange¬ 
ment (p. 73), C-alkyl-p-amino-diphenylmethanes being formed, e,g., 

C8H6CH(CH,)NHC6H*-> NH*C*H4CH(CH,)C«H». 

C-Methyl, -ethyl-, -propyl-, and amyl’-benzyl-aniline, b.p. 183® (20 mm.), 
192®, 200®, and 215® {Busch 38, 1761). 

Benzyl-oxethylamine, Ph'CHj'NH-CHi'CHfOH, picrate m^ 136®, is formed 

yO -CHl 

by the rupture of the phenyl-oxazoline ring, I , (Vol. IV) by 

* —CH2 

sodium and alcohol {Gabriel, Ber. 29, 2382). 
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The following representatives of the numerous class of benzylated acid amides 
and benzylated nitrogen derivatives of carbonic acid may be mentioned: Benzyl- 
acetamide, PhCH 2 NHCOCH^ m.p. 60® (AmseL Ber. 19, 12^). Its nitroso- 
derivative, PhCH 2 N (NO)COCHs, is decomposed W alcohols with elimination of 
nitrogen, and formation of hemyl-alkyl ethers (p. 264), This decomposition, which 
recalls tne diazonium compounds (p. 122), is also shown by other nitroso-acid 
derivatives of benzylamine (Pechmann, Ber. 31, 2640; Poa/, Ber. 32, 78). Di¬ 
benzyl-urea chloride, (PhCH 2 )*NCOCl, is an oil (Hammerichf Ber. 25, 1819). 
Benzyl-urethane, PhCH 2 NHCOOC 2 H 6 , m.p. 44®. Benzyl-urea, PhCH 2 NH- 
CONH 2 , m.p. 147®. Sym- and as-dibenzyl-urea, melt at 167® and 124®. 
respectively {Schiff. Ber. 9, 81). Tri- and tetra-benzyl-urea melt at 119® ana 
86’^, respectively (Hammerich, Ber. 25, 1826). Benzyl-thiourea, m.p. 164® 
{Salkowski Ber. 24, 2727: Hecht Ber. 25, 817). Dibenzyl-guanidin^ (PhCHf- 
NH) 2 C:NHj m.p. 100® {Strakoscn, Ber. 5, 695). Benzyl-isocyanate, PhCHiN:- 
CO, is a liquid with a penetrating odour {Hadley, Am. 34,923). Benzyl cyanurate 
m.p. 157®. Benzyl-mustard oil, PhCH 2 N:CS, b.p. 243®, is the chief in^edient 
of the essential oils of various cresses, where it is present as a glucoside (Backer, 
Rec. 54, 57). Homologous mustard oils have been obtained by a somewhat tedi¬ 
ous method from dithiocarbamates, which, on treatment with iodine, give thiuram 
disulphides. These, when treated with sodium ethylate and iodine, give cyclic 
disulphides {Braun, Ber. 45, 2188; Schneider, Ber. 47, 1248, 2218). Phenyl- 
ethyl-mustard oil, b.p. 141-144® (11 mm.), occurs in water-cress oil, mignonette 
root oil, and other oils, and possibly in the oil extracted from mignonette flowers 
(Schimmers Berichte 1929, 121). Benzyl-thiohydantoin, 


Cells CHj-CH—Mv 

m.p. 185®, is obtained by reduction of benzylidene-thiohydantoin {Johnson, J. 
Biol. Ch. 12, 205). Phenyl-propyl-mustard oil, b.p. 163-166®, occurs in minute 
quantities in horse-radish oil {lieiduschka, J. pr. 132, 201). 

BENZYL-HYDRAZINES. Benzyl-hydrazine, PhCHaNH NHz, b.p. 103® 
(41 mm.), is obtained by the action of acids on the benzylidene compound PhCH 2 - 
NII*N:CHPh, which is itself the product of partial reduction of benzylidene- 
azine (p. 273) with sodium amalgam and alcohol. Benzyl-hydrazine gives a very 
stable nitroso-compound, PhCH 2 CIl 2 N(NO)NH 2 , m.p. 71°, with nitrous acid 
{Wohl, Ber. 33, 2736). Phenyl-ethyl-hydrazine, PhCH 2 CH 2 NHNH 2 , b.p. 137- 
139® (12-13 mm.), is obtained by the action of hydrazine on phenyl-ethyl chloride 
( Votocek, Tehee. 4, 274). 

sym-Dibenzyl-hydrazine, PhCH 2 NHNHCH 2 Ph, m.p. 65®, is obtained by re¬ 
ducing benzylidine-azine (p. 273) more vigorously wuth sodium and alcohol. 
This reaction can be partially reversed by oxidising agents {Curtins, Ber. 28, 
2345; J.pr. 58,369). 

as-Dibenzyl-hvdrazine, (PhCn 2 ) 2 N*NH 2 , m.p. 65®, is produced by the action 
of hydrazine hydrate on benzyl chloride, or by reduction of dibenzyl-nitrosamine 
(p. 257), with zinc dust and acetic acid. It is oxidised by mercuric oxide to a 
tetrazene, m.p. 97®, but under other reaction conditions, dibenzyl, PhCHa*- 
CH 2 Ph, seems to be formed, nitrogen being evolved {Busch, Ber. 33, 2701; 
Curtius, Ber. 34, 562). 

sym-Benzyl-phenyl-hydrazine, PhCH 2 NHNHPh, m.p. 35®, b.p. about 290®, is 
obtained by reducing benzylidene-phenylhydrazone with sodium amalgam in 
alkaline solution. In air it readily reverts to the phenylhydrazone {Schlenk, J. 
pr. 78, 49). os-Benzyl-phenvl-hydrazine, PhCH 2 N(Ph)NH 2 , m.p. 26®, is ob¬ 
tained by the action of pnenyl-hyarazine on benzyl chloride. It is used with ad¬ 
vantage for isolating sugars as hydrazones {Ruff, Ber. 32, 3234; Ofner, Mo. 25, 
593). On oxidation it is converted into dibenzyl-diphenyl-tetrazene, PhCH 2 - 
(Ph)N-N:N«N(Ph)CH 2 Ph, m.p. 145®, and this, when heated in xylene, is de¬ 
composed into nitrogen and sy/n-dibenzyl-diphenyl-hydrazine, PhCH 2 (Ph)N*N- 
(Ph)CH 2 Ph, b.p. 181® (11 mm.) {Franzen, Ber. 39, 2566). 

BENZYL-DIAZO COMPOUNDS, BENZYL TRIAZINES, AND BENZYL 
AZIDES. Benzyl-potassium diazotate, PhCHtN:NOK(?), is obtained by the 
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action of very concentrated aqueous caustic potash on nitroso-ben^l urethane, 
PhCHiN(NO)COOC 2 Hj. It is a white crystalline powder, decomposing into caus¬ 
tic potash and phenyl-diazomethane, PhCHN 2 , on simi)ly moistening with water. 
The latter, a reddish-brown oil, breaks down on distillation into nitrogen and 
stilbene, PhCHiCHPh, on heating with water, into nitrogen and benzyl alcohol, 
with alcohol into nitrogen and benzyl ether, and with hydrochloric acid into 
nitrogen and benzyl chloride (Hantzach, Ber. 35, 903; (/. diazomethane, Vol. I, 
p> 251) • 

Sodium benzyl-isodiazotate, PhCHjNtNONa, forms colourless needles. It is 
produced by the action of ethyl nitrite and sodium mcthoxide on os-nitroso- 
oenzylhydrazine, nitrous oxide being g^ven off. It is completely different from 
normal sodium oenzyldiazotate. It dissolves unchanged in cold water, but on 
heating, or with dilute acids, it decomposes into nitrogen and benzyl alcohol. 
When reduced it gives benzyl-hydrazin^ and on oxidation beuzyl-nitramine, 
PhCH 2 NHNOa, m.p. 39®, is formed. The a(;tion of aluminium and sodium 
hydroxide on the latter re-forms the isodiazotate {Thiele^ Ann. 376, 255). 

Benzyl-methyl-triazene, PhCH 2 N:N*NHCIIs, is a colourless oil, as unstable 
as the aliphatic diazo-compounds (Vol. I, p. 204), and decomposed even by car¬ 
bon dioxide. It is obtained by the action of magnesium methyl iodide on benzyl 
azide (see below). Cuprous salt, m.p. 114°, pale-yellow grains; silver salt, m.p. 
125®, colourless needles (Hanizsch, Ber. 28, 684). 

Benzyl-phenyl-triazene, PhCHjNH N.NPh, or PhCHjNiN-NHPh, m.p. 
75°, colourless leaflets, is obtained by acting on benzyl azide with ethyl magnesium 
bromide, or phenyl azide (p. 132) with benzyl magnesium chloride. It decomposes 
when acted upon by dilute hydrochloric acid into benzyl chloride, aniline hydro¬ 
chloride, and nitrogen (Dmroth^ Ber. 38, 682). 

Ben^l azid^ PhCH 2 Nj, b.p. 74° (11 mm.), is obtained from benzyl-nitroso- 
hydrazine, PhCH 2 N(NH 2 )(NO), (see above), by boiling with dilute sulphuric 
acid, by the action of sodium azide on benzyl chloride, and by the action of silver 
azide on benzyl iodide. It is a^ very stable ester of hydrazoic acid, although 
moderately concentrated sulphuric acid decomposes it with liberation of nitrogen 
and the formation of (f) benzaldehyde and ammonia; (S) aniline and formalde¬ 
hyde; (8) benzylamine and nitrous oxide (7), and (4) benzyl alcohol and hydrazoic 
acid (Curiius, J. pr. 63, 428; Ber. 35, 2229; Ber. 55, 1565). 

BENZYL-HYDROX^AMINES. a-Benzyl-hydroxylkmine, PhCH* • ONHa, 
b.p. 123° (50 mm.), is best obtained by hydrolysing benzyl-acctonoxime, PhC- 
H20 N:C(CHj)2 , with hydrochloric acid. a-p-Chloro-benzyl-hydroxylamine, 
m.p. 38°. b.p. 128° (17 mm.), and a-p-bromo-benzyl-hydroxylamine, m.p. 37°, 
b.p. 133° (10 mm.), are prepared in a similar way. a-Benzyl-hydroxylamine, 
when heated in a sealed tube, partly breaks down into ammonia, water, and 
henzaldoxime-henzyUeiher 274). With thionyl chloride, SOCb, it gives thionyU 
benzyl-hydroxylamine, PhCH20N:SO, b.p. 154° (50 mm.), and with carbonyl 
chloride it gives dibenzyl-oxyurea, (PhCH20NH)2C0, m .p. 88°. With formimino- 
ether hydrochloride, dibenzyUformhydroxamoxirne, PhCH 20 NH*CH:N 0 CH 2 Ph, 
m.p. 42°, is formed (Michaelia, Ber. 26, 2155; Schroeter Ber, 33, 1975). With 
benzyl chloride, it gives a,/?-dibenzyl-^droxylamine, PhCH 20 -NHCIl 2 ph, a 
liquid, and tribenzyl-hydrozylamine, PhCrH 20 N(CH 2 Ph) 2 , also a liquid. 

/9-Benzyl-hydro]qrlamine, PhCH 2 *NHOH, m.p. 57°, is formed when 
dibenzyl-hydroxylamine is acted upon with hydrochloric acid. With benzyl 
chloride it gives /3,i3-dibenzyl-hydrozylamine, (PhCH 2 ) 2 NOH, m.p. 123° {Lind- 
ner^ Ann. 275, 133). It edmbines with aldehydes to form N-benzyl-aldoximes 
(p. 274). With oxidising agents, such as bromine water or chromic acid, it gives 
chiefly bis-nitrosohenzyl, (PhCH 2 NO) 2 , in addition to benzaldoxime, and other 
products. 6is-Nitrosobenzyl is converted into benzylidene-benzoyl-hydrazine 
and its decomposition products by hydrochloric acid: (PhCH 2 NO )2 PhCH:- 
N*NHCOPh + H 2 O. In air, /S-bcnzyl-hydroxylamine oxidises chiefly to ben¬ 
zaldoxime {Bamberger^ Ber. 33, 3193; Behrena^ Ann. 323. 265). When /3- 
benzyl-hydroxylaraine is heated with formic acid, jU-benzyl-formohydroxamic 
acid, PhCHtN (OH) • CHO, m.p. 49-50°, is produced. /8-Dibenzyl-hydroxylamine 
gives N-benzyl-benzaldoxime (p. 274) on oxidation. Di-substituted benzyl- 
nydroxylamines, Ar»CH 2 N(OH)Alk, or (Ar) 2 CHN(OHlAlk, are formed when 
N-alkyl-ethers of oximes (“nitrones"), Ar’CH:N(:0)Alk and (Ar)2C:N(:0)- 
Alk, respectively, are reduced catalytically. Benzyl-phenyl-hydroiylamine, 
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PhCHaN(OH)Ph, nup. about 85°, is obtained from phenyl-N-pheiiyl nitrone 
(Cusmano^ Gaz^^ ^^6). 

substituted benzyl alcohols have been obtained from substituted 
benzyl chlorides by boiling with aqueous potash or potassium carbonate (86der- 
haum, Ber. 25. 3290), or from their acetates, or by the electrolytic reduction 
of suDstituted benzoic acids. Some of them have been obtained from the corre¬ 
sponding aldehydes by the action of alcoholic potash, e.g,, m-nitrobenzyl alcohol. 


Compound 

ortho- 

meta- 

para- 

Chlorobenzyl alcohol 


b.p. 

234° 

m.p. 

75° 

Chlorobenzyl bromide 

b.p. 120° (10 mm.) 



m.p. 

48-5° 

Bromobenzyl alcohol 


b.p. 

252-253° 

m.p. 

77° 

Bromobenzyl bromide 


m.p 

41° 

m.p. 

61° 

lodobenzyl alcohol 


b.p. 

154° (10 mm.) 

m.p. 

72° 

Nitrobenzyl alcohol 

m.p. 74° 

m.p, 

.27° 

m.p. 

93° 

Nitrobenzyl chloride 


m.p. 

.46° 

m.p. 

72° 

Nitrobenzyl bromide 

m.p. 46° 

m.p. 

. 58° 

m.p. 

99° 


o-Nitrobenzyl alcohol has also been obtained by electrolytic oxidation of o- 
nitrotoluene {iLemoult^ C.r., 132, 885); and p-nitrobenzyl alcohol has hoan ob¬ 
tained by oxidation of p-nitrotoluene with manganese dioxide and sulphuric acid 
(Ger. Pat. 212,949). Zinc dust and aqueous ammonium chloride reduce o-nitro- 
benzyl alcohol to o-hydroxyl-aminobenzyl alcohol, HONHpJCeHiCHaOH, m.p. 
104°. When the latter is oxidised with chromic acid, it gives o-azozybenzyl alco¬ 
hol, 0N2((‘«H4CH20H)2, m.p. 123°, but with permonosulphuric acid or ferric 
chloride it gives o-nitrosobenzyl alcohol, ON[2]U«H4CH*OH, m.p. 101°. When 
this is boiled with water, it loses water, and gives ardhranil {Bamberger^ Ber. 36, 
836). It is the intermediate link in the production of anthranilic acid by heating 
o-nitrotoluene with aqueous alkali (p. 63). 

p-Nitrophenyl-ethyl alcohol, m.p. 64°, is obtained by the action of nitrous acid 
on p-nitrophenyl-ethylamine hydrochloride {Ehrlich^ Ber, 45, 2428). 1,2,4,5- 

Trinitrophenyl-ethyl alcohol, m.p. 112°, is obtained by the action of 40% formal¬ 
dehyde on 1,2,4,6-trinitro-toluene, in the presence of sodium hydroxide and potas¬ 
sium carbonate {Vender^ Gazz. 45, II. 97). m-Azoxybenzyl alcohol, m.p. 86°, 
is obtained by heating w-nitrobenzaldehdyde with sodium arsenite {Kranlz, 
Am. Pharm. 19, 461). p-Azoxybenzyl alcohol, m.p. 222-223°, is obtained by 
reduction of p-nitrobenzyl alcohol with zinc and ammonium chloride in alcoholic 
solution. Tne o-isomer is obtained similarly (Curnming^ J. Glasgow, 1932). 
m-Azobenzyl alcohol, N2(C«H4CH20H)t, orange-yellow needles, m.p. 117°, is 
obtained by the action of zinc dust and sodium hydroxide on r/i-nitrobenzaldehvdc. 
o-Hydrazobenzyl alcohol, H2N2(C«H4CH20H)2, a white powder, m.p. 104^, is 
obtained by a similar method from o-nitrobenzaldehyde (Sen. Inaian. J. 9. 403). 

Aminobenzyl alcohols are formed by the reduction of nitroDenzyl alcohols, and 
by the electrolytic reduction of nitro- and amino-benzoic acids in acid solution. 

xCH2)\ 

p-Aminobenzyl alcohol, m.p. 64°, passes into its anhydro-form 


/ yCH2)\ 


when treated with acids. This compound, and a number of its derivatives, have 
also been obtained by the direct action of formaldehyde on the corresponding ani¬ 
lines in the presence of acids (Goldschmidt^ Chem. Z. 24, 284; Ijob, Ber. 31, 2037; 
Meyer^ Ber. 33, 250 ; 35, 739). p-Aminophenyl-ethyl alcohol, m.p. 171°, is 
obtained by the action of tin and hydrochloric acid on the p-nitro-compound 
(Ehrlich^ Ber. 45, 2438). 

p-Amino-benzylamine, NH 2 CsH 4 CH 2 NH^ b.p. 269°; p-<iceiylamino-N-chloro- 
acetyl-hemylamine, CH|C 0 NHC«H 4 CH 2 NHC 0 CH 2 C 1 , has been obtained by 
nuclear synthesis, viz., the condensationof acetanilide with methylol-chloroaoet- 
amide, CH 2 C 1 C 0 NH*CH 20 H, under the action of concentrated sulphuric acid. 
Boiling hydrochloric acid removes the acetyl and chloroacetyl groups (Einhom, 
Ann. 343, 299). 
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p-Amino-benzylaniline, NH 2 C#H 4 CHjNHPh, a viscous oil, obtained by the 
action of anhydro-formaldelwde-aniline on aniline (p. 84), readily changes to 
diamino-diphenyl-methane (uer. Pats. 84,934 and 108,064), p-Nitrobenzylamine 
see PoaZ, Ber. 30, 61. 

m-Aminobenzyl alcohol, NH2[3]C8H4[1]CH20H, m.p. 92®, is obtained by 
electrolytic reduction of m-nitrobenzoic acid (Afettler, Ber. 38, 1751). o-Amino- 
benzyl-alcohol, NH 2 [ 2 ]C«H 4 CH 20 H, m.p. 82®, b.p. 160° (10 mm.), is formed by 
the reduction of o-nitrobenzyl alcohol (p. 261), or from anthranil (p. 278) 
by reduction with zinc dust and hydrochloric acid, or sodium sulphide (Reissert^ 
Ber. 61, 2555). It is also obtained by reduction of ethyl anthranilate with sodium 
amalgam in acid solution (Langguth^ Ber. 38, 2062), or by electrolytic reduction of 
c-nitrobenzoic, or anthranilic acid (Mettler^ loc, cii.). The best yield (88%) is 
obtained by reducing o-riitrobenzyl alcohol with sodium hydrosulphite (Reissertf 
Ber. 61, 2555). 

0-Acetyl-o-aminobenzyl alcohol, NH 2 C 6 H 4 CH 2 OCOCH 8 , is an oil with a smell 
resembling that of aniline, obtained by reducing o-nitrobenzyl acetate. Its 
hydrochloride melts at 116°. The free base is unstable, and changes on standing, 
and more rapidly on heating, to the crystalline N-acetate^ CH3CONHC6H4CH2OH, 
m.p. 116°. Cold hydrobromic acid converts the latter into n-7nethyl-henzometox- 
azine hydrohromide (see below). This takes up water on standing in aqueous solu¬ 
tion, and decomposes to give 0-acetyl-o-aminobenzyl alcohol {AuwerSf Ber. 37, 
2249). 

Formation of heterocyclic compounds from derivatives of o-aminohenzyl alcohol 
(see Vol. IV).'—Like the o-diainines (p. 106). o-annnophenols (p. 205), and o- 
arninothiovhenols (p. 214), many derivatives of o-aminobenzyl alcohol, and some 
of o-nitronenzyl alcohol (which give o-aminobenzyl alcohol on reduction) are 
able to form heterocyclic compounds. Heterocyclic compounds have been ob¬ 
tained, for example, from the following derivatives of these two alcohols: 

o-Aminobenzyl alcohol combines with nitroso-benzene to form benzene -azo- 
o-benzyl alcohol, PhN:NC6H4CH20H, m.p. 78®, and this, when heated with 
sulphuric acid, gives phenyl-indazole (f below) (Bamberger^ Ber. 44,1967). When 
boiled with car Don disulphide in alcoholic solution, o-aminobenzyl alcohol gives 
thiocumazone^ or, in presence of alkali, thiocunio-thiazone (3 below). Similar rings 
have been obtained from urea derivatives of o-aminobenzyl alcohol {Paal, Ber. 
27, 1866, 2413, 2437). 

o-Nitrobenzyl thiocyanate, N02C8H4CH2S-CN, m.p. 75® {Cassirer Ber. 25, 
3028), gives o-benzylene-^-thiourea (4) on reduction; sulphuric acid converts 
it into o-nitrobenzyl-carbamine-thiolic ester, N 02 CflH 4 CH 2 SCONH 2 , m.p. 116®. 
This is hydrolysed by hydrochloric acid to o-nitrohenzyl-mercaptan, N02t2]C6H4- 
[IICH 2 SH, mj). 43°: both these compounds give benzisothiazole (5) on reduc¬ 
tion {Gabriel^ Ber. 28, 1027; 29, 160; 31, 2185). 

o-Aminobenzyl chloride hydrochloride, HCLNH 2 CeH 4 CH 2 Cl, is formed by the 
action of concentrated hydrochloric acid on o-aminobenzyl alcohol. This salt is 
converted into poly-o-henzylene itnide, (CtHtN)* by the action of caustic potash 
{Lellmann, Ber. 19, 1611; Thiele, Ber. 28, 918); into n-methyl-benzometoxazine 
(6) by acetic anhydride; into n-methyl-benzometathiazine (7) by thioacetamide; 
and into o-benzylene-^-thiourea {4) by thiourea {Gabriel, Ber. 27,3515; 28,1039): 


>CHiOH 

^N:NCai, 


-HiO 


CH 


Phenyl-indazole (f) 


cs* 




CH,OH 

NH, 


CSf.KOH 



Thiocumazone {$) 

Thiocumo-thiazone (S) 
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C,B^ 


CHiSCN 


►CHtCl thiocarbamide 

NHtHCl 

^CHfSH 2H 


or 

/CHr-S 

^‘^N==i-NH, 


o-Benzylene-^- 
tbiourea U) 


(CH«C0)*0 


thioacetamide 


✓CHv 

c^4> 

vCHf—O 

^^'®Kn==JcCH, 

yCHi-S 

C.H 4 < I 

\n==C.CH, 


Benzisothiazole (5) 

/i-Methyl-benzo- 
metoxazine (6) 

/i-Meth^l-benzometa- 
thiazme (7) 


CJi/ - — -^CcH/I > Benzisothiazole (5) 

^NO, 

/CH,C1 (CH.CO),0 /CHr-p M-Methyl-benz^ 

cjj/ —i-1-> CeH^ metoxazmo (6) 

^NHJHCl \n=CCH, 

/C1H.C1 thio.cet.mide „ „/CH^-S M-Methjrl-beMometa- 

CiHeC - > CeHZ I thiazme (7) 

^NHiBCl \N==CCH, 

Tbo anhydride of an o*benzyl alcohol sulphonic acid, or sulphobenzid^j 

.p. 113®, is obtained by the reduction of o-sulphobenzoyl 

chloride (p. 332), just as phthalide (p. 376) is obtained from phthalyl cWonde. 
It is also formed by reduction of the product of interaction of e-benzaldehyde 
sulphonic acid (p. 280) with phosphorus pentachloride {List, Ber. 31, 1666). 

o-Nitrobenzylamine, N02-C6H4CH2NH2, ^^^oao' 

imide, is a liquid. o-Nitrobenzyl formamide, N02C6H4CH2NircH0, m.p. 89 , 
gives dikydro-’Quinazoline (1 below) on reduction. For the reduction of other 
acyl compounds of o-nitrobenzyfamine, see Gabriel, Ber. 36. 806 ; 45, 713. 

o-Nitrobenzylaniline, N02C»H4CH2NHPh, m.p. 44 (Lellmann, mr. 19, 
1607). Alkali sulphides reduce o- and p-nitrobenzylanilines to amino-l^nzjai- 
dene-anilines (Ger. Pat. 99,642). o-Nitrobenzyl-phcnyl-nitrosamine, 
H 4 CH 2 N(NO)Ph, is reduced by tin and hydrochloric acid toN-p/icnyl-intoolc^) 
{Busch, Ber. 27, 2899). o-Amino-benzylamine, o-benzylene diamine, NH20«tl4- 
CH 2 NH 2 , crystallises in lancets. It is obtained from o-nitrobenzylamme. It 
condenses with aldehydes. Thus, with benzaldehyde it gives phenyl^ieirahydro^ 
quinazoline (5). With phosgene it gives ietrahydro-quinazolone {4), and with 
carbon disulphide, tetrahydro''thioquinazolone {5) {Busch, J. pr. 51, 113)» o~ 
Amino-benzylaniline, NH 2 C 6 H 4 CH 2 NHPh, m.p. 86®, gives 2-phenyl-dihydro^ 
1,2-phenotriazine {6), with nitrous acid {Busch, Ber. 25, 448). 

For homologues or o-aminobenzylaniline see Ger. Pat. 105,797. Nitro- and 
amino-derivatives of /3-phenyl-ethyl alcohol, see Sahetay, Ber. 49, 3. 

/CHj—NHCHO IT xCHr-NH . 

C«H 4 <: -> C 6 H 4 < Dihydro-quinazoline {1) 

\n=CH 


CHj—NHCHO IT y 

-> C6H4< 

NOj ^ 

€H,N(N0)C.H5 sn + HCi „ 


N=CH 


Dihydro-quinazoline (I) 


C«HiCUO 


nn 


H.NH, 


/CH,-- 

«Il 4 < 

^NH- 

/CHr- 

!6H4< 


N-Phenyl-indazole (ft 


CHCeHs 

-NH 


CO 

yCH*—NH 

C4H4< I 

\nh~cs 


C-Phenyl-tetrahvdro- 
^ quinazoline (S) 

Tetrahydro-quinazolo^^ 




CHJJTHC.H, 




I Tetrahydro-thioquin- 

CS azolone (5) 

NCfHi 2-Phenyl-dihydro-l,2- 
I pbenotriazine {6) 
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2 . Aromatic Mono-aldehydes 

The aromatic mono-aldehydes are the primary oxidation products 
of the aromatic monohydric alcohols. They resemble the aliphatic 
aldehydes in all reactions due to the CHO group. 

Methods of formation. — 1. By the oxidation of primary mono¬ 
hydric alcohols, la. By a double decomposition which takes place 
when an alcohol is heated with an aldehyde in the presence of a 
metallic alkylate (see p. 250). Thus: cinnamic aldehyde and benzyl 
alcohol give benzaldeliyde and cinnamyl alcohol (Ponndorf, Angew. 
39, 138), lb. By catalytic oxidation of acids by means of finely 
divided silver (Moureu, C.r. 170, 258). Ic. Oxidation of chlorides 
of the type Ar-011201 with alkali dichroinate and alkali hydroxide 
or carbonate: 3ArCH2Cl + Na 2 Cr 207 + NaOH = 3ArCHO + 
3NaCl + Cr 203 + 2 H 2 O (Ger. Pat. 347,583). Id. The action of 
aralkylamines on nitro-haiogen-benzenes, which contain a reactive 
halogen atom, converting the aryl-methyl-amino-compounds ob¬ 
tained into azomethines, and hydrolysing the latter by means of 
mineral acids, thus giving aldehydes (Ger. Pat. 482,837). 

S. Aromatic acids are reduced to aldehydes by: 2a. distilling their calcium or 
barium salts with calcium or barium formate; 2h. heating their vapours in an 
atmosphere of carbon dioxide with a hydrogenation catalyst (Br. Pat. 267,925); 
2c. reducing their chlorides in boiling benzene in the presence of certain catalysts, 
such as Pd/BaSOi, Ni, etc. (Hoaenmund^ Ber. 51, 585; 56, 1481; Sw. Pat. 92,- 
404), or by treating the chlorides with diazomethane, and acetic acid, reducing the 
product, and finally treating with lead tetra(?etate {Qrundrmnr^ Ann. 524, 31); 
2d. converting acid anilides into anil chlorides of the type Ar*CCl:NPh (p. 307), 
replacing the chlorine atom by hydrogen by treatment with stannous chloride in 
ether solution, and hydrolysing the aniline double salt which is produ(?ed {Sonn^ 
Ber. 52, 1927); 2e. reducing acid nitriles with stannous chloride and hydrochloric 
acid in ether; a double salt of the aldehyde imino is formed, and is hydrolysed, as 
in the last method, to the aldehyde; ArCN Ar CChNH —► Ar-CHiNlI —► 
Ar-CHO {Stephen, J. 127, 1874); 2f. heating aromatic dicarboxylic anhydrides 
with reducing gases in the presence of a catalyst (Ger. Pat. 526,482). 

S. Chloro-aldehydes, such as PhCHCU, are treated with water, 
preferably in the presence of sodium carbonate, lime, or lead oxide, 
or they are heated with anhydrous oxalic acid. 4- Benzaldehyde is 
produced industrially by oxidising benzyl chloride with lead nitrate 
in an atmosphere of carbon dioxide. 5. Hydrocarbons can be con¬ 
verted into aldehydes by means of chromyl chloride, CrOaCh. Addi¬ 
tion compounds of the type PhCH8(Cr02Cl2)2 are first formed. They 
are brown powders, which when acted upon by a trace of water 
decompose forming aldehydes (fitard^s reaction, Stuart, J. 53, 803; 
Sword, Chem. News, 133, 1; Bornemann, Ber. 17, 1462; Weiler, 
Ber. 32, 1050). 

When toluene and its substitution products are oxidised with chromic acid in 
the presence of acetic anhydride at 0®, orlho^ldehyde diacetates, such as NOj-C#- 
H 4 CH( 0 C 0 CH,) 2 , and C.H 4 [CH(OCOCH,) 2 l 2 , are obtained {R&ich, Bull. 19, 
287). Other reagents which will oxidise alkyl-benzenes to aromatic aldehydes 
in the cold are manganese dioxide and sulphuric acid, manganic sulphate, ceric 
oxide and sulphuric acid (Ger. Pats. 121,788, 174,238, and 175,295; Fournier, 
C.r. 133, 694). Copper sulphate and nickel sulphate are sometimes added in the 
oxidation of toluene with manganese dioxide and sulphuric acid to accelerate the 
reaction {jevdokimev, C. 1930,1, 820; Russ. Pat. 10,440). Alkyl-benzenes have 
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been oxidised electrolytically to aldehydes {haw, Chem. News, 72, 66; Mann, 
Am, Electrochem. Soc., 1925,47), or catalytically with oxidising gases in the pres¬ 
ence of molybdenum, uranium, or copper oxides (Sw. Pat. 8,884; Br. Pats. 
189.091 and 189,107), or by means of sodium hypochlorite in an autoclave at 150®, 
in the presence of iron compounds (Czech. Pat. 31,736). 

6, Olefine-benzenes are treated with ozone, which adds on at the double bond. 
Hydrolysis of the ozonide formed gives an aldehyde {Harries, Her. 37, 842; Ann 
343, 311; Klages, Bcr. 37, 2304; Sem/mler, Ber. 41,2751): 

PhCHjCHiCHCH,-► PhCH^CHO. 


7. Primary-secondarj” and primary-tertiary aromatic ethylene glycols, when 
heated v/ith dilute sulphuric acid, and the corresponding ethylene oxide when 
heated alone, give aldehydes {Fonrrisau, C.r. 141, 662; Strdmer, Ber. 39, 2288) : 


CelLCCIDCOIICHaOH 


CeH,(OH,)CHCHO <- C.U,{CIU) 




H, 


The secondary-tertiary phenyl-ethylene glycols give aldehydes with migration 
of the phenyl group: 


CeH4CH(OH)C(OH) (CHOa 


OCHC 




lodohydrins of some olefine-btmzenes give aldehydes when treated with silver 
nitrate or mercuric oxide {Tiffeneau, Ann. <;)iim. phys. [8), 10, 322; 16, 237): 


CJl5CH(OH)CHICH, 


OCHCH 


< 


JI* 

H, 


Here again, there is a migration of the phenyl group. 

8. Aldehydes are formed when phenyl-nitromethanes (p. 256) are reduceci, 
and when /3-benzyl-hydroxylaminos are oxidized. Oximes of the aromatic alde¬ 
hydes are first formed, and the aldehydes themselves are produced by hydrolysis 
of the oximes {Pinnow, Ber. 32, 898). 

9a. The aldehydes are obtained synthetically by the action of 
carbon monoxide and hydrogen chloride, preferably under pressure, 
on aromatic hydrocarbons. The presence of sulphuric acid, cuprous 
chloride, nickel chloride, other anhydrous metallic chlorides, and 
aluminium chloride or bromide is necessary: 

Cja, + CO + HCl - —> C,HiCHO 

CuiCli 

{Gatterntann, Ann. 347, 347; Korczynski„ Bull. 29, 459; Br. Pat. 334,009; 
man, Craig, Org. Synth. 12. 80). 

Instead of carbon monoxide and cuprous chloride, iron pentacarbonyl^ Fe(CO) j, 
which readily liberates carbon monoxide, may be used. The reaction is best 
carried out in nitrobenzene (Ger. Pat. 403,489), There are many modifications 
of this Gattermann synthesis, among which may be mentioned the action of 
formyl-substituted secondary amines, or formamide and aluminium chloride on 
benzene hydrocarbons (Ger. Pats. 514,415, 519,444, and 519,806). 

9h. When benzene and mercury fulminate, (C:NO) 2 Hg, are treated with 
hydrated aluminium chloride, benzaldoxime, PhCH:NOH, is formed. If an¬ 
hydrous aluminium chloride is used in this reaction, nitriles are chiefly formed 
{Scholl, Ber. 36, 322). 9c. Aldehydes are also obtaiiWKl by condensing hydro¬ 
carbons with formyl derivatives of secondary amines, e.g.. formyl-methyl-aniline, 
in the presence of aluminium chloride, etc. These condensation products yield 
aldehydes with water (Fr. Pat. 648,069; Ger. Pats, 514,415 and 510,444). 
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10a, Aromatic aldehydes are formed by the action of aryl*magnesium halides 
on an excess of ethyl formate: 

PhMgCl + HCOOCjHs « PhCHO 4* ClMgOCjH*. 

If orthoformic ester is used, acetals are obtained, which can be converted into 
the corresponding aldehydes by hydrolysis with boiling acids. In some cases, 
ethoxy-methylene^niline, PhN:CHOEt, has been used with good results instead 
of ethyl formate. In this case benzylidene-aniliuos (q.v,) are the first products. 
These readily give aldehydes on boiling with dilute acids (jGattermann, Ber. 36, 
4152; Ann. 393, 216; T&hiUhihahin, Ber. 37, 186; Bodrous, C,v, 138,92,700; 
Monnier J. 89, 273; Ger. Pat. 175,673). 

10b, When aliphatic alkoxy-acetals, of the type RO«CH 2 CH(OR) 2 , interact 
with aryl-magnesium halides, one alkoxy I in the acetal group is replaced by an 
aryl group, and a mixture of arylated ethers and vinyl ethers is produced. When 
treated with dilute sulphuric acid, both these products pass, first into an unstable 
vinyl alcohol, and then into an aldehyde: 

RO CH.CH(OR). ArMgBr RO.CH,CH(ORVAr + 

RO-CH:CH Ar-» HO CHiCH Ar-» Ar CH,CHO. 

11. The condensation products obtained from aryl-magnesium halides and 
chloral, Ar'CHOH*CCli. decompose on boiling with aqueous potassium carbon¬ 
ate into chloroform and aldehydes {Savariau, C.r. 146, 297; Hebert^ Bull. 27, 45): 

CtHsMgBr C,H6CH(0H)CC1,- *■ C,H,CHO + CHCU. 

IS, AryUglyddic acids (p. 420), obtained by condensing aromatic aldehydes 
and ketones with chloracetic ester and sodium ethylate or sodamide, decompose 
readily into aldehydes and carbon dioxide {Darzens^ C.r. 139, 1214; Claisen^ 
Ber. 38, 699): 

(H)cH2 C1.C0 ,r -CO. (H) 

C6H,C0CH,-> C«H6(CH,)C-CH COaH-CeHeCCHOCH-CHO. 

15, Aiyl- and aralkyl-magnesium halides condense with a-chloroketones. to 
give chlornydrins. When these are treated with sodium hydroxide, they lose 
hydrogen chloride, and become aralkylene oxides, which, under the further action 
of sodium hydroxide, are converted into aldehydes (C. 1932, I, 1337). 

ArMgBr + Alk.COCHjCl » Ar-C(Alk.)(OH)-Cn,Cl-► 

Ar-C(Alk.) CH,-» Ar-CH(Alk.)CHO. 

Xq/ 

14* Benzoyl-formic acid, PhCOCOOH, and its homologues, which are readily 
obtainable by synthetic methods, give benzylidene-anilinos when heated with 
aniline. These are readily broken down to aldehydes and aniline {Fournier, C.r. 
136, 357, and others). 

16. a.jS-Diketo-carboxylic esters, or mesoxalic ester, condense with benzene 
hydrocarbons, tertiary anilines or phenols. The resulting acyl^henyUglycollic 
esters (p. 410) and phenyl-tariranic esters (p. 436) can be converted into aldehydes, 
either by heating with concentrated sulphuric acid (equation I) , or by oxidising 
them with cupric acetate to benzoyl-formic acids (equation II) , and decomposing 
these as explained in the preceding paragraph {Guyot, C.r. 149, 788): 

/. C.HftC(OH)(COCH,)COaCH, + H,0 - CJHiCHO + CH.COOH + 

CH,OH + CO. 

II. C6HaC(0H)(C0CH,)C02CH, + O + HjO « CeHaCO COOH + 

CHaCOOH + CHiOH. 
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16, When benzylnsulphoiie-acylphenyl-hyJrazones are decomposed with 
caustic potash, they yield aryl-aldehydes (McFadyen, 3, 1936, 684): 

Ar CONHNHSOaPh-> ArCHO. 

Properties, —Benzaldehyde and most of its homolo^es are liquids 
with an aromatic odour. They give a silver mirror with ammoniacal 
silver nitrate. (Jf) They are readily oxidised to carboxylic acids. 
(JS) With caustic alkalis they give alcohols and carboxylic acids. 
When benzaldehyde, for example, is treated with sodium ethylate, 
or better with sodium benzylate, disproportionation occurs, with 
formation of benzyl benzoate, a reaction known as Cannizzaro’s 
reaction. This reaction seems to be peculiar to aldehydes in which 
the CHO group is attached directly to the ring. (S) Nascent hy¬ 
drogen reduces the aldehydes to alcohols, two aldehyde residues com¬ 
bining to give a hydrobenzoin (p. 563). The acetals of those alde¬ 
hydes of which the CHO group is directly attached to the benzene 
ring can be reduced catalytically to benzene hydrocarbons {Kariyou, 
J. Pharm. Japan, 1923). (4) They form addition products with 

alkali sulphites and sulphurous acid. 

(5) With hydroxylamine they form aldoximeSj which form inter¬ 
esting isomerides. {6) With hydrogen cyanide, cyanhydrins are 
produced. (7) With phenylhydrazine, phenylhydrazones are formed. 
(8) With primary amines, aldehyde-imines, or Schiff^s bases, are pro¬ 
duced. (9) With nitro-hydroxylamates, e,g., NaON:NOONa, and 
benzene-sulphydroxamates, hydroxamic adds are formed (Angeli, 
Gazz. 34, I, 56). (10) By the action of phosphorus pentachloride, 

the aldehyde oxygen atom is replaced by two chlorine atoms. (11) 
Chlorine itself substituted the aldehyde hydrogen atom. (12) Hot 
hydrogen sulphide gives kyanidines (Vol. IV). (IS) When aldehydes 
of the type Ar-CH(Alk)-CHO are heated they are converted into 
ketones of the formula Ar-CH 2 CO-Alk (C. 1922, I, 2026). (14) 

When heated with orthoformic ester, or orthosilicic ester, and a small 
amount of acid, they give acetals (Ger. Pat. 404,256). (15) They 

add on nitromethane, with formation of w-nitro-styrenes (C, 1932, 
I, 1379). (16) They combine at ordinary temperatures with acyl 

chlorides, giving unstable double compounds, some of which are 
solids (Adams, Am. 40, 1732). (17) For the action of Grignard 

reagents on aldehydes, see Marshall, J. 105, 527. (18) The alde¬ 

hydes condense with hippuric acid to give cyclic compounds, called 
azlactones or oxazolones. These are decomposed by hydrogen 
iodide into a-amino-acids containing two carbon atoms more than 
the original aldehydes. 

They are readily oxidised, and some polymerise readily. For their 
identification by means of ?n-nitro- or o-chloro-benzhydrazide, see 
Sah, Rep. Hua 2, 347. 

Nuclear syntheses. — (1) When aromatic aldehydes are reduced, 
electrolytically, or otherwise, hydrobenzoins (Vol. I, p. 363) are 
formed, together with alcohols (Kaufmann, Z. Elek. 2, 365; Law, J. 
89, 1512). The process resembles pinacone formation (Vol. I, p. 363) : 

2 PhCHO » PhCH(OH)-CO-Ph, benzoin. 
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(Z) Under the influence of alcoholic potassium cyanide a veiy 
remarkable dimeiisation occurs, resulting in the formation of bemoina 
(p. 664): 

2PhCHO + 2H - PhCH(OH) CH(OH)-Ph, hydrobenzoin. 

The same reaction takes place in toluene solution in the presence of 
a small quantity of activatt'd magnesium {Schorigin, Ber. 66, 1431). 
For the condensation of benzylideno-aniline and benzaldehyde under 
the influence of potassium cyanide, see MiUer, Ber. 29, 1729 ; 31, 
2699. 

(S) Aromatic aldehydes combine with many substances, e.g., 
aldehydes, ketones, mono- and di-carboxylic acids, etc., with the 
elimination of water. 

These so-called condensations resemble the aldol-condensation, but in most 
cases water is lost, as in the foimation of mesityl oxide from acetone. The usual 
condensing agents are: hydrogen chloride, zinc chloride, sulphuric acid, acetic 
acid, acetic anhydride, dilute sodium hydroxide, sodium ethoxide, baryta water, 
aqueous potassium acetate, priinaiy, secondary, and tertiary bases. 

Benzaldehyde readily enters into the following reactions: 



CaHjCH » CH*COOH, cinnamic acid (Per- 

kin^s synthesis) 

CsHsCn =« CHl'CHO, cinnamic aldehyde 
aHfiClI « Cll CO-Cir,, benzalacetone 
CellftCH ~ C(C00H)2, benzalmalonic acid 
yCOOCxHj 

CgHfiCIt « C<; , benzalacetoacetic 

^COCII, ester 


With ketones, such as diethyl ketone, 2 luols. of benzaldehyde condense with 

/CH(Cli2)CH(C6H5)v 

formation of pyrones, e.g.. CO^ but with cyclic ke- 

^CH(CH3)Cn(C6H^)/ 

tones, in which the grouping —CHjCOCHa— forms part of the ring, dihemylidene 
derivatives are usually obtained (Wallach^ C. 1908, I, 637). For further 
condensation reactions, see Dillhey^ J. pr. 130, 147. 

Pyridine derivatives are formed when benzaldehyde and acetoaeetic ester con¬ 
dense with ammonia or aniline; benzylidene-diacetoacetic esters are formed when 
aliphatic amines are used (Lachawicz^ Mo. 17, 343). Triphenylmethane deriva¬ 
tives are obtained with phenols and anilines. 

For the removal of the CHO group as formic acid, HCOOH, by the action of 
alkalis, see Lock, Ber. 69, 2253. 

Benzaldehyde, bitter-almond oil, C«HsCH0, m.p. —55° to —66°, 
b.p. 179°, du 1.050, is a colourless liquid of high refractive index, 
.y\'ith a characteristic, pleasant smell of bitter-almond oil, which is, 
in fact, nearly pure benzaldehyde; It dissolves in 200 parts of water, 
and is miscible with alcohol and ether. In bitter-almond oil, the 
benzaldehyde is present as a glucoside, amygdalin (Yol. II, p. 365). 
This was first demonstrated by Liebig and Wdhler in 1831. Amyg¬ 
dalin (CjoHmNOu) readily decomposes into benzaldehyde, d-glucose, 
and hydrocyanic acid, either on boiling with dilute mineral acids, or 
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on standing with the ferment emvlsin, which is also present in bitter 
almonds: 


CjoHbNOu + 2H,0 = CJH,CHO + 2C«H„0, + HCN. 

Benzaldehyde was formerly prepared from amygdalin, and the 
aqua amygdalarum amararum of pharmacy, in wWch hydrocyanic 
acid is the active ingredient, is still made in this way. The reactions 
by which benzaldehyde is formed have been given under the general 
methods, above; it is obtained (1) from benzyl alcohol, (S) from 
calcium benzoate and calcium formate; (S) from benzylidene chlo¬ 
ride; (4) from benzyl chloride, from wliich it is manufactured com¬ 
mercially by oxidation with lead nitrate; (5) from toluene by the 
action of chromyl chloride, CrOaCl*; (&) from benzene and carbon 
monoxide in the presence of hydrogen chloride, cuprous chloride and 
aluminium chloride, or aluminium chloride alone (under pressure); 
(7) by the action of phenyl magnesium bromide on ethyl formate, or 
its derivatives. 

In the description of the reactions of the aromatic aldehydes above, 
benzaldehyde has usually been taken as an example. It takes up 
oxygen from the air, forming benzoic acid. One molecule of oxygen 
is first taken up, and bemoyirhydroperoxide, PhCOjH, m.p. 42-^3°, 
is fonned (see p. 298). This reacts with a second molecule of benz¬ 
aldehyde forming benzoic acid. The kinetics of this reaction, both 
in the light and in the dark, have been studied by Raymond, C.r. 191, 
616; J. chim. phys. 28, 316, 421, and by Bdckstrdm, J. Phys. Ch. 35, 
2530. When a mixture of benzaldehyde and acetic anhydride is 
exposed to the air, bemoyl acetyl peroxide (p. 299) is formed. Sodium 
amalgam reduces benzaldehyde to benzyl alcohol and hydrobenzoin. 
Phosphorus pentachloride gives benzylidene chloride. Benzaldehyde 
forms an oxime, a phenylhydrazone, etc. When a little sodium ethyl¬ 
ate or benzylate is added to benzaldehyde, Cannizzaro’s reaction 
takes place with evolution of a considerable amount of heat, and 
benzyl benzoate is formed. Benzaldehyde combines with sulphur 
dioxide to give a hydroxy-sulphonic acid, soluble in water, from which 
the aldehyde is regenerated by heating. This reaction has been used 
for purifying benzaldehyde (Tshitshibabin, Ber. 37, 850). For the 
detection of chlorine in commercial benzaldehyde, see Schimmel’s 
Ber. 1921, 56. 

HOMOLOGOUS BBNZALDEHYDBS. o-, and />-Tolualdehyde8 boil at 
195®, 195®, and 198 290°, respectively, o- and m-Compounds have the smell 
of benzaldehyde, but the p-eompouud smells like pepper. For derivatives see 
Uaslik, Ber. 32, 2282; S&nivter^ Ber. 33, 1073; Quelet, C.r. 193, 939. 

Phenyl-acetaldehyde, ot-iolualdehyde^ CeH^GHjCHO, m.p. 33-34°, b.p. 206°, 
is isomeric with the three tolualdehydes- It is obtained by distilling a mixture 
of calcium phenylacetate and calcium formate; by the action of chromyl chloride 
on ethyl-benzene; by the action of water on a-bromo-styrene; by the action of 
benzyl magnesium chloride on ethyl formate or its derivatives (method of prepa¬ 
ration, see 6ra«erwann, Ber. 36, 4162); from phenyl-lactic or phenyl-glycidic 
acid and dilute sulphuric acid: by the action of caustic alkalies on phenyl-a- 
chloro-lactic acid, PhCHOH*CHCl*COOH (Z/ip®, Ber. 16, 1286; Erlenmeyer^ 
Ann. 219, 179); by heating phenyl-glycerolic acia, and by heating the /5-lactone 
of this acid, PhCH(0)CH(OH)CO, with water (Ger. Pat. 107,229). Phenyl- 
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acetaldehyde has a sweetish odour, resembling hyacinth, and is used in per¬ 
fumery. It polymerises readily in contact with dilute sulphuric acid, or with 10% 
caustic potash, or even on standing, forming a trimer, or occasionally a dimer or 
hexamer (Stobhej J. pr. 90, 277; Pounds J. Phys. Ch. 35, 1174). Odiferous 
cyclic acetals obtained from phenyl-acetaldehyde are described in Fr. Pat. 682,717. 
Heated with alcoholic potash, phenyl-acetaldehyde gives a mixture of triphenyU 
benzene and 1,3-diphenyl-cyclobutane (?) (Stoermer^ Ber. 38, 1966). For 
phenyl-acetaldehydes alkylated in the nucleus, see Sp&ih, Mo. 36, 1. a-Phenyl- 
propyl-aldehyde, hydratropic aldehyde, Ph(Me)CH*CHO, b.p. 204°, is obtained 
by the action of hot, dilute sulphuric acid on os-phenyl-methyl-glycol {Stoerrner^ 
Ber. 39, 2297), or from phenyl-methyl-glyciaic acid, or os-phenyl-methyl- 
ethylene oxide by heating alone or with 5% sulphuric acid (Claisen. Ber. 38, 704; 
NoelHng, Ber. 38, 2506; McKenzie, Ber. 65, 804). a-Phenyl-Dutyraldehyde 
Ph(Et)CH*CHO, b.p. 211° is prepared from os-phenyl-ethyl glycol (Stoermer, 
Ber. 39, 2300). a-I^opyl-pnenyl-acetaldehyde and a-isobufyl-phenyl-acetalde- 
hyde, b.p. 122° (28 mm.), and 153° (20 mm.), respectively. i8-Methyl-phenyl- 
propylaldehyde, b.p. 130° (19 mm.) , is obtained from the corresponding glycidic 
acids by method (l^) (p. 266) (Darzens, C.r. 139, 1214). ^-Phenyl-propyl- 
aldehyde, hydrodmiamaldehyde, PhCH 2 CH 2 CHO, b.p. 105° (13 mm.), is best 
prepared by reducing cinnamaldehyde acetal {Fischer, Ber. 31, 1992), Weston 
(Am. 51, 2589) prepares it by heating cinnamaldehyde and propyl alcohol with 
alumina at 330°. It condenses with formaldehyde to a-phenyl-jSs-trimethylol- 
ethane, PhCH2*C(CH20H)j (Franke, Mo. 46, 61). For the preparation of 
aliphatic-aromatic aldehydes, see Braun, Ber. 45, 384; Bert, C.r. 186, 699. 
3,6-Dimethyl-benzaldehyde, mesityl-aldehyde, Me 2 C 6 H 3 CHO, b.p. 221°, from 
mesitylene bromide {Bamberger, J. pr. 58, 359). 2.5-Dimethyl-benzaldehyde, 
b.p. 100° (10 mm.), is obtained from p-xylyl-glyo^lic acid by method ( 14 ) (p. 
266). p-Xylene. carbon monoxide, hydrogen chloride, e^c. (method 9), give 2,4- 
dimethyl-benzaldehyde, owing to atomic migration {Francesconi, Gazz. 32, II, 
467). 2,6-Dimethyl-benzaldehyde, m.p. 11°, b.p. 226-228° (741 mm.), is 
obtained from acetyl-mesitylcne by the action of 2,6-dimethyl-terephthalic acid, 
and dimethyl-benzoyl chloride (Lock, J. pr. 140, 232). 2.4,6-Trimethyl-benz- 
aldehyde {Chuit, Bull. 35, 200). p-Cyclohexyl-benzaldehyd-j, b.p. 160° (12 
mm.), obtained from cyclohcxyl-benzene by method {9a), gives p-cyclohexyU 
benzyl alcohol, m.p. 41°, and p-cyclohexyl-henzoicacid, m.p. 198°, by Cannizzaro^s 
reaction {Braun, Ber. 66, 1473). 

Cuminal) cuminic aldehyde^ p-isopropyUbenzaldehijde, Me 2 CH [4]- 
C(Jl 4 (l]CHO, b.p. 235®, di 3 0.973, occurs, together with cymene 
(p. 47), in caraway oil from Cuminum cyminum, and in hemlock oil 
from Cicuta virosa {Trapp^ Arch. Pharm. 231, 212). It has been 
prepared synthetically by Bert (Bull. 37, 1937) from cumenyl mag¬ 
nesium chloride and orthoformic ester. It has an aromatic smell. 
It is oxidised by dilute nitric acid to cuminic acid, but chromic acid 
converts it into terephthalic acid. With alcoholic potash it gives 
cuminic add (p. 293) and cuminyl alcohol (p, 252). When distilled 
with zinc dust it gives cymene. A second isopropyl group can be 
introduced into the nucleus by treating the aldehyde with isopropyl 
chloride, aluminium chloride, and cuprous chloride, and di-isopropyl- 
benzaldehyde, b.p. 147-153®, a substance with a beautiful fragrance, 
is formed (Br. Pat. 293,703). 

p-Isopropyl-phenyl-acetaldehyde, b.p. 243°, is obtained from 
cuminic aldehyde by method {IS) (p. 266) {Chuity Bull. 35, 200), or 
from cymyl magnesium chloride and orthoformic ester (C. 1926, I, 
1925). 

p-tert.-Butyi-benzaldehyde, b.p. 245-246°, is obtained from 
p-bromo-tert.-butyl-benzene, by method {9a) (Tshiishibabiny Bull. 
43, 238). 
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Functional Derivatives of Bemaldehyde 

HALOGEN COMPOUNDS, ETHERS, AND ESTERS OF BENZALDE- 
HYDE. Halogen derivatives of benzaldehyde are obtained by the action of 
phosphorus pentachloride and phosphorus pentabromide. 

Benzvlidene fluoride, benzal fluoride^ PhCHFj, b.p. 133.5®, dn.s 1.1378, ob¬ 
tained by the action of antimony trifluoride on benzvlidene chloride. When ni¬ 
trated it gives a mixture of the three nitro-products, the m-derivaf ive predominat¬ 
ing {van Hove^ Bull. Belg. IQ 13). Benzylidene chloride, benzal chl<yride, PhCHCb, 
b.p. 213®, die 1.295, is produced by the action of chlorine on boiling toluene (lAm- 
pricht, Ann. 139,318; Beilsiein^ Ann. 146,322), by the action of phosphorus penta¬ 
chloride on toluene at 170“200®, and from benzaldehyde by the action of carbonyl 
chloride (Kempf, Z. f. Ch. [ 2 ], 7, 79), or oxalyl chloride (COCl )2 (Siavdinger, 
Ber. 42, 3966). In the presence of quinoline, benzaldehyde combines with car¬ 
bonyl chloride to give PhCHCl(OCOCl) and (PhCHClO)jCO, m.p. 105® (Ger. 
Pat. 116,091). When benzal chloride is heated with water to 140-160®, or with 
anhydrous oxalic acid to 60-70®, it is converted into benzaldehyde. Benzyli¬ 
dene bromide, hemal bromide, b.p. 156® (23 mm.). 

Acetals of aromatic aldehydes are obtained by treating them with dilute alco¬ 
holic hydrogen chloride, or with orthoformic ester or orthosilicic ester {Helferich, 
Ber. 57, 795), or by the action of sodium alkylates on aldehyde chlorides {Fischer. 
Ber. 31- 1989; Claisen, Ber. 40, 3903). Benzylidene-dimethyl and -diethyl 
ethers, toil at 208® and 220®, respectively. For the benzylidene compounds of 
polyhydric alcohols, see Lobry de Bruyn, Rec. 18, 150. a-Methoxy-benzyl 
chloride, PhCH(OMe)-Cl, b.p. 71-72® ( 0.1 mm.), is obtained from benzalde- 
hyde-dimethylacetal by the action of acetyl or thionyl chloride. It decomposes 
at 110 ® into benzaldehyde and methyl chloride. It has a considerable tendency 
to enter into condensation reactions, e.g., with acetone, with which it forms 
benzylidene-acetone, and with acetophenone, giving benzylidene acetophenone 
{Straus, Ann. 493, 203). Benzylidene-diacetyl ester, PhCH(OCOCH 3 )i, m.p. 
44®, b.p. 220®, is obtained by the action of lead or silver acetate on benzylidene 
chloride {Bodroux, Bull, 1899). Diphenyl-formal peroxide, PhCH(OH)0»- 
OCH(OH)Ph, m.p. 61®, obtained by the action of hydrogen peroxide on l^nzalde- 
hyde, readily dissociates into its components {Nef, Ann. 298, 292). Benzylidene 

glycerol, sHsOH, m.p. 84®, is obtained from benzaldehyde, 

glycerol, and hydrogen chloride (Ger. Pat. 253,083). 

SULPHUR DERIVATIVES OF BENZALDEHYDE (c/. thio-acetaldehydes, 
Vol. I, p. 245). a- and i9-Trithiobenzaldehyde, m.p. 167° and 225®, respectively 
{Woerner, Ber. 29, 159; Hinsberg, J. pr. 88 . 800), and a polymeric thiohenzalde^ 
hyde, m. p. 83® {Baumann, Ber. 24, 1428) are known. They yield stilbene, 
PhCH=CHPh, on heating with copper powder. For mercaptals, such as 
PhCH(SC 2 H 5 )j, and sulphones, such as PhCH(S 02 CjH 6 ) 2 , see Posner, Ber. 35, 
2343. 

Benzaldehyde potassium bisulphite, potassium hydroxyhenzyl sulphonate, 
PhCH( 0 H)S 03 K-V 2 H 20 {Bertagnini, Ann. 85, 186). 

Sodium benzaldehyde-sulpho^late, PhCH(OH)0*SONa, is precipitated in 
small flakes when benzaldehyde is added to a weakly alkaline solution of sodium 
hydrosulphite. The secondary salt, PhCH(ONa)0'SONa, forming slender 
needles, is more stable than the primary salt {Bazlen, Ber. 42, 4634). 

SELENO-BENZALDEHYDE, PhCHSe, exists in an a-form, yellow, odourless 
crystals, m.p. 83°, obtained from CeH^CHO and hydrogen selenide in alcohol, a 
/ 8 -form, (PhCHSe)n + 1 mol. of benzene of crystallisation, pale-yellow needles, 
m.p. 205® (free from benzene, m.p. 218®), prepared like the a-form, but in the 
presence of hydrogen chloride, and recrystallised from benzene, and in a 7 -form, 
yellowish needles, m.p. 166°, a by-product in the above reaction. The molecular 
weights of these three aldehydes are unknown {Vanino, J. pr. 91, 116). 

NITROGEN DERIVATIVES OF BENZALDEHYDE. Phenyl-dinitro- 
methane, b),<a^tnitro-toluene, PhCH(NOs)ty m.p. 79®is obtained by the action 
of nitrogen tetroxide on benzaldoxime or acetyl-benzaldoxime, PhC(NOH)- 
COCHi. When heated to 130® it forms benzaldehyde, and when redu(^ with 
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aluminium amalgam it gives benzylamine and ammonia (Ponzio, J. pr. 65, 197; 
73, 494; Lincei 15, II, 118; Schimmel's Ber. 1901). For its action on phenyl- 
diazonium chloride, see Ponzio, Gazz. 39, I, 625. 

When ammonia at —20® acts on a concentrated alcoholic solution of benzalde* 
hyde, the first, very unstable, product is benzaldehyde-ammonia, (PhCHOH)*- 
NH, m.p. 45®, which rapidly decomposes into benzaldehyde, water, and hydro- 
benzamide, (PhCH)*N 2 , m.p. 110® (Francis, Ber. 42, 2216). Hence hydrobenz- 
amide is produced whenever ammonia acts on benzaldehyde without special pre¬ 
cautions. When heated it rearranges to amarine or triphenyl-imidazoline. Wnen 
hydrogen (chloride is passed into its alcoholic-benzene solution, benzylidene-imide 
hydrochloride, PhCH.-NH HCl, is formed as crystals which melt at 180® (do- 
comp.). This compound is instantaneously decomposed by water to benzalde¬ 
hyde and ammonium chloride, and reacts with alcohol to give benzylidene-diethyl 
ether (p. 271) (Busch, Ber. 29, 2144). Benzylidene-ethylamine, PhCH:NC 2 Hb, 
m.p. 195®. 

Bena^lidene-aniline, hemal-aniline, PhCHiNPh, m.p. 45®, is obtained from 
benzaldehyde and aniline with the elimination of water (Bigelow, Org. Synth. 8, 
22). In the presence of concentrated hydrochloric acid, aromatic; aldehydes 
and anilines combine to give hydrochlorides of aldehyde-anilines, such as PhCH, 
(OH)NHPh«HCl. These are true ammonium comi>ounds, ana some of them, 
especially those of the hydroxy-benzaldehydes, are fairly stable, whereas the free 
hydrates usually readily lose water and become benzyliderie compounds (S(;hiff *s 
bases) (Dimroih, Ber. 35 ^ 934). These bases undergo hydrolysis under the in¬ 
fluence of acids, regenerating their components, aldehydes and amines. In a few 
eases, Schiff's bases, like the benzaldoximes (q,v.), seem to occur in two isomeric 
forms (Manchot, Ber. 43, 3359; Hanizsch, Ber. 1340; c/., however, Frenden- 
herg, Stereoohemie, p. 1097). For nitration and sulphonation of benzylidene- 
anilines, see Schwalbe, C. 1M3, I, 231. Benzylidene-aniliue polymerises to a 
hard, brittle, resin when it is heatod with 2% hydrochloric acid to 150® ((ier. 
Pat. 401,726), It does not give the benzoin reaction with alcoholic potassium 
cyanide (p. 268), but a complex condensation takes place in which hydrocyanic 
acid participates (Miller, Ber. 31, 2699). Benzylidene-aniline combines with 
alkyl-magnasjum halides to form C-alkyl-benzyl-anilines, PhCH(R)NHPh 
(Busch, Ber. 38, 1761). When heated it partially decomposes to aniline, toluene, 
and acridine {Vol, IV) ( Reddelien , Ber. 53 ,355). For the condensation of benzyli¬ 
dene-aniline with diethyl malonate, ethyl acetoacetat^ and similar compounds, 
see Knoevenagel, Ber, 31, 2596; Schiff, Ber. 32, 332; Francis, Ber. 36, 937. 

Benzylidene-p-amino-dimethylaniline, PhCH :NC 6 H 4 N (CHs)*, m.p. 99®, forms 
yellow needles. With one mol. of hydrogen chloride it gives a red, and with two 
mols. of hydrogen chloride, a white hydrochloride (Moore, Am. 30, 394). When 
benzaldehyde reacts with o-phenylene diamines, the first products are such com¬ 
pounds as benzylidene-o-pnenylene diamine, NHz-CeHi’NiCHPh, m.p. 61®, 
and dibenzylidene-o-phenylene diamine, C«H 4 (N: CHPh) 2 . These isomerise very 
readily to cyclic imidazole derivatives, aldehydines (p. 108) (Hinsherg, Ber. 29, 
1497). The amino-benzylidene-anilines and 5i.s-aminobenzylidene-p-phenylene 
diamines, such as NH 2 C«H 4 *CH;N*CeH 4 N:CHC 6 H 4 NH 2 , have dyeing properties 
similar to those of the amino-azo-compounds (p. 138), the azomeihine group, 
—CH:N—, being a chromophoric group, although a much weaker one than the 
azo-group —N==N—. In both classes of compounds, the introduction of auxo- 
chrome groups (NH 2 , OH, etc,) causes a deepening of colour (Mdhlau. Bor. 31, 
2250; C. 1907,1, 106). For the electrolytic reduction of benzylidene bases, see 
Law, J. 101, 154, 

Benzylidene-hydrazine, henzal-hydrazone, PhCH ;NNH 2 , m.p. 16®, b.p. 140® 
(14 mm.), is obtained by the action of benzaldehyde and barium monoxide on 
hydrazine hydrate, or by boiling benzalazine with hydrazine hydrate. It is 
readily converted by various methods into benzalazine. With acetic anhydride 
it gives hemyliderbe-acetylhydrazine, PhCHiN'NHCOCHs, m.p, 134®, wmch is 
alM obtained by the action of benzaldehyde on acetyl-hydrazme (Curtius, Ber. 
35, 3234). 

Benzalazine, PhCH:N*N:CHPh, m.p. 93®, is obtained from the action of 
hydrazine on benzaldehyde, and decomposes on heating into nitrogen and stil- 
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bene, PhCHiCHPh, When reduced with zinc dust and acetic acid, it loses 
ammonia and gives dibenzylamine (p. 257), but with sodium amalgam it is con¬ 
verted first into benzyl-benzylideiie-hydrazine, and then into sym-dibenzyl- 
hydrazine (p. 269). It combines with bromine to give a tetrabromide, which 
readily decomposes with loss of nitrogen (Curti'ttSf J. pr. 58, 372). It combines 
with dimethyl sulphate to give an ammonium compound, PhCH:N(Me)- 
(OSO»Me)N;CHPh, which decomposes when treated with water into benzalde- 
hyde and methyl-hydrazine (Thiele, Ann. 376, 244). For the action of magne¬ 
sium compounds on benzalazine, see Busch, Ber. 43, 740; for heterocyclic com¬ 
pounds formed from benzalazine, see SlolU, J. pr. 85, 386. 

Benzylidene-phenylhydrazine, hemal-phenylhydrazine, PhCHrN-NHPh, m.p. 
159® (Vecchiotti, Gazz. 43, II, 637), is colourless, but its alcoholic solution 
turns pink in light (Stobbe, Ber. 46, 2887). For the problem of stereoisomeric 
forms see Thiele, Ber. 31,1249; Lockemann, Ber. 46. 1^; Bodfors, Ber. 59, 666. 
It is reduced by sodium amalgam to «yw-benzyl-phenylhydrazine (p. 259). 
When oxidised it yields partly dibenzylidene^iphenyl-dihydrotetrazene (p. 165), and 
hemylider^-hemoyl-diphenyl-dihydroteirazene, and partly bemil-osazone, dehydro- 

CiH Os^It 

benzylidene-phenylhydrazone, and tetraphenyl-dihydrotetrazine, | I 

CCsHs 

(Bamberger. Ber. 34, 623; Busch, Ber. 47, 3277). Benzaldehyde-phenylhydra- 
zone is oxidised by perbenzoic acid (p. 298), to a compound, CnH^ONa, pale 
yellow needles, m.p. 201® (decoiM.), which is presumably an oxyhydrazine 
derivative, and may be formulated PhC5H=NO -NH 'Ph, or PhCH -N (O) -NHPh 
(Bergmann, Ber. 56, 679). *-' 

BENZALDOXIMBS. When free hydroxylamine acts on benzaldehyde a- 
benzaldozime, m.p. 35®, b.p. 117® (14 mm.), is formed. The hydrochloride of 
this «-oxime, b.p. 103-105®, is only stable at low temperatures. It changes spon¬ 
taneously, even at ordinary temperature, into a hydrochloride, m.p. 63®, from 
which /9-benzaldoxime, m.p. 132®, is obtained by the action of cold, aqueous. 
sodium carbonate. The same transformation of a- into iS-oxime is brought about 
by strong acids (Beckmann, Ber. 20, 2766; Brady, J. 123, 1783; J. 1927, 2933), 
metallic salts (Hieber, Ber. 60. 2300), or ultraviolet light (Cmmidan, Ber. 36, 
4268), When hydroxylamine hydrochloride acts on benzaldehyde dissolved in 
alcohol, the a-oxime is formed first, but passes into the ^-oxime (Livdemann, 
Ber. 60, 1728). Benzaldoxime is also produced when benzylamine is oxidised 
with permonosulphuric acid, but this reagent oxidises it further to phenyl-iiitro- 
methane (p. 256), and benzhydroxamic acid (p. 312) (Bamberger, Ber. 34, 2023, 
2262). 

In contrast to the hydrochlorides, the cr-oxime is the more stable of the free 
oximes. The /3-oxime passes completely into the a-form under the action of heat, 
or by the catalytic action of mere traces of acids, or certain salts (Taylor, J. 1033, 
1443), or certain kinds of carbon (Freudenherg, Stereochemie, p. 988), 

The two benzaldoximes differ in reactivity, and form two distinct series of 
derivatives. Their isomerism is a case of cis-trans isomerism at the double bond 
between carbon and nitrogen C~-N. and is to be compared with the isomerism 
of ethylene derivatives (Vol. I, p, 36). This w’^as demonstratf3d in principle in an 
important paper by Hanizsch and Werner (Ber. 24, 3481), but the steric formulae 
suggested by them have now had to be reversed on the evidence of certain ring- 
closures, and of the electric moments of the 0-methyl ethers (Brady, J. 1925, 
1359; Meisenheimer, Ann. 446, 210; Taylor, J. 1933, 63): 


CfHs—CH 



o-Ben caldoxixne 


HO— Ir 

/^-Bensaldoxime 


The isomeric benzaldoximes yield isomeric phenyl-urethane derivatives, 
PhCH:N-0*CONHPh with phenyl isocyanate. On methylation, the a-oxime 
gives mainly 0-methyl ether, and little of the N-methyl-derivative, and the 
oxime gives a little of tlie isomeric O-ether^ and mainly the same N-methyl- 
derivative as the a-oxime. No stereoisomeric N-methyl derivatives are known 
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of any aldoxime in contrast to ketoximes (Sempter^ Ber. 51, 928; Brady, J, 125. 
2297; 1926, 2386; Sutton, J. 1931, 2190). The configurations of the methyl 
derivatives are as follows: 


C«H»CH 

llOCH, 

o-O-Methyl etb<ir 


CW.-CH 

CHr-0 —It 

/}-0-Methyl ether 


C,H,—CH 
CHr-JrO 

(UiUciiown) 


C,H,CH 

oIr-CH, 

N-Methyl derivative, m.p. 82° 


a-Benzaldoxime-O-methyl ether, b.p. 196^, is obtained from a>benzaldoxime 
by the action of alkali and methyl iodide or dimethyl sulphate (Ponzio, Gazz. 37, 
I. 504; Brady, J. 1926, 2386), or diazomethane (C. 1909, II, 1754). i9>Benz- 
aldoxime-O-methyl ether, b.p. 190®, is obtained by the action of methyl iodide 
on the silver salt of the /3-oxime (Brady, loc. cit.; C. 1913, n, 1446). N- 
Methyl-benzaldoxime, m.p. 82®, is formed, together with the isomeric O-ether, 
by the action of methyl icxlide and sodium methylate on /3-benzaldoxime (Gold^ 
Schmidt, Ber. 24, 2812), or by the action of /8-methyl-hydroxylamine hydrochlo¬ 
ride on bcnzaldehyde (Beckmann, Ann. 365, 205). In ether solution it re¬ 
arranges under the action of phosphorus pentachloride into the isomeric mono- 
methyl-benzamide: 


O 

C6H*CH:NCH,-► CeH.CONHCH,. 

Benzaldoxime-O-benzyl ether, PhCHiNOCHaPh, is also known in two modi¬ 
fications, one a liquid and the other a solid, m.p. 31 ®. p-Chlorobenzaldoxime-p- 
chlorobenzyl ether, m.p. 114®, and p-bromobenzaldoxime-p-bromobenzyl ether, 
m.p. 130®, see Schrditer, Ber. 33, 1975. These substances decompose with dif¬ 
ficulty, or not at all, into aldehydes and hydroxylamines. 

O 

Benzaldoxime-N-benzyl ether, C«H 6 CH===lr*CH 2 ‘C«H 6 , m.p. 82®. is obtained 
by the action of benzyl chloride on sodio-isobenzaldoxime, and also by oxidation 
of iS-dibenzyl-hydroxylamino (p. 260). Ring-substituted benzaldoxime-N- 
benzyl ethers undergo a peculiar change under the influence of sodium ethoxide, 
according to the scheme (Neubauer, Ann. 298, 187): 


XC*H4CHNCH2C.H6 -> XC«H4CH2N:CHC.H4. 


O 

N-Phenyl-benzaldoxime, Ph*CHN«Ph, m.p. 109®, is obtained by combination 
of benzaldehyde and N-phenyl-hydroxylamine (p. 69) (Beckmann, Ber. 27, 
1958, Ger. Pat. 96,564). Benzaldozime acetate, PhCHNOCOCH*, m.p. 15^ 
(Dunstan, Proc. 1893, 253). 

O 

Benzylidene-oxime peroxide, Ph’CH:N-0-N:CHPh, m.p. 114-116® (de- 
comp.). is obtained by the oxidation of benzaldoxime with sodium hypochlorite 
or amyl nitrite, and, together with benzo-nitrolic acid, by the action of nitrous 
acid on phenyl-isonitromethane. When heated in chloroform solution it 

.N—C-Ph 

undergoes a peculiar transformation to dibenzenyl-azoxime, PhC^^ |1 

(WieUmd, Ber. 39, 2522), but when the solution in benzene is boiled, the sub¬ 
stance disproportionates to benzaldoxime and dibenzenyl-oxo-azoxime (Robin, 
C.r. 169, 695). 
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O 

Benzaldoxime-carbozainide, PhCH]l*CONH 2 , m.p. 125®, is obtained from 
benzaldehyde and hydroxyl-urea (Vol. I, p. 605). and decomposes when heated 
into tt-benzaldoxime, benzonitrile, and cyanic acia (ConducM, Ann. Ch. Ph. [ 8 ], 
13, 5). 

Benzaldozime-O-acetic acid, PhCHNCOCHaCOOH), m. p. 98®, and the N- 

O 

derivative, PhCH=N•CH 2 -COOH, m.p. 183® (decomp.), are obtained by the 
action of chloroacetic acid on potassio-benzaldoxime. On decomposition, the 
O-acid gives glycolic acid, ana the N-acid gives hydroxylamino-acotic acid, 
HO • NHCH 2 COOH {Hantzsch, Ann. 289, 286). 

Isomerism similar to that shown by the benzaldoximes is also found with many 
of their substitution products, with ketoximes, benzil-dioximes, etc. 

Benzylidene-amino-sulphonic acid, PhCHiNSOall, is obtained from benzal¬ 
dehyde and amino-«»ulph<)nic acid (Krajfi, Ber. 25,472). Benzylidene-hydrazino- 
diacetic acid, PhCH:N-N(CH 2 COOH) 2 , m.p. 123° (decomp.), is obtained by 
the action of hydrazine-diacetic acid and potash on benzaldehyde {Bailey^ Am. 
38, 1771). 

SUBSTITUTED BENZALDEHYDES. Substituted benzaldehydes behave 
towards oxidising agents and condensing agents in the same way as benzaldehyde 
itself. The formation of heterocyclic compounds from o-nitro- and o-amino- 
benzaldehyde, is of particular interest. 

Halogen-suhstituted benzaldehydes {Blanksma, Weekbl. 9, 862) are preparea 
from halogen-substituted benzylidene chlorides by the action of oxalic or sul¬ 
phuric acid {Erdmann, Ann. 272, 148), or by oxidation of halogen-substituted 
cinnamic acid. 

o-Fluorobenzaidehyde, m.p. —44.5°, b.p. 174°; oxime, m.p. 63°. 

p-Fluorobenzaldehyde, m.p. — 10 . 0 °, b.p. 181°; oxime, m.p. 81° and 116°. 

o-Chlorobenzaldehyde, m.p. —4°, b.p. 213°; oxime, m.p. 75°. 

m-Chlorobenzaldehyde, m.p. 17°, b.p. 213°; oxime, m.p. 70° and 115°. 

p-Chlorobenzaldehyde, m.p. 49°, b.p. 213°; oxime, m.p. 110°. 

o-Bromobenzaldehyde, m.p. 21°. 

m-Bromobenzaldehyde, b.p. 229°. 

p-Bromobenzaldehyde, m.p. 57°. 

o-Iodobenzaldehyde, m.p. 37°. 

m-Iodobenzaldehyde, m.p, 57°. 

p-Iodobenzaldehyde, m.p. 77°. 

For di- and tetrachlorobenzaldehydes, see Reich, Bull. 21 , 217; Loefc, Ber. 69 , 
1627. 

0 -, m-, p-Iodoso-benzaldehyde, C 6 H 4 (IO)CHO, and o-, m-, p-iodoxybenzal- 
dehyde, C;eH4(I02)(CH0), have been prepared from the iodo-chlorides {WilU 
gerodt, J. pr. 86, 276; Patlersan, J. 69, 1002). 

Nitrobenzaldehydes, NO2C6H4CHO. When benzaldehyde is dissolved in a 
mixture of sulphuric and nitric acids, the chief product is m-nitrobenzaldehyde, 
though some o-nitrobenzaldehyde is formed at the same time {Friedlander, 
Ber. 14, 2803). o-Nitrobenzaldehyde is obtained by oxidising o-nitrobenzyl 
alcohol (Ger. Pat. 104,360), or o-nitrocinnamic acid, or its esters {Einhom, 
Ber. 17, 121 ). It is obtain^ from o-nitrotoluene by oxidation with manganese 
dioxide and sulphuric acid (Ger. Pat. 179,589) or Mn(S 04)2 (Ger. Pat. 175,295), 
or b^ oxidising the di-mercuiy compound with nitrous acid (Ger. Pat. 199,147). 
o-Nitrobenzaldehyde occurs in a stable a-form, m.p. 40.9°, and in an unstable 
| 8 -form, m.p. 37.9® {Brady, J. 123, 484). jij-Nitrobenzaldehyde is obtained by 
oxidising p-nitrocinnamio acid, or from p-nitrotoluene in carbon disulphide by 
the action of chromyl chloride and water. It is also obtained by the action of 
lead nitrate in aqueous solution on p-nitrobenzyl chloride, and by the hydrolysis 
of p-nitrobenzylidene chloride with sulphuric acid. The oximes of o- and p- 
nitrobenzaldehyde are prepared from o- and p-nitrotoluene by the action of 
sodium nitrite and sodium ethoxide (Ger. Pat. 107,095; Angeli, Lincei 1899; 
Lapwarth, Proc. 16, 108). Their acetates, CeH 4 (N 02 )CH( 0 C 0 CHi)f, are ob- 



276 


SUBSTITUTED BENZALDEHYDES 


tained by oxidising a solution of o« or p-nitrotoluene, respectively, in a mixture of 
acetic anhydride and sulphuric acid, with chromic acid {Thiele, Ann. 311, 355). 

o-Nitrobenzaldehyde, m.p. above; semicarbazone, m.p. 242^^; hydrazone, 
m.p. 76®. 

7 n-Nitrobenzaldehyde, m.p. 58®; semicarbazone, m.p. 246®; hydrazone, 
m.p. 107®. 

p-Nitrobenzaldehyde, m.p. 107®; semicarbazone, m.p. 211®; hydrazone, m. 
p. 134®. 

p- and especially o-Nitrobenzaldehyde dissolve in aqueous solutions of alkalis, 
probably attaching a hydroxyl ion, and forming the anion of a true acidic hydrate: 

N02C6H4CH<f 

0 - and p-Nitro-a-benzaldoximes change into the more stable jS-aldoximes 
when their benzene solutions are exposed to light {Ciarmdan, Ber. 36, 4268). 
The h^drazones of the nitrobenzaldehydes are highly coloured, and exist in two 
stereoisomeric forms, a red and a yellow form, the former having the cis- and the 
latter the (rans-configuration {Ciusa, Lincei [5], 20, 578). 

For the metabolism of nitrobenzaldehydes in the animal organism, see Cohn, 
Ber. 25, 2457. 

When o-nitrobenzaldohyde, dissolved in indifferent solvents, is exposed to 
lightj or when the substance is treated with an ammoniacal solution of ammonium 
cyanide, it rearranges completely into o~nitroso~henz(ric acid (p. 320) {KUchler, 
Mo. 68, 97; Kailan, Ber. 46, 2175). Tn alcoholic solution, esters of o-nitroso- 
benzoic acid are formed, acetals of o-nitrobenzaldehyde being formed inter¬ 
mediately. This formation of acetals, and their subseciucnt rearrangement into 
esters of <?-nitroso-benzoic acid, is prevented by the presence of another substitu¬ 
ent in the o-position to the aldehyde group. This is an example of “steric hin¬ 
drance" (see p. 296) {Bamberger, Ann. 371, 319). 

o-Nitrobenzaldehyde condenses with acetaldehyde and acetone, under the in¬ 
fluence of dilute caustic soda, to o-nitro-phenyUhydracrylic aldehyde and o-nitro- 
'phenyl hydracrylic methyl ketone, which are converted by caustic soda into indigo: 

CHiCHO 

xCHO[l] 

/ _ 

(CH,)*co /CH(OH).CH,.COCHa 

-> CeHK 

\NO, 

,COv /NHv 

C,H4< >C=-C<( >CtH4. 

\ c(y 

When o-nitrobenzaldehyde is reduced with zinc dust and alcoholic ammonia, 
in the presence of amyl nitrite, it yields o-aldehydo-nitr080-phenyl-hydroxyl- 
amine, CHO-CeH 4 N(OH)«NO, m.p. 62.6® {Baudisch, Ber. 45, 3429). It con¬ 
denses with benzene or toluene under the influence of sulphuric acid containing 
traces of nitrogen trioxide, forming acridones {Lekmstedt, Ber. 65^ 834), 

5 -Nitro-2-chloro-benzaldehyde, NOaC^HjClCHO, m.p. 80®. oxime, m.p. 
147®. The oxime is readily converted into nitro-salicyhc acid by boiling with 
alkali {Meyer, Ber. 28, 1263). 3-Nitro-4-bromo-benzaldehyde, N02CeHjBr- 
CHO, m.p. 103®; oxime, m.p. 145® (^c^p/, Ber. 24, 3775). 2-Nitro-5-chloro- 
and -bromo-benzaldehydes. m.p. 77® and 74®, respectively, are obtained by the 
nitration of m-chloro- ana m-oromo-benzaldehydes (Mettler, Ber. 38, 2811). 
2-Nitro-4-chloro- and -bromo-benzaldehydes, m.p. 67® and 98®, are formed by 
treating 4-amino-2-nitro-benzaldoxime with ferric sulphate and concentrated 
hydrochloric or hydrobromic acids {Sachs, Ber. 37, 1861), 

2,4-Dmitro-benzaldehyde, (NOs)s[2,4]C«H|CHO, m.p, 72®, is obtained by the 




CH(OH)CH,CHO 
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oxidation of 2,4-dinitro-benzylaniline or its sulphonic acid, {NO2)iCiHj0H2- 
NHCeH 4 SOaH, with permanganate or chromic acid. Schiff's bases are first 
formed, of the formula (NOj)jC«H|CH:NPh. and are then decomposed by acid. 
The aldehyde has also been obtained from its aimethylaminO'^tnU^ (NOs^aCiAsCH: 
NC 6 H 4 N(CHj)*, which is prepared by the action of p-nitroso^unethylaniline on 
2,4>dinitro>to]uene (p. 64) (Lowy^ Am. 42, 849). 2,6-Dinitro-benzaldehyde. 
m.p. 123®, obtained from 2,6-dinitro-toluene as follows; 2,6-dinitrobenzyi 
bromide is first formed, then the anilide, which is converted into dinitrobenzylidene 
anilide, and then hydrolysed {Reich, Ber. 45,804). 2,4,6-Trinitro>benzaldehyde, 
(N02)*[2,4,61C«H2CH0, m.p. 119®. is obtained from 2,4,6>trinitro-toluene in a 
similar way to the 2,4-compound {Secareanu, Ber. 64, ^7). Just as o-nitro- 
benzaldehyde changes into o-nitroso-benzoic acid on exposure to light, the o,p- 
dinitro- and sy^-trinitro-benzaldehydes readily rearrange on irradiation, into 
p-nitro-o-nitroso- and dinitro-o-nitroso-benzoic acids ^dchs, Ber. 35, 2704; 
36, 969; Friedl&nder, Mo. 23, 643). 

The phenylhydrazones of 2,6-dinitro- and 2,4,6-trinitro-benzaldehyde, but not 
the 2,4-derivative, rearrange into nitrated l-phenyUiruiazoles under the influence 
of hot alcoholic potash {Reich, Bull. 22, 107, 114) : 



For other condensation products of 2,4,6-trimtro-benzaldehyde see Lowy, Am. 
43, 1961. 3,6-Dinitro-6-tert.-butyl-2,4-2ylyl-l-aldehyde, aldehyde musk, m.p. 
112® {Friedldnder, Fortsclu. Teerfarben 4, 1301). 

Hydroxylamino, nitroso, azozy, and azo-benzaldehydes. —When m- or p- 
nitrobenzaldehydes are reduced electrolytically in sulphuric acid, or by zinc dust, 
the first products are aldehydo-'phenyUhydroxylamin^, CHO'CeHiNHOH, 
which, however, immediately combine with unchanged nitro-aldehyde, to form 
aldehydO’-phenyUnitro-N benzaldoximes, NO*CJE[ 4 CHa=N(0)C4H4CH0. o-Nitro- 
benzaldehyde can also be reduced to hydroxylamino-d>€nzald,€hyde which, however, 
is very unstable, and readily condenses to an internal anhydride, anthranil, by 
what may be called an internal oximisation. If the nitrone formula for anthranil 
is adopted (p, 278), this reaction is strictly analogous to the formation of N- 
substituted oximes (nitrones) from aldehydes and N-substituted hydrojylamines. 
The nitroso-compound of o-hydroxvlamino-benzaldehyde, CHO'C 6 H 4 N(NO)- 
OH, m.p. 62.6°, has been obtained by the reduction of o-nitro-benzaldehyde 
with zinc dust in the presence of amyl nitrite {Bamberger, Ber. 42, 2574). The 
same nitroso-compound is formed from antliranil by the action of nitrous acid. 
It forms stable salts with alkalis, while acids convert it into a mixture of diazotised 
o-amino-benzaldehyde and o-nitroso-benzaldehyde, CHO[l]C 8 H 4 [ 2 ]NO, white 
needles, m.p. 110®. See also Bamberger, Ber. 42, 2573; 43, 3321; 51, 606, 
where further methods of formation are given. 

o-Hydroxylamino-benzaldoxime, HONH[ 2 ]C 6 H 4 CH:NOH, m.p. 120®, is 
formed by reduction of o-nitro-beiizaldoxime, or by the action of hydroxj^lamine 
on anthranil. Acids reconvert it into anthranil. In air it gives the oxime. ONj- 
(C6H4[2JCH0)2, m.p. 211®, of 2-azoxy-benzaldehyde, m.p. 119®, which is 
how^ever, more readily obtained by reducing o-nitrobcnzaldehyde acetal ana 
hydrclj’^sing the product. A peculiar reduction product of o-nitrobenzaldehyde 
C 14 H 12 N 2 O 5 , m.p. 99®, has been called agnoto-benzaldehyde, and the structural 
formula CHO[21C«H4N(OH) •0-N(0H)C«H4[2']CH0 has been assigned to it. 
It reacts as a molecular compound of o-nitro- and o-hydroxylamino-benzalde- 
hyde. It readily breaks down into its components, of which o-hydroxylamino- 
benzaldehyde splits off water and gives anthranil, but the presence of acetic an¬ 
hydride prevents water from being liberated, and N-acetyl-o-hydroxylamino- 
benzaldenyde, m.p. 132®, is formed {Bamberger, Ber. 36, 3664; 39, 4262, 4265; 
51, 613). 

Further reduction of m- and p-nitrobenzaldoxime-N-aldehydophenyl ether 
leads to the corresponding derivatives of azoxybenzaldoximes. These are de¬ 
composed by ferric chloride and give the m- and p-azos^benzaldehydes, ONt- 
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(CiHiCHO)^, m.p. 129'’ and 190'’^ and nitroso-benzaldehydes, NO*C«H 4 CHO. 
n-Azoxy-benzaldehyde is also obtained as an aniline compound, ON 2 (CeH 4 CH:- 
NPh)j, by the action of potash on ;>-nitro-benzyl-aniline, N02C6H4CH2NHPh. 
p-Nitroso-benzaldehyde combines with aniline to give the anil of phenyl>azo-p< 
benzaldehyde, PhN:NC«n 4 CHO, m.p. 120®. The acetal of this compound, 
together with the acetal of p-azobenzaldehyde, CHO*CeH 4 N:NC 8 H 4 CHO, m.p. 
238®, is also formed when a mixture of nitrobenzene and p-nitro-benzaldehyde 
acetal is reduced, o- and m-Azobenzaldehyde acetal, m.p, 144® and 150®, are 
obtained from the corresponding nitrobenzaldehyde acetals by reduction with 
zinc dust and soda. o-Azobenzaldehyde acetal is hydrolysed by dilute sulphuric 

/C(OH)v 

acid to y-hydroxy-fi-phenyl~indazole, C 6 H 4 ^ | ^NCeHs (Alway, Ber, 35, 

2434; 3d, 793; Am. Ch. J. 28, 34; Am. 24, 1052, 1060; Human, Ber. 36, 3469; 
Freundler, C.r. 134,1359; 135, 1116; Bull. [3] 31, 449; [4], 1, 234). 

H 

H ^ ^CH 


Anthranil, ^^y-Bemisoxazole, CeH 4 < 


4 > 


rA, 


99® (13 mm.) {Bamberger, Ber. 42, 1647), is an oil with a characteristic 
odour, volatile in steam. It is formed: (f) by careful reduction of o-nitrobenzal- 
dehyde with tin and acetic acid, or with ferrous salts and ammonia. o-Hydroxyl- 
amino-benzaldehyde would be expected to be formed, but is immediately de¬ 
hydrated. Its formation from o-nydroxylamino-benzaldehyde by the action of 
acids is explained similarly (p. 277). {2) When o-nitrosobenzyl alcohol is boiled 
with water anthranil is formed. {3) It is also obtained by treating di-mercuro-o- 
nitrotoluene with concentrated hydrochloric acid. (4) It is also formed from o- 
azido-benzaldehyde (page 279). (5) Oxidation of o-amino-benzaldehydc with 

permonosulphuric acid gives anthranil. Reactions {2) and {3) involve an in¬ 
ternal oxidation-reduction of the N- and C-atoms in the o-position (p. 60). 
Reaction (S) starts from the oxidation levels ''nitro’’ and ''methane,” and {2) 
from "nitroso” and "methylol,” and both lead to "hydroxylamino” and "alde¬ 
hyde.” The aldehyde nature of anthranil is proved by its re-con version into 
hydroxylamino-benzaldoxime by hydroxylamine, and by its conversion into 
mtroso-o-hydroxylamino-benzaldol^de by nitrous acid. The final stage of the 
oxidation and reduction of N and (5 is not yet attained in anthranil. This step 
is brought about by the action of caustic alkalis, which convert anthranil into 
anthramlic acid (p. 321). or of acetic anhydride, which gives the internal anhydride 
of aceto-anthranilic acia (p. 322). On the strength of these two transformations, 
anthranil was for some time regarded as an internal anhydride of anthranilic 

/CO 

acid, and formulated as a lactam, C«H 4 ^ I ; hence the name anthranil. This 

\nh 


formula, however, would imply that N and C exchange oxidation levels in the 
opposite direction in the conversion of anthranil into o-hydroxylamino-benzalde¬ 
hyde, and this is quite contrary to experience with the Beckmann transformation 
of oximes, and other reactions. Indeed anthranilic acid, on removal of water, 
is not converted into anthranil, but gives di-anthranilide (p. 324), a dimolecu- 
lar anhydride of totally different properties from anthranil. Other facts which 
support the formulation of anthranil as an internal anhydride of o-hydroxyl- 
amino-benzaldehyde are: the ease of reduction to o-amino-benz'aldehyde. which 
would be inconceivable with a derivative of anthranilic acid, and, especially, the 
close analogy of the reduction of o-nitro-acetophenone to C-methyl-anthranil 
(p. 286); the latter could not be formulated as a lactam, whilst its constitutional 
analogy with anthranil is proved by the absorption spectra of the two compounds 
(Scheiber, Ber. 44, 2409). A further analogy is furnished by the transformation 
of o-hydroxylamino-phenyl-glyoxylic acid into anthroxanic acid (p. 426), which 
is also a reaction which occurs spontaneously, and the course of which is known. 

Anthranil combines with mercuric chloride to give a characteristic double com¬ 
pound, CVHsONHgCl*, b.p. 178®,^ and with chlorine to give a dichloride, m.p. 
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77®, which is converted on heating into monochloro-anthranil, m.p. 79®, the 
benzene nucleus being chlorinated {Bamberger, Ber, 42, 1701). 

AMINOBENZALDEHYDES, NH2C6H4CHO. 0 - and p-Aminobenzaldehydes 
are obtained from their oximes by the action of ferric chloride. The oximes 
themselves are prepared by reducing 0 - and p-nitrobenzaldoxime with ammonium 
sulphide {Gabriel, Ber. 15, 2004; 16, 1998). o-Aminobenzaldehyde is also ob¬ 
tained from o-nitrobenzaldehyde, or anthranil. by reduction with ferrous sul¬ 
phate and ammonia {FriedlAnder, Ber. 17, 466). m-Aminobenzaldehyde is ob¬ 
tained from w-nitrobenzaldehyde by reduction with tin and acetic acid. Another 
method of preparing o- and p-aroinobenzaldchyde makes use of the action of 
alkali metal sulphides, or free sulphur and alkali, on nitrobenzyl alcohols or their 
derivatives, or on p-nitrotoluene {Bdeseken, Rec. 48, 474). In this reaction the 
nitro-group is reduced, and the side-chain is oxidised. Further^ aromatic amino- 
aldehydes are obtained by condensing halogeno-aldehydes with a^l sulphon- 
amides, in the presence of agents capable of combining with acids. The N-ary 1- 
sulphone-amino-aldehydes, CHO*C 6 H 4 NH*S 02 Ph, which are formed hydrolyse 
to amino-aldehydes (Br. Pat. 339,699). 

o-Aminobenzaldehyde, m.p. 39®; oxime m.p. 135® {Alway, Ber. 35, 2430: 

Gabriel, Ber. 36, 803). 

m-Aminobenzaldehyde, yellow, amorphous; oxime m.p. 88®. 
p-Aminobenzaldehyde, m.p. 70®; oxime m.p. 124® {Walther, J. pr. 56, 97). 

The anainobenzaldehydes are very unstable, and for the preparation of their 
derivatives the acetyl compounds are more useful; m.p. o-, 71®; m-, 84®; p-, 
161® {Friedldnder, Cohn, Mo. 24, 1. 87). 

o-Aldehydo-phenyl-glycine, CHO-C«H 4 NHCH 2 COOH, m.p. 176-177®, is 
obtained from o-aminobenzaldehyde oxime and chloroacetamide by boiling with 
dilute sulphuric acid {Gluvd, J. 103, 1251). For a quinoline derivative obtained 
from o-aminobenzaldehyde and 3-methylbutane-3-ol-2-one. see Scheibler, 
Ber. 55, 2903. p-Amino-benzaldehyde combines with carbon disulphide to give 
4-aldehydo-phenylthiocarbimide, CHO*CaH 4 N:CS, m.p. 32®, a suostance with 
the odour of heliotrope (Schimmers Ber. 1030, 302). 

p-Dimethyl- and p-diethyl-aminobenzaldehyde, m.p. 73® and 81®. are pro¬ 
duced by the action of alcoholic potash on condensation products of chloral and 
the alkyl-anilines, e,g,, p-dimethylamino-phenyl-trichloroethyl alcohol. Me 2 NCe- 
H4CH(0H) -CCU {Boessneck, Ber. 10, 365). They are also obtained by the ac¬ 
tion of acids on the condensation product of p-nitroso-dimethylaniline and p- 
dimethyl-amino-benzylidene alcohol^ anhydro-p-dimethylamino-benzaldehyde- 
p-dimethylaniline being an intermediate compound {Ingvaldsen, J. Biol. Chem. 
41, 145). p-Dimethyl-aminobenzaldehyde condenses with dimethylaniline to 
give hexamethyUleucaniline (c/. triphenyl-methane dyes). For other condensa¬ 
tion products of p-dimethyl-aminobenzaldehyde, see Sachs, Ber. 35,3569. Tetra- 
methyl-2,4-diaminobenzaldehyde, m.p. 8®, b.p. 203® (14 mm.), is obtained from 
tetramethyl-m-phenylene diamine by the action of chloral {Sachs, Ber. 41, 91). 

o-Aminobenzaldehyde diazotises readily in concentrated hydrochloric acid. 
Its diazonium salt gives o-azidobenzaldehyde, N8[2]CeH4CHO, m.p. 37®, with 
sodium azide. This compound is also formed from o-diazo-benzaidoxime an¬ 
hydride, N:N[ 2 ]C 6 H 4 C :N 0 H, m.p. 160®, an unusual rearrangement occurring 

when it is boiled with water, or treated with cold aqueous alkali. o-Diazo- 
benzaldoxime anhydride is obtained by diazotising o-amino-benzaldoxime. 
Similar reactions have been carried out with dimethyl-, dichloro-, and dibromo-o- 
aminobenzaldehydes. o-Azidobenzaldehyde loses nitrogen when heated alone, 
or with water, forming anthranil (p. 278). o-Azido-benzaldoxime, N8[2]C6H4- 
CH:NOH, m.p. 103®, behaves similarly, ^-hydroxy-indazole when boiled with 
sodium hydroxide {Bamberger, Ber. 35, 1^5): 

P-Hydrozy-indasole Anthranil 

Formation of heterocyclic compounds from o-^minohemaldehyde, —o-Amino- 
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benzaldehyde combines readily with compounds containing a CHaCO-group. 
especially in the presence of dilute sodium hydroxide. Water is eliminated and 
quinoline derivatives formed. o-Aminobenzaldehyde combines with acetalde¬ 
hyde to give quinoline.; with acetone it gives quinaldine; with malonic acid it 

g ves fi-carhostyril-carhoxylic add; and with urea it gives qumazolone {Eliaaberg^ 
er. 26, 1762; Gabriel, Ber. 28, 1037). Alcoholic ammonia converts the acyl-o- 
aminobenzaldehydes into quinazolines: 

CIUCHO 


^mh[2] 


(CH.)*CO 


CHj(COOH)i 


CO(NH,)* 


NNH.CO. 


NHt 


NH.COCH,I2] 


xCH-=CH 
-> 1 
^N - CH 

Quinoline 

yCH==CH 
-►CJlZ 1 

Quinaldine 

, /CH=€—COOH 

C«H4^ I 

^N=C(OH) 

jS-Carbostyril carboxylic 
acid 

yCH=N 

^cji4< r 

^NH—CO 

Quinazolone 

yCH==N 

1 

\n=c-ch. 

Benzo-2-methyl- 

metadiazine. 

a-methyl-quinazoline 


For the condensation of o-aminobenzaldehyde to anhydro-o^minobemaldehyde, 
(CtHjN)*. through the agency of zinc chloride, see Posner, Ber. 31, 658. 

Benzalaehyde-?77-8ulphonic acid, S03H*C6H4CH0, forms white deliquescent 
crystals {Kafka, Ber. 24, 791), Benzaldehyde-o-sulphonic acid is obtained by 
the action of sodium sulphite on o-chlorobenzaldehyde, and by the oxidation 
o,o-stilbeneHdisulphonic acid. Its chloride, m.p. 115®, gives saccharin (p. S3S) 
when treated with ammonia and subsequently oxidised by atmospheric oxygen 
(Ger. Pats. 94,947 115,410, and 119,163). In order to account for the fact that 
the chloride is stafcle towards phosphorus pentachloride, the formula 
^HClv 

yO has been suggested for it {Goldheryer, Mo. 37,125). Benzalde- 

hyde-mono- and -disulphonic acids are also produced when toluene-sulphonic 
acids are oxidised with manganese dioxide in fuming sulphuric acid (Ger. Pat. 
154,628). 


3. Aromatic Monoketones 

The oxidation products of secondary phenyl paraffin alcohols are 
mixed ketones, of which the CO-groiip is linked on the one hand to 
an aromatic and on the other to an aliphatic hydrocarbon residue. 
Ketones in which the CO-group links two aromatic hydrocarbon 
residues are also known, such as benzophenone or diphenyl ketone. 
These will be dealt with later, after the corresponding .hydrocarbons 
of the diphenyl-methane type. 

Method of preparation ,—The mixed aromatic-aliphatic ketones 
are usually prepared by the same reactions as those giving rise to 
aliphatic ketones (Vol. I, p. 256). They are obtained: 

1. From ethyl-benzene, and similar benzene homologues with 
two or more carbon atoms in the side-chain, by catalytic oxidation 
(Fr. Pat. 646,087; Ger. Pat. 522,265; U, S. Pat. 1,813,606). 

From secondary alcohols, such as phenyl-methyl carbinol, by 
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oxidation, or by an exchange of oxidation levels with an aldehyde or 
ketone {Ponndorf, Z. angew. 39, 138). 

Sa, From di-secondaty- and secondary-terliary-phenyl-ethylene glycols and 
ethylene oxides, by heating with dilute acid or alone {Fourneau, C.r. 141, 662; 
Tiffeneau, Ann. ch. ph. [81, 10, 322). 

CJI,CH(OH) CH(OH)CH, C,H»CHj CO CH. €.H,-(5 h o iH CH,. 

3h. By treating the iodohydrins of some olefine-benzenes with silver nitrate 
or mercuric oxide, when a migration of the phenyl group takes place (c/. p. 265): 

CeHsv 

>C (OH) • CHI • CH,-► CH, • CO • CH< 

CH,^ \CH, 

5c. By reduction of unsaturated ketones, such as benzylidene acetone, 
PhCH:CHCOCHa. 

4* By the action of sulphuric acid on phenyl-acetylene: 

PhC-CH -► PhCOCH,. 


Nv/dear ayntheseB, 

6a. By distilling a mixture of the calcium salts of an aromatic and an ali¬ 
phatic acid (c/. Sendere7i>s, C.r. 150, 111 ), oh. By passing the vapours of aro¬ 
matic mono- and di-carboxylic acids or of phenyl-fatty acids, mixed with an ex- 
cGvSS of the vapour of an aliphatic a(;id, over manganous oxide or thoria, heated to 
460® (Lakomkm, C. 1930, II, 3398; Fr. Pat. 698,230). 

6. By the action of zinc alkyls or mixed zinc organo-compounds on acid 
chlorides {Freund^ Ann. 118, 20 ; Mauthmr^ J, pr. 103, 391). 

7. By the action of alkyl magnesium iodides on aromatic nitriles, addition 
compounds are obtained, which are decomposed by mineral acids with the forma¬ 
tion of aromatic ketones {Blaise, C.r. 133, 217): 

/CH, 

CiHiC^N + CH,MgI-> C,H,C<C -► CJI,COCH,. 

^NMgl 

Phenyl cyanate, PhCNO, gives ketoximes with alkyl magnesium halides {Wieland, 
Ber. 40, 1672). 

8. By the action of aliphatic acid chlorides or anhydrides on 
benzene hydrocarbons in the presence of aluminium chloride or ferric 
chloride. Addition compounds of the acid chloride and the metallic 
chloride, c.gr., (AcCl)AlCl 3 , are first formed, and then these react with 
the hydrocarbons {BdesekeUy Rec. 20, 102; PerrieVy Ber. 33, 815; 
Kronbergy J. pr. 61, 494; Skraupy Ber. 57, 1294; Unger, Ann. 504, 
267). A mixture of a fatty acid and acid anhydride may be used 
instead of the chloride. 

9. By heating aryl-glycidic acids (p. 420), which arc easily synthesised by 
condensing aromatic aldehydes or ketones with a-chloropropionic ester and sodium 
ethoxide {Darzens, C.r. 142, 214): 

CJH,COCH,-> C,H,(CH,)6Ti^HCOOH-» CJJj(CH,)CHCO CH,. 

10. By the action of diazomethane on aldehydes {SchloUerbeck, Ber. 40, 
479). 

11. The hydrogen atoms adjoining the carbonyl group in alkyl-phenyl ke* 
tones can be replaced by alkyl groups by the action of sodamide and alkyl halides 
(Haller^ C.r. 148, 70; 149, 6 ; Dumesnil^ Ann. chimie, [9] 8, 70): 
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CeH*COCH,CH,-> C,H»C0 C(C2H5)2CH,. 

NaNHt 

IB, By decomposing /3>ketocarboxylic acids, e,g.. mono- and di-alkyl-benz- 
oyl-acetic acids (Baeyer, Perkin, Ber. 16, 2131), witn alcoholic potash, or from 
tertiary phenyl-carbinols, Ar‘OCR)(OH)Aik, which decompose on distillation 
in vacuo, at higher temperatures, into hydrocarbons, Aik • H, and ketones, Ar • CO • - 
R (Orignard, C.r. 182, 299). 

IS, Arylated-aliphatic ketones. Ar*CHR*CO*R, are formed by the action 
of concentrated sulphuric acid on aisubstituted aromatic aldehydes. Ar*C(R)2*‘- 
CHO, one alkyl group mi»ating. Thus, phenyl-dimethyl-acetaldenyde gives 2- 
phenyl-butan-3-one (Orediov, C.r. 182, 67). 

14^ Finally, acylated benzene hydrocarbons are formed by a rearrangement 
which the alkjrl ethers of phenyl-olefine alcohols undergo on heating. Since the 
latter are obtained by distilling acetophenone ortho-ethers, this method makes it 

g ossiblc to build up homologous acyl-benzenes from acetophenone {ClaUen, 
ler. 29, 2931): 

C.H5CO CH,-> C«H5C(0CH5|)2-CH,-► 


C6H4C(0CH2):CH2-► CeHsCO-CHs-CHa. 

Acetophenone and higher ketones are found in the heavy oil in the distillation of 
coal-tar (Weissgerher, Ber. 36, 654). 

Properties and reactions ,—^The mixed aromatic-aliphatic ketones 
are colourless liquids, insoluble in water. Some of them possess a 
pleasant smell. 

1. On reduction they give secondary alcohols or alkyl-benzenes 
(Darzens, C.r. 139, 868). For the catalytic reduction of these com¬ 
pounds with formic acid, see Mailhe, Bull. 21,61. 

2, On oxidation, (a) with chromic acid mixture, the ketones PhCOR split 
off the alkyl group, and give benzoic acid: (6) with potassium permanganate, a- 
ketocarboxylic acids are formed {Claus, J. pr. 41, 396; 46, 474; Feith, Ber. 24, 
3543). 

S. When phenyl-alkyl ketones are heated with yellow ammonium sulphide, a 
rather surprising reaction takes place, viz., the formation of acids and amides 
with the same number of carbon atoms (Willgerodt, J. pr. 81, 74, 382): 


CJI,COCHjCH,<^ 


Cai.CHsCH,COOH 

Cai,CH2CH2CONH, 


With increasing number of carbon atoms in the side-chain, the yield of car¬ 
boxylic acid decreases, there being no yield at all in the case of phenyl-heptyl 
ketone. 

4 . The mixed ketones are converted into benzene sulphonic acids by heat¬ 
ing with sulphuric acid (Krekeler, Ber. 19, 2623). 

5. Those ketones in which the CO-group is attached to the ring do not form 
bisulphite compounds. 6. Phenyl-alkyl ketone^seem to form only one oxime 
with hydroxylamine (c/. benzophenone), while benzaldehyde gives two. 7. 
They give phenylhydrazones with phenylhydrazine, 8, The aryL-methyl ketones, 
especially, form crystalline compounds with phosphoric and arsenic acids, which 
form the hydrocaroons on heating, the carbonyl group being split off (Klages, 
Ber. 32, 1549; 35, 2313): 9, When trialkyl-acetophenones in benzene solution 
are heated with sodamide, they decompose into benzene and trialkyl-acetamides 
{Haller, C.r, 148,127; 149, 5; Ann. ch. ph. [9], 1, 5); 

C,H.CO-C(CH,), CJI, + NHsCO C(CH,),. 


10, On reduction with amalgamated zinc and hydrochloric acid {Clemmensen, 
Ber. 47, 681), or by hydrogenation at 260-2^)® under pressure (Ipatiev, 
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G. 1930 If 2081), alkyl-benzenes are obtained. 11 . The hydrogen atoms of the 
acyl-group can be replaced, all or in part, by chlorine, by the action of hypo¬ 
chlorites {Gray, J. S3, 3494). 12 , When acted upon by diazoroethane. these 
ketones are converted partially into derivatives of ethylene oxide, Ar-C-Alfc-CHi, 

and partly, with the migration of the phenyl group, into aralkyl-alkyl-ketonea, 
which then react with more diazomethane to form altylene oxides (Mosettig, Mo. 
53, 427). IS. With cyanacetic ester and ammonia, cyclo-dicyano-glutarimides 
are formed, e.g., i8-benzyl-/3-methyl-a,a'-dicyano-gIutarimide from benzyl- 
methyl-ketone {Guareschi, Gazz. 48, II, 83). For the transformations of aro* 
matic ketones in the animal body see Tierfelder, Z. physiol. Ch. 131, 380. 

ACETOPHENONE, phenyUmeihyl ketone, CeHaCOCHa, m.p. 20®, 
b.p. 202®, crystallises in large leaflets. It is used as a perfume and 
as a soporific, under the name of hypnone. It is the chief constituent 
of the essential oil of StilUngia latifolia, and has been found in 
castoreum {Walbanm, J. pr. 117, 225). It is obtained by the general 
methods given above: (1) from phenyl-methyl carbinol; (2) from 
phenyl-acetylene; (3) from calcium benzoate and acetate; U) from 
benzoyl chloride and zinc methyl; (5) from benzene and acetyl chlo¬ 
ride in the presence of aluminium chloride or ferric chloride; {6) from 
benzaldehyde and diazomethane; (7) from benzoyl-acetoacetic ester, 
C 6 H 6 C 0 *CH(C 0 CH 3 )‘C 00 C 2 H 5 , and benzoyl-acetic ester; (8) from 
ethyl-benzene, (iso-)propyl-benzene, etc., by catalytic oxidation 
(Senseman, Ind. Eng. 25, 1286). Reactions (S) and (5) are used as 
methods of preparation. 

Acetophenone is readily reduced to phenyl-methyl carbinol, or, catal 3 d.ically by 
means of platinum or iron, to ethyl-cyclohexanone {Faillehin, Ann. chim. [ 10 ], 4, 
156). It is oxidised by chromic acid to benzoic acid, and by potassium perman¬ 
ganate to phenyl-glyoxylic acid. 

Like acetone, acetophenone has been used in many nuclear-synthetic reactions. 
A few of the simpler ones are: its condensation to dypnone, PhCOCH:C(CH 3 )- 
(Ph) {Konowalow, C. 1903, I, 621), and to l^S^S-lriphenyUbenzene {GastaUii, 
Gazz. 45, II, 251), two substances related to acetophenone in the same way as 
mesityl oxide and mesitylene are to acetone. Acetophenone condenses with 
benzaldehyde in various proportions^ giving rise to benzylidene-acetophenone, 
benzylidene-diacetophenone, and dibenzylidene-triacetophcnone {Kostanecki, 
Ber. 29, 1488). Acetophenone reacts with chloroformic ester and sodamide 
both as a ketone and in an enol form. In the first case, two hydrogen atoms of 
the methyl group are replaced by the carbethoxy group, and benzoyl-malonic 
ester is formed, while in the second case, the hydroxyl hydrogen and one hydrogen 
atom of the methyl group are replaced by carbethoxy and /3-carbethoxy-hydroxy- 
cinnamic ester is formed {Haller, Ann. chim. [ 10 ], 1, 275). 

Acetophenone combines with hydrogen cyanide to form the nitrile of a-phenyl- 
lactic acid. At high temperatures chlorine substitutes in the methyl group, but 
phosphorus pentachloride replaces oxygen, and forms acetophenone chloride 
{Ladenhurg, Ann. 217, 105). With amyl nitrite and sodium ethoxide, aceto¬ 
phenone forms ieonitroso-acetophenone, which will be dealt with later together 
with phenyl-glyoxal. With sodium ethoxide alone, a mixture of o-methyl- 
diphenyl-benzene and 4-(or 6-)benzoyl-3,6-diphenyl-toluene is produced (Gos- 
taldi, Gazz. 50, 71). Acetophenone reacts with ammonia, like the higher 
aliphatic ketones, to form acetophenone ammonia, (PhMeC) 8 Nf, m.p. 115® 
{Thomae, Arch. Pharm. 244, 663), 

Ortho-ethers of acetophenone, such as acetophenone-o-ethyl ether, acetophenone 
acetal, PhC(OEt) 2 Me, b.p. 107® (17 mm.), are obtained by action of orthoformic 
esters on acetophenone {Claisen, Ber. 40,3908). When heated at ordinary pres¬ 
sure, or, preferably, when treated with acid chlorides and pmdine {Claisen, Ber. 
31,1019), they lose alcohol, giving alkyl ethers of phenyl-olefine alcohols. With 
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sLniiine they form anils, such as acetophenone-anil, PhC:(NPh)Me, m.p. 41**, 
b.p. 310®. Acetophenone-ethyl mercaptoL PhC(SEt) 2 Me, is oxidised by per¬ 
manganate in the cold to a disulphone, PhC(S02Et)2Me, m.p, 120® (Poancr, 
Ber. 35, 2343). 

Acetophenone oxime, C6H6C:(N-OH)CH8, m.p. 59®, is known in 
only one modification {Hanizsch^ Ber. 24, 3482). In 1887, Beckmann 
(Ber. 20, 2580; Goldschmidt^ Ber. 23, 2746) discovered the remark¬ 
able rearrangement by which acetophenone oxime in acetic acid 
solution is converted into acetanilide, Ph-NHCOCHa, under the 
action of concentrated sulphuric or hydrochloric acid. This reaction 
is shown by many ketoximes. It is used to determine the position of 
the double bonds in higher olefine-carboxylic acids (Vol. I, p. 337), 
and to break down cyclic ketones. When hydroxylainine acts on 
cinnamic acid, acetophenone is formed together with /8-amino-hydro- 
cinnamic acid {Posner, Ann. 389, 118). Acetophenone phenyl- 
hydrazone, m.p. 105®. 

HOMOLOGUES OF ACETOPHENONE. Numerous homo- 
logues of acetophenone are known. They may be divided into two 
groups as follows. (A) Acylated benzenes, or ketones whose CO- 
group is attached directly to the ring, and {B) phenylated aliphatic 
ketones, of which the CO-group is not directly linked to the ring. 


(A) ACYLATED BENZENES have been made particularly by the general 
methods 5a, 7, 11, 12, and 13 (p. 281). 


Benzoylated paraffine 

Formula 

M.p. 

H.p. 

Propiophenone** 

CeHeCOCHaCHs 

21® 

210® 

But^ophenone 

CeH5CO(CH2),CH, 

11® 

231® 

Isobutjrrophenone^ 

CeHsCOCHfCH,), 

... 

222® 

Valerophenone 

C«H5C0(CH2)3CH8 

• . * 

248® 

Isovalerophenone 

CeHsCOCHsCHCCH*), 

... 

235® 

Tert.-butyl-phenyl ketone*’ 
Capronophenone** 

CeH.COC(CH,)8 

... 

110® 

CJH,COfCH,)4CH, 

C,H,COCH,-CHjCH(CH,), 

27® 

133® (14 mm.) 

Isoamyl-phenyl ketone 

. . . 

266® 

Diethyl-acetophenone 
Ethyl-dimethyl-acetophe - 

CJI,COCH (€ 2115)2 

. . . 

242® 

none* 

C,H,C0C(CH,)2C2H, 

. . . 

112® (10 mm.) 

Hexyl-phenyl ketone 
Propyl-dimethyl-acetophe - 

Cai5CO(CH,)5CH, 

17® 

166® (16 mm.) 

none* 

C,H,COC(CH,),C,H, 

... 

122® (10 mm.) 

Triethyl-acetophenone* 

CiHsCOCCCtH.), 

... 

146® (10 mm.) 

Lauroyl-benzene^ 

CJH*CO(CH2)ioCH, 

47® 


Palmitoyl-benzene 

Cja,CO(CH,)i4CH, 

69® 



« KiahnerJO. 1913, II, 2129. * Auwers, J. pr. 82, 132. « Nef, Ber. 45; 2772. 
* Schroeter, Ber. 40, 1601, • Haller, C.r. 148, 70. ^ Kipping, J. 67, 602. 


For benzoyl-cyclopropane and benzoyl-cyclobutane, see Vol. II, p. 25 and 
p. 38; the latter can be prepared from 'y-cnlorobutyrophenone by the action of 
potassium cyanide (Allen, Canad. J. 9, 169). 

Nuclear-acylated alkyUhenzenes: 

p-Acetyl-toluene, CH8CO[4] •C 6 H 4 [ 1 ] •CHi, m.p. 28®, b.p, 224®. 

1-Acetyl-3,4-(o)-xylene, b.p. 250®. 
l-Acetyl-2,4-(m)-xylene, b.p. 228®. 

Acetyl-p-xylene, b.p. 224®. 

Acetyl-mesitylene, b.p. 236®. 
l-Acetyl-2,3,5,-durene, m.p. 73®, b.p. 260®. 
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2-Acetyl-cymene, 2-methyl-5480propyl-acetopheiione, b.p. 124-125^ (12 mm.) 
{Alim, Org. Synth. 14, 1). 

Diisopropyl-acetophenone, b.p. 145-150^ (13 mm.), possesses an odour reminis¬ 
cent of musk (Ger. Pat. 502,333). 

p-Acetyl-toluene has been obtained by the action of concentrated nitric acid on 
cymene (p. 47). and acetyl-3,4-(o)-xylene has been obtained by the action of 
concentrated sulphuric acid on camphor or fenchone {Weygand, Ber. 58, 1825). 

{B) PHENYLATED KETONES have been prepared by methods 3, 5a, 6, 7, 
9,11, and 13 (p. 281): 

Phenyl-acetone, benzyl-methyl-ketone, C 6 HiCH 2 CO*CHi, m.p. 27®, b.p 216®. 

Benzyl-ethyl-ketone, C«H*CH 2 CO CH 2 CH 8 , b.p. 230®. 

Benzyl-acetone, CeH 6 CH 2 CH 2 -CO*CH 8 , b.p. 235®. 

Methyl-phenyl-acetone, C«H8CH(CH,) COCH,, b.p. 211®. 

For higher benzyl-alkyl-ketone.s of the type Ar • CHR • COR, see J uUim, Bull. 15), 
3, 1347. 

Benzyl-propyl-ketone, CeH 8 CH 2 COCH 2 CH 2 CH 8 . b.p. 244®, has been obtained 
from benzyl cyanide and propyl-magnesium iodiae, etc. {Blaise, C.r. 133, 217; 
Senderens, C.r. 150, 1336). 

Beni^l-methyl-ethyl ketone, PhCH 2 *CH 2 *COC 2 Hi, b.p. 251®, is obtained by 
reduction of a-benzylidene-methyl-ethyl ketone, or by distilling calcium hydro- 
cinnamate and propionate {Harries, Ber. 35, 971). ^ 

Methyl-( j8-p-tolyl) -propyl ketone, mrcitmone, CH3COCH2CHCH3 * C7H7(p), 
b.p. 130.5® (11 mm.), an optically active stibstanoe, is obtained by boiling cur¬ 
cuma oil with potash. Its racemic form has been prepared synthetically by 
Rupe (Helv. 7, 654) from p-methyl-acetophenone. 

Methyl-( ^-benzyl)-isopropyl ketone, CH3C0CH(CH2)CH2C7H7, b.p. 127-128® 
(8 mm.), is obtained from a-methyl-y-phenyl-butyryl chloride by the action of 
zinc methyl {Rupe, Helv. 14, 687). 

Methyl-(/3-phenyl)-isobutyl ketone, CHiCOCH 2 C(CH 3 ) 2 C«H 6 , b.p. 252® 
{Hoffmann, Am. 51, 2542). Pseudocumyl acetone, CHjCOCH8[l)CcH 2 [2,4,5]- 
(CH 3 )s, m.p. 69-70^, is found in crude wood-tar {Holmberg, Sv. kem. 40, 304). 
Methyl-(y-p-tolyl)butyl ketone, homocurcumone, CH 8 COCH 2 CH 2 CHCH 8 • C 7 H 7 
(p), b.p. 141® (11 mm.), has been prepared synthetically by a method similar to 
rurcumone, from the corresponding ketone {Rupe, Helv. 9, 992), spm-Tetra- 
phenyl-acetone, (C«H 6 ) 2 CHCOCH(C 6 Hft) 2 , m.p. 134® is produced by the action 
of sodium on dissolved, or molten, diphenyl-acetic ester {Vorl&nder, Ber. 56, 
1125). 

For the action of diazomethane on phenylated aliphatic ketones, see Mosetiig, 
Mo. 53/54, 427. 

SUBSTITUTED ACETOPHENONES. HALOGEN-SUBSTITUTED ACETO¬ 
PHENONES, Acetophenones halogenated in the methyl group will be dealt 
with in connection with the corresponding oxygenated compounds; c/. benzoyl 
carhinol, p. 403, phenyUglyoxal, p. 407, and phenyl-glyoxylic acid, p. 422. p- 
Halogeno-acetophenones, such as Cl-C 6 H 4 *COCHs, are obtained by the action 
of hcdogeno-benzenes on acetyl chloride in the presence of aluminium chloride 
(Gauthier[2 ], 43, 602; Collet, Bull. [3], 21, 68; Schweitzer, Ber. 24, 997; 
Schoepff, Ber. 24, 3766; Bdcseken, Rec. 27, 5). 


(18 mm.). 

For iodide-chlorides and iodoso-compounds of p-iodo-acetophenone, and other 
ketones, see Werner, J. 89, 1625; Caldwell, J. 91, 240; Willgerodt, Ann. 389, 
292. 

Nitro-acetophmon^, —^When the nitration of acetophenone is carried out at low 
temperatures, m-nitro-acetophenone is the chief product (m.p. 77®), Some 0 - 
nitro-acetophenone and a very small amount of the p-compound are formed at 
the same time {Morgan, Ind. Eng. 55, 29). With rising temi^rature, the yield 
of m-nitro-acetophenone decreases through the formation of its fso-nitroso-deriva- 
tive (Ar, Pharm, 240, 1). The three isomeric nitro-acetophenones, NOa-CeHi*- 
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CO'CHi, are obtained from the three nUroherizoyl^acetoaceiic esters (q.v,) (Oeve- 
koht^ Ann. 221, 326; Krermack, J. 1929, 814). p-Nitro-acetophenone is also 
formed by the action of concentrated sulphuric acid on p-nitrophenyl-pro'^lic 
acid (p. 480), by the hydration of the nitro-phenyUacetytene first produced (cf, 
method 4, p. 281) (Drewson, Ann. 212, 160). 

o-Nitro>acetophenone, b.p. 169® (16 mm.); oxime, m.p. 116®. 
m-Nitro-acetophenone, m.p. 81®; oxime, m.p. 131®. 
p-Nitro-acetophenone, m.p. 80®, oxime, m.p. 172®. 

o-Nitro-acetophenone oxime is obtained by the action of amyl nitrite and 
sodium ethylate on o-nitro-ethylbenzene, N 02 C«H 4 C 2 H* (c/. nitrobenzaldoximes, 
p. 276) (Ger. Pat. 109,663). 

m-Dinitro-acetophenone, m.p. 83®, is prepared by the action of sulphuric acid 
on dinitrobenzoyl-acetoacetic ester (Berend, J. pr. 65, 290). Dinitro-tert.-butyl- 
acetyl-m-xylene, keio-musk, C#(CHa)2ll,3] (COCHa) [2]C4H9[6] (N02)2[4,6], m.p. 
134® {Tshitshihahin, Bull. 51, 1436). 

By gentle reduction with zinc and ammonium chloride, or tin and acetic acid, 
o-nitro-acetophenone is converted into o-hydroxylamino-acetophenone anhydride, 

< C*GH8 

I b.p. Ill® (10 mm.), a colourless oil, 

which is readily volatile in steam. Like anthranil, it forms a double compound 
with mercuric chloride. On further reduction it gives amino-acetophenone, and 
on heating under ordinary pressure, it rearranges to indoxyl and indigo {Gevekoht, 
Ann. 221, 326; Bamberger, Ber. 36, 1611). For m-hydroxylamino-, azoxy-, ana 
azo-acetophenones, see Bamberger, Ber. 36, 1618, and Elbs, Z. Elektroch. 9, 428. 

Amino-acetophenones, o-, m-, and p-amino-acetophenones, NH2C9H4COCH1, 
have been obtained by reducing nitro-acetophenones {Gevekoht, Ann. 221, 326; 
Nord, Ber. 52,1706); the o-compound has also been obtained by boiling o-amino- 
phenylprapiolic cLdd with water, by treating o^mino-phenylacetylene with concen¬ 
trated sulphuric acid (Baeyer, Ber. 15, 2163; 17, 964)^ and in small yield, to¬ 
gether with p-amino-acetophenone, by boiling aniline with acetic anhydride and 
zinc chloride (Klingel, Ber. 18, 2688). 

o-Amino-acetophenone, b.p. 136® (12 mm.), is an oil, with a sweetish odour 
{Camps, Ber. 32, 3232). 

m-Aniino-acetophenone, m.p. 99® {Rupe, Ber. 34, 3622). p-Amino-aceto- 
phenone, m.p. 106®, oxime, m.p. 147® {Muenchmeyer, Ber. 20, 512). 

If a pine chip is dipped into an aqueous solution of o-amino-acetophenone 
hydrochloride, it is coloured an intense orange-red. For the halochroism of aro¬ 
matic aminoketones, see Pfeiffer, Ann. 441, 228, 265). 

0 -, W-, and p-AcetyUamino-acetophenone, CHsCONH *06114000113, m.p. 77®, 
129®^ and 167®. The p-compound may be obtained by a rearrangement of diace- 
tanihde, by heating with hydrochloric acid or zinc chloride {Chattaway, Proc. 19, 
60). 

N-Anisal-p-amino-acetophenone, OH3OO6H4OH : N • O6H4 • OOOH3 , is remark - 
able for the ease with which it forms liquid crystals ( Vorl&nder, Z. Krist. 79, 61). 

Formaiion of heterocyclic compounds from aromatic o-aminoketones, —I. When 
o-amino«acetophenone is digested with acetone and sodium hydroxide, dimethyl^ 
quinoline is formed {Fischer, Ber. 19, 1037). 

o-Acetyl-amino-acetophenone condenses in the presence of sodium hydrox¬ 
ide to a^meihyl^y^hydroxy^ and a'-hydroxy^^methyUguinoline {Camps, Ber. 32, 
3228). 

5. When phenyl-acetone (p. 285) or benzyl-acetone is nitrated, oily nitro¬ 
compounds are formed, which give jS-methyl-dihydro-ketol and tetrahydro- 
quinaldine on reduction {Jackson, Ber. 14, 889). The o-amino-compounds, 
^sibly o-amino-alcohols, which are the primary products, form internal an- 
nydrides: 



[l]COCH, 

[21NH, 


+ 


CH, NaOH ^ /C(CH,)=CH 

io-CH, * ‘®*nN==<!5-CH, 

Dimethyl-quinoline. 
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/C(OH):CH 
C,H< 1 - 

\N-CCH, 

.[IJCOCH, 

- CeHi^ — 

\[2]NHCOCH, 

/C(CH,);CH 
C.H4< I 

\N-C(OH) 

Hydroxy-methyl- 

quinoline. 

CaHiCHjCOCH, -> 

/ .[lICHjCOCHA 

( C,H4< ) — 

yCHt. 

-» C,H4< >CHCH, 

Dihydro-/J-methyl- 

indole. 

QHjCHaCHjCOCH, -h. 

/ /[l]CHiCH,COCH,\ 
V \[2]NH. J 

yCHr-CH, 

' ^NH—CHCH, 


Tetrahydro- 

quinaldine. 


Phenyl-ketene, Ph • CH: CO, is known only in solution. It is produced by the 
action of zinc filings on phenyl-chloroacetyl-chloride, and polymerises during 
isolation, Phenyl-methyl-ketene PhCMe:CO, b.p. 74® (12 mm.), is obtained 
from a-phenyl-a-chloropropionyl chloride {Stamlinger^ Ann. 380, 278). Di- 
phenyl-ketene, PhjCiCO, see p. 654. 

4 . Aromatic Monocarboxylic Acids 

The aromatic carboxylic acids are derived from benzene and its 
homologues by introducing a carboxyl group in place of a hydrogen 
atom. This group may be directly linked to the nucleus, as in the 
benzene-carboxylic acids, or it may replace the hydrogen of an alkyl 
group in a side-chain: 

CeHfiCOsH C6H4(C02H), C.H,(C02H), C6(C0,H)« 

Benzoic acid Phthalic acids Benzene-tricarboxylic Mellitic acid 

acids 

CH, • CeH 4 • CO 2 H (CH,)2C6H,C02H CeH^CH, • CO 2 H C6H,CH,CH,CO,H 

Toluio acids Xylic acids Phenyl-acetic acid Hydrocinnamic acid or 

or a-toluic acid /3-phenyl-propionic acid 

It is only the monocarboxylic acids that will be discussed here. 

General methods of formation, — 1. Although the aliphatic mono¬ 
carboxylic acids cannot be obtained by direct oxidation of the paraf¬ 
fins, the aromatic acids can be readily obtained from homologues of 
benzene by oxidising the side-chain to carboxyl. The importance of 
this reaction in establishing the constitution of compounds has 
already been referred to (p. 12). The most suitable oxidising agents 
are chromic acid, dilute nitric acid, potassium permanganate, and 
potassium ferricyanide. 

(a) Oxidation with chromic acid. Only the para- and meta-derivatives of aro¬ 
matic hydrocarbons, with two side-chains, are oxidised to acids by chromic acid. 
The para-compounas are more readily attacked than the meta-, and the ortho¬ 
compounds are either unattacked, or completely destroyed. In substituted 
alkyl-benzenes, the alkyl-group may be protected against oxidation by chromic 
acid by a negative group in the o-position to the alkyl group {WrohlewskL Ber. IS, 
1021). Oxidation is carried out with chromic acid in glacial acetic acia, or with 
a mixture of potassium dichromate (3 parts), and 30-60% dilute sulphuric acid 
(3 parts). 
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(6) Oxidalion with nitric add. To prevent nitration, nitric acid diluted with 
3 parts of water is used, and the mixture is boiled for some time. Konowaloff 
states that phenyl-nitro-paraffins are first formed, and that these are further oxi¬ 
dised to carboxylic acids. To remove the nitro-acids, which are invariablv 
formed, the crude product is digested with tin and concentrated hydrochloric acid. 
This treatment converts the nitro-acids into amino-acids, which dissolve in 
hydrochloric acid. 

Where a derivative has two different alkyl groups, the higher is usually attacked 
first by both nitric and chromic acid. Ketones are sometimes formed as inter¬ 
mediate products (see cymene, p. 47). 

(c) Potassium permanganate and calcium permanganate (Ullmann^ Ber. 36, 
1797) will often bring about the oxidation at ordinary temperatures. In this 
case, ortho-di-derivatives may sometimes be oxidised without Complete destruc¬ 
tion of the benzene nucleus. 

(d) Potassium ferricyanide oxidises the methyl group to carboxyl if there is 
a nitro-group in the ortho-position to the methyl. The oxidation does not take 
place if the nitro-group is in the meta-position {Noyes, Am. Ch. J. 11, 161). 

Oxidation of the corresponding aromatic alcohols and alde¬ 
hydes. 

3, By the addition of hydrogen to uiisatiirated monocarboxylic 
acids. Thus, cinnamic acid is converted into hydrocinnamic acid. 

4 , By reduction of phenylated hydroxy-fatty acids, phenylated 
halogen-substituted fatty acids, and phenylated ketonic acids. 

6 . Acids and amides with the same number of carbon atoms are 
obtained by heating the phenyl-alkyl ketones with ammonium 
sulphide. 

The above reactions may be summarised as follows: 

1. C,IIj CH, —> C.H5COOH. 

C,H, CHjOH -^ CiHiCHO-► C,H»COOH. 

5. C,H 5 CH==CH-COOH C,H.CHiCHjCOOn. 

4. C4I. CH(OH)-COOH —» Cai,CH, COOH. 

4 m 

C,H, CO COOH -. C,H.CH, COOH. 

C,H, CHCl COOH .> C,H,CH,-COOH. 

6 . C,H,CO-CH,CH, - ^ - 4 Cai,CH,-CH,.COOH. 

Nuclear syntheses 

6a. By the action of carbon dioxide on aryl magnesium halides. 
Thus, phcnyl-ma^esium iodide gives benzoic acid, and benzyl- 
ma^esium chloride, phenyl-acetic acid. 6h. By the action of 
sodium and carbon dioxide on monobromobenzenes (Kekule) or of 
carbon dioxide on aromatic hydrocarbons in the presence of alumin¬ 
ium chloride under high pressures and at high temperatures (Br. 
Pat. 307,123). 

7 a. By the action of sodium and ethyl chlorocarbonate on bromo- 
benzenes (Wurtz). 7b. By the action of carbon monoxide and 
steam on chlorobenzene, in the presence of catalysts, under pressure at 
300* (Maracek, Chem. Obzor. 7,171). 
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8. By fusion of salts of the sulphonic acids with sodium fonnate or 
alkali cyanide. 

9. By the action of carbonyl chloride on benzene in the presence 
of aluminium chloride. This reaction gives rise to acid chlorides. 

10a. Urea chlorides in the presence of aluminium chloride act on 
the benzenes in a similar way to carbonyl chloride. Amides are the 
first products. The urea chlorides can be replaced by {lOh) cyanuric 
acid, or by nascent cyanic acid and hydrogen chloride. 10c. With 
phenyl isocyanate, anilides are obtained. lOd. With phenyl-mustard 
oil thioanilides are formed (Gattermann, Ber. 32,1116; J. pr. 59,572). 

11. By the action of benzene and aluminium chloride on aliphatic 
lactones or unsaturated carboxylic acids containing a double bond 
(Eijkman, Weekbl. S, 655). 

19. Through the nitriles. These may be synthesised as follows: 
(a) by fusing the sulphonates with potassium cyanide. (6) by the 
action of potassium cyanide on phenyl-alkyl chlorides, (c) by heating 
bromo-nitro-benzene with potassium cyanide; (d) by the action of 
potassium cyanide and copper sulphate on diazonium salts; (e) by 
heating the isonitriles. The nitriles are converted into carboxylic 
acids by boiling with mineral acids, or alkalis. 

Nudear aytUheset: 

6. C,H,MgI + CO,-» C,H*COOMgI. 

7a. C,H,MgBr + C.H.OOCCI + 2Na- * CJI.COOCjH, -f- NaCl + 

NaBr. 

7b. C,H,C1 + CO + H,0-> CJl,COOH + HCl. 

8 . C,HifiO,Na + HCOONa-»• COliCOONa + NaHSO,. 

9. C«H, + COCl, > C«H,COCl + HCl. 

10 a. CtlU -f- CI CONH, -> C,H,CONH, + HCl. 

10 b. C«H, + CO:NHC,H,CONH,. 

10 c. CJI, + CO: NCA ■ > CJliCONHCJIfc 

lOd. COI, -I- CS:NC,H, ■ > C,H,CSNHC,H,. 

11 . C,H, -f CH,CH:CH COOH CJl,(CH,)CH-CH,.COOH. 

ISa. C,H,SO,K + KCN-» C,H,CN + K,SO.. 

m. C,H,CH,C1 + KCN- *■ C,H.CH,CN + KCL 

19e. C,H 4 BrNO, -H KCN -» C,H 4 (NO,)CN KBr. 

m. c,Hjsr,ci + KCN- * c,h,cn + n, -i- kci. 

IZe. C,H,NC-► C*H,CN. 

13» Phenyl-pyruvic acids (p. 428) (readily obtainable by nuclear syntheses, 
since they are the condensation products of aldehydes and hippuric acid) are oxi¬ 
dised to monocarboxylic acids by hydrogen peroxide (Mauthner, Ann. 370, 368), 

C.H»CHO- > C^H^GHjCOCOOH-► CeH»CH*COOH. 

14> By the action of phenyl-alkyl chlorides, such as benzyl chloride, on sodio- 
acetoacetic ester, and decomposition of the ketonic esters obtained (e.g,, benzyl- 
acetoacetic ester) by alkalis. 

15. By the thermal decomposition of phenyl-substituted malonic acids, e.g., 
benzyl-malonic acid. 

16. Esters of aromatic monocarboxylic acids are produced when the vapKiurs 
of dicarboxylic acids, or their anhydrides are passed with the vapours of alcohols, 
over suitable catalysts at high temperatures (Ger. Pat. 606,437). 
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' 17. By the action of sodium on the acetates, propionates, etc,, of the phenyl- 
carbinols. Thus, benzyl acetate gives benzyl phenyl-propionate, and benzyl 
propionate gives benzyl j9-phenyl-butyrate. This reaction recalls the synthesis 
of acetoacetic ester. (Vol. I, p. 466.) In this synthesis alcohol was split off 
undir the influence of sodium, whereas in the present reaction, acetic acid is set 
free: 


CtiiiOoccHa: H: 
CH,(!30 ; OC,H, 


C,H.CH,OOC CH,: H \ 

: odccif,': 


ActoBCetio ester Bensyl |3-phenyl-piopionate 

In addition to the above, unsaturated acids are formed by secondary reactions, 
phenyl-acrylic acid (cinnamic acid), and phenyl-crotonic acid being formed, for 
example (Conrad, Ann. 193, 321; 204, 200): 

COOCHiCiH, COONa 

I -I- Na - I + CsH.CH, + II. 

CH,CHjC,H, CH:CHC,H, 


Occurrence, properties, and reactions. —^The aromatic acids occur in 
nature to some extent in the free state, and also as compounds in 
many resins and balsams, and essential oils. They are also found in 
the animal organism (see benzoic acid). They are also formed in the 
decay of proteins (see hydrocinnamicacid) (Salkowski, Ber. 16,2313). 

The aromatic acids are crystalline solids, which usually sublime 
without decomposition. Most of them are difficultly soluble in cold 
water, and are therefore precipitated from solutions of their salts by 
the addition of mineral acids. Electrolytic reduction (Ger. Pat. 
123,554; Mettler, Ber. 39, 2933 ; 41, 4148), sodium amalgam, or zinc 
dust, will reduce some to aldehydes or alcohols, while heating with 
concentrated hydriodic acid, or phosphonium iodide, will convert 
them into hydrocarbons. Their salts are converted into salts of 
hexahydro-acids on hydrogenation (Ipatiev, Ber. 59, 306, 2028). 
When heated with lime, or better with soda-lime, they lose their 
carboxyl groups, and hydrocarbons are formed (c/. methane, Vol. I, p. 
92). When polycarboxylic acids are heated with lime, acids with 
fewer carboxyl groups are formed as intermediate compounds. 
Thus, phthalic acid gives first benzoic acid, and then benzene. 

The hydrogen atoms in the benzene nucleus of the acids can be sub¬ 
stituted by the NOj, SO 3 H, NHj, OH, etc., groups, in a similar way to 
those of the hydrocarbons and phenols. In other respects they re¬ 
semble closely the fatty acids, and give rise to corresponding deriva^ 
tives by replacement in the carboxyl group. 

Benzoic acid, C*H 3 *COOH, ra.p. 120°, b.p. 250°, occurs in the 
free state in some resins, especially in gum benzoin (from Styrax 
benzoin), and in dragon’s blood (from Daemonorops Draco). It 
occurs as its benzyl ester in balsam of Peru, and balsam of tolu. 
It is found as hippuric acid (a compound of benzoic acid and glycocoll) 
in the urine of herbivorous animals. 

It is produced by general methods 1 and 2 from toluene {Ullmann, 
Ber. 36, 1798), benzyl alcohol, and benzaldehyde by oxidation, and 
from all hydrocarbons, alcohols, aldehydes, ketones and their derive- 






BENZOIC ACID 


291 


tives, which are derived from benzene by the replacement of one 
hydrogen atom by a univalent side-chain. Benzoic acid can also be 
prepared by the oxidation of pure benzene; diphenyl is probably 
formed first {KekuU, Ann. 221,234). Toluene can also be converted 
into benzyl chloride, and this can then be oxidised to benzoic acid; 
or benzotrichloride can be heated with water, concentrated sulphuric 
acid, or anhydrous oxalic acid, giving benzoic acid. It can also be 
obtained by the nuclear syntheses 6 , 7, 8 , 9,10, and 12 from benzene, 
bromobenzene, sodium benzene sulphonate, and from aniline through 
phenyl diazonium chloride or phenyl-carbylamine. Finally it may 
be obtained by the addition of carbon dioxide to benzene in the 
presence of aluminium chloride. 

History, —Benzoic acid was obtained by sublimation of gum benzoin at the 
beginning of the seventeenth century. In 1776, Scheele extracted the acid from 
the gum by means of lime water, the acid being precipitated from the solution of 
its calcium salt by the addition of an acid. In 1832, Liebig and Wohler^ in the 
course of their classical work on the benzoyl radical, determined the elementary 
composition of the acid, and showed its connection with benzaldehyde. They 
also obtained the simpler derivatives of the acid. This investigation produced 
such a profound impression on Berzelius that he suggested that the name of the 
new radical which contained more than two elements, and which had been called 
ben74oyl by Liebig and Wohler, should be prom, or orthrin, from the Greek words 
7 rp(al, meaning the beginning of day, or dp^pds meaning dawn, because he con¬ 
sidered that the discovery meant the dawning of a new day for organic chemistry. 
In 1834, Mitscherlich distilled benzoic acid with lime and obtained benzene, and 
this led him to regard the acid as a derivative of this hydrocarbon. From that 
time, and especially since the establishment of the benzene theory by KekuU, 
benzoic acid has been very largely used as the starting substance for the prepara¬ 
tion of a very large number of products. It is the carboxylic acid which has been 
most exhaustively investigated. The study of its derivatives has been greatly 
facilitated by the fact that, like the acid itself, they crystallise readily. 

Preparation, —One method of obtaining the acid is to sublime gum benzoin, or 
boil the resin with milk of lime, and precipitate the benzoic acid from the calcium 
benzoate formed by the addition of hydrochloric acid. It may also be obtained 
by boiling hippuric acid with hydrochloric acid. It is formed when benzyl chlo¬ 
ride is boiled with dilute nitric acid {Gabriel, Ber. 10, 1275), and when phthalic 
anhydride is treated with superheated steam in the presence of catalysts capable 
of removing a carboxyl group, such as chromium, tungsten, or aluminium com¬ 
pounds (Fr. Pat. 692,521). When calcium phthalate is heated with calcium 
hydroxide to 350®, benzoic acid is formed. The hydrolysis of sulphobenzoic acids 
(Ger. Pat. 101,682), and the oxidation of toluene with chromic acid mixture 
{Magidson, Zhurnal. 5, 1102) also give benzoic acid. Toluene vapour may also 
be oxidised by atmospheric oxygen with tin vanadate as a catalyst {Huitetna, J. 
Phys. Ch. 40, 531). 

Properties and reactions .—Benzoic acid crystallises from hot water, 
in which it is very soluble, in white, lustrous flakes. It sublimes 
readily, and is volatile in steam. It is difficultly soluble in cold water 
(1 part in 600 of water at O'*). Its vapour possesses a distinctive 
odour, and produces coughing and sneezing. The benzoic acid of 
pharmacy is obtained by the sublimation of Siamese gum benzoin. 

When heated with lime the acid gives benzene and carbon dioxide. 
On reduction it gives tetra^ and hexa-hydrohenzoic acids. 

Salts .—The benzoates are usually quite readily soluble in water. Ferric chloride 
gives a reddish precipitate oi ferric benzoate with a neutral solution of a benzoate. 
The potassium salt, 2CeHftC00K'H20, crystallises in concentrically grouped 
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needles. The calcium saltf Ca(CiH5C02)2* 3 H 2 O, forms lustrous prisms or needles. 
The silver salt, C^HftCOOAg, crystallises from hot water in lustrous Hakes. It is 
difficultly soluble in alcohol (Liehermann, Ber. 35, 1094). 

Pentadeutero-benzoic acid, m.p. 121°, is obtained from CtDtMgBr and carbon 
dioxide (Erlenmeyer, Helv. 19, 793). 

HOMOLOGUES OF BENZOIC ACID. These compounds, like 
the homologues of benzaldehyde and acetophenone, can be arranged 
in two groups—the alkyl-benzoic acids, in which the carboxyl group is 
attached to the benzene nucleus, as in benzoic acid itself, and phenyl- 
fatty acids, in which the carboxyl group is in an aliphatic side chain 
of an alkyl-benzene. The members of the first class, will, of course, 
be more closely related to benzoic acid, than members of the second. 

ALKYL-BENZOIC ACIDS. Toluic or methyl-benzoic acids, 

COOH, are isomeric with phenyUaceltc <icid (p. 293). They are obtained from the 
three xylenes by oxidation with dilute nitric acid; from bromo- and iodo-toluenes 
by syntheses 6 and I, and from the three toluidines by method l$d, o-Toluic 
acid has been prepared from phthalide by reduction with hydriodic acid {Racine, 
Ann. 239, 71), and is formed when 1,3-naphthalene derivatives, such as 1,3- 
dihydro^-naphthalene. 1,3-naphthalene disulphonic acid, and 1,3-naphthoi- 
sulphonic acia are fused with alkali, the ring being broken (Friedldndcr, Ber. 29, 
1611). p-Toluio acid is obtained by oxidising cymeno (p. 47) with dilute nitric 
acid. 

o-Toluic acid, m.p. 107°, b.p. 258°. 

m-Toluic acid, m.p. 112°, b.p. 263°. 

p-Toluic acid, m.p. 181°, b.p. 275°. 

For derivatives of toluic acid?^ «ce van Scherpemeel, Rec. 20, 149. 

Ethyl-benzoic acids, C 2 H 6 C 4 COOH. The three isomers are known. Their 
m.p.'s are: o- 68 % m- 47°, p- 112 ° (Voszwinckel, Ber. 21 , 2830; Aschenhrandt, 
Ann. 216, 218), The o-acid has been obtained by reduction of acetophenone-o- 
carboxyhc acid, of methyl-phthalide {Giehe, Ber, 29, 2533), and of phthalacetic 

acid, 6cO[ 11 C«H 4 [2]^; CHCOOH, with hydrogen iodide {Gabriel, Ber. 10, 2206), 
and of chloro-vinyl-benzoic acid with sodium amalgam {Zincke, Ber. 27, 2761). 

DIMETHYL-BENZOIC ACIDS, (CH 8 ) 2 C«H 8 COOH, Mesityl- 
enic acid, the most important of the isomerides, is formed by 
oxidation of raesitylene (sym- or 1,3,5-trimethylbenzene) with dilute 
nitric acid, and when heated with lime is converted into iso- or m- 
xylene. It was by these reactions that it was demonstrated that m- 
xylene and its oxidation products, m-toluic and isophthalic acids, are 
m-di-substitution products of benzene. When further oxidised 
mesitylenic acid gives uvitic and Irimesic acids, 

1.2- Dimethyl-3-benzoic acid,® hemellilic add, m.p. 144°. 

1.2- Dimethyl-4-benzoic acid,^ p-xylic add, m.p. 166°. 

1.3- Dimethyl-2-benzoic acid,® m.p. 116°. 

1.3- Dimethyl-4-benzoic acid,^* m-xylic acid, m.p. 127°. 

1.3- Dimethyl-6-benzoic acid,® mesitylenic add, m.p. 170°. 

1.4- Dimethyl-2-benzoic acid/ iso-xylic add, m.p. 132°, b.p. 268°. 

PROPYL-BENZOIC ACIDS, C 8 H 7 -C 6 H 4 COOH, 0 -, and p-n- 
propyl- and 0 - and p-f30-propyl-benzoic acids are known. The p-iso- 

® Jacobsen, Ber. 19,2518. ^ Lellrmnn, Ber. 24, 2115. ® Noyes, Am. Chem. J. 
20| 813. ^ B&eseken, Rec. 26,287. • Ctamidfin, Ber. 46, 418. ^Gattermann, 

Ann. 244, 54. 
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propyl acid, cuminic add, the oxidation product of cuminai (p. 270) 
(.Meyer, Ber. 11,1790), is the most important of them. It is produced 
in the animal organism by oxidation of cymene (p. 47). Chromic 
acid oxidises it to terephthalic acid, and potassium permanganate 
converts it into p-hydroxy-isopropyl-benzoie and p-acetyl-benzoic 
acids. 

o-n-Propyl-benzoic acid, m.p. 68 ® (Gabriel, Ber. 11 , 1014). 

p-n-Propyl«benzoic acid, m.p. 140® (Kdriisr, Ann. 216, 228). 

o-i«o-Propyl-benzoic acid, m.p. 51® (Kothe, Ann. 248, 63). 

Ctuninic acid, p-i«o-propyl-benzoic acid, m.p. 117® (Meyer, Ann. 219, 279; 

Gatterrnann, Ber. 20 , 860). 

TRIMETHYL'BENZOIC ACIDS. Five of these are known. Durylic acid is 
obtained from durene, and /3-, and 7 -isodurylic acids from isodurene (Jan- 
nasck, Ber. 27, 3446), by oxidation with dilute nitric acid. ^-Isodurylic acid, 
or mesitylene-carboxylic acid, can also be obtained from acetyl-mesitylene (p. 
284) (Feith, Ber. 25, 603), or from mesitylene magnesium halides with carbon 
dioxide (Bamford, J. 97, 1904). 

1.2.3- Trimethyl-4-benzoic acid, m.p. 167®.* 

1.2.3- Trimethyl-5-benzoic acid, a^isodurylic acid, m.p. 216®. 

1.2.4- Trimethyl-5-benzoic acid, durylic acid, m.p. 161®. 

1.2.4- Trimethyl-6-benzoic acid, y-isodurylic acid, m.p. 127®. 

1.3.5- Mesitylene-carboxylic acid, fi-isodurylic acid, m.p. 152®. 

TETRAMETHYL-BENZOIC ACIDS. Several of these are known: 1 ,2,3,4- 
tetrametkyl-b-henzoic acid, m.p. 165®, is the oxidation product of pentamethyl- 
benzene (Gotlschalk, Ber. 20 . 3287); l,2^,5-tetramethyl-6-hemoic add, durcue- 
carboxylic acid, m.p. 165® (Gatterrnann, Ber. 32, 1118); 2 ,S,5,6-’tetramclhyl-\‘‘ 
benzoic acid, m.p. 179® (Jacobsen, Ber. 22 , 1221 ). 

Pentamethyl-benzoic acid, (CH 3 ) 6 C«-COOH, m.p. 210®, is made by methods 
6 and 9, above (Jacobsen, Ber. 22, 1221; Griguard, C.r. 198, 625). 

PHENYL-FATTY ACIDS« The most important representatives 
of this class are phenyl-acetic acid, or a-toluic acid, j8-phenyl-propionic 
acid, or hydrocinnamic acid, and a-phenyl-propionic acid, or hydra- 
tropic acid. The syntheses of the phenyl-fatty acids are exactly the 
same as those of the fatty acids themselves (Vol. I, p. 297), and they 
undergo similar reactions. The general methods of formation num¬ 
bers 2, 3, 4 .J ^9 IS, 14 , and 17 (p. 288) are those usually 

employed for their preparation. Aryl-acetic acids may also be 
obtained from aromatic ^dehydes by the action of mandelic nitriles 
(Ar, Pharm., 271, 432). 

p-Bomyl-benzoic acid, CioHi 7 C 6 H 4 COOH, m.p. 195®, is obtained from bomyl- 
benzene by converting it into its p-bromo-derivative, acting on this with magne¬ 
sium, and decomposing the Grignard compound formed with carbon dioxide 
(Karienski, Rocz. IS, 92). 

Phenyl-acetic acid, a-toluic add, C 6 H 6 CH 2 COOH, m.p. 76®, 
b.p. 265.5®, occurs in Japanese peppermint oil as a fty-hexenol ester 
(Walbaum, J. pr. 96, 245). The acid is obtained from toluene in the 
same way as acetic acid is obtained from methane. Toluene is first 
converted into benzyl chloride, and this into benzyl cyanide, which is 


* The name **prehnitic acid'' formerly given to this substance, has been dis¬ 
carded as the alcohol, ‘*prehnitol," has been found not to be a single substance. 
There also appears to be some doubt about the uniformity of isodurene. 
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then digested with sulphuric acid (Siaedel, Ber. 19,1950; Wialicentia, 
Ber. 20, 592). Another method is to convert benzyl chloride, in 
ether solution, into benzyl-magnesium chloride by the action of mag¬ 
nesium, and to decompose this with carbon dioxide (Houben, Ber. 35, 
2523; Zelinsky, Ber. 35,2694): 

>-» C,H,CH,CN-f C,H,CH,COOH 

CJHjCH,-> C,H5CH,C1< 

^-s. C.H,CH,MgCl-> C,H.CH,COOH 

It can also be obtained by reduction of phenyl-chloroacetic acid, 
CeHs-CHCl-COOH {Spiegel, Ber. 14, 240), phenyl-glycolic or man- 
delic acid, C6Hs-CH(OH) COOH, and phenyl-glyoxylic acid, 
C,H6C0C00H. 

It is produced when phenyl-malonic acid is heated (see method 15 ), and is one 
of the products of decay of proteins (Salkowski, Ber. 12, 649). It may also be 

g repared from bromobenzene, chloroacetic ester, and copper {Zincke, Ber. 2, 738); 

y heating acetophenone with yellow ammonium sulphide (c/. method 5, p. 288), 
and by oxidising phenyl-pyruvic acid with hydrogen peroxide. It is oxidised by 
chromic acid to benzoic acid. Chlorine, on heating, converts it into phenyl- 
chloroacetic acid, while in the cold the halogens replace nuclear hydrogen atoms. 

Its esters can be alkylated in the methylene group by means of alkyl halides 
and sodamide (Ramart, C.r. 178, 1583). For their reactions.with alkyl-magne¬ 
sium halides, see Ivanov^ Bull. 49, 377. With metallic potassium, phenylacetic 
acid forms an enol compound, CeH6CH:C(OR)(OK) j which reacts further both 
with more ethyl phenylacetate and with reactive halides, C- and O-substituted 
derivatives being formed (Scheibler. Ber. 60, 558, 564; 63, 1562), Esters of 
phenyUorthoacetic add^ C«H*CH 2 C(OR)t, have been obtained from the reaction 

P roducts of phenyl-acetonitrile, primary alcohols, and hydrogen chloride {Sah, 
. 1931, 305), 

TOLYL-ACETIC ACIDS, a-xylic acids, CHrCeHi-CHgCOOH. The three 
isomeric acids have been obtained from the three xylyl bromides. Their melting 
points are: o- 89°, m- 61°, n- 91° {Claus, Ber. 20, 2051; Ruhemann, Ber, 24, 
3965). a-Dialkyl-toluic acids have been prepared from toluene and a-bromo- 
isobutyric and a-bromo-methyl-ethyl-acetic esters by the action of aluminium 
chloride (Rupe, Ber. 44, 1218). p-Xylyl-acetic acid, (CHj)j[1.4]) CeHi)- 
CHsCOOH, m.p. 128°, is obtained by the action of ammonium sulphide onaceto- 
p-xylene {Guerbet, C.r. 125, 34). 

Hydrocinnamic acid, /3-phenyI-propionic acid, C 6 H 6 CH 2 CH 3 r 
COOH, m.p. 47°, b.p. 280°, is isomeric with a-phenyl-propionic acid, 
the three ethyl-benzoic acids, and the six dimethyl-benzoic acids. 
It is obtained by reduction of cinnamic acid, CeHbCH: CHCOOH, 
either electrolytically, using a mercury cathode {Rupe, Helv. 14, 49), 
by the action of sodium amalgam, or hydrogen iodide (Ber. 30,1680). 
It can also be obtained by the action of carbon dioxide on phenyh 
ethyl-magnesium bromide, C 6 H 6 CH 2 *CH 2 -MgBr {Grignard, C.r. 138, 
1048); by the action of yellow ammonium sulphide on propiophe- 
none; from phenyl-ethyl cyanide {Fittig, Ann. 156, 249); from benzyl- 
acetoacetic ester (Merz, Ber. 10, 758); from benzyl-malonic ester 
(Conrad, Ann. 204,176); in the form of its benzyl ester by the action 
of sodium on benzyl acetate {Contad, Ann. 193, 300); and by decay 
of proteins {Salkowski, Ber. 12, 649). C/. paethods of formation S, 
6 , 14, IBy and 17, p. 288). Chromic acid oxidises it to benzoic acid. 

Halogeno-hjrdrocinnamic acids with halogen in the side chain are readily ob¬ 
tained from cinnamic acid by the' addition of hydrogen halides or halogens. 
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They will be described after phenyl-lactic and phenyl-glyceric acids. Homolo¬ 
gous i9-aryl-propionic acids are obtained from aromatic carboxylic acids by con¬ 
verting them into substituted benzoyl-acetic esters and hydrogenating these 
catalytically (Ar. Pharmv^271, 437). 

* 

Hydratropic acid, a-phenyh-propionic acid, CcHsCHCCHa) -'COOH, 
b.p. 265®, is an oil, volatile in steam. It is produced by reduction of 
atropic acid, or a-phenyl-acrylic acid, C«H 6 C(=CH 2 )-COOH, by 
the action of hydriodic acid on the addition product of hydrogen 
cyanide and acetophenone (the nitrile of atrolactic acid) (Janssen, 
Ann. 250, 135), or by hydrolysis of its nitrile, CeHsCHCHaCN. 
Attempts to resolve this acid into its optical isomers are described by 
Raper (J. 123, 2557). 


Higher homologues of these acids have been obtained mainly by the following 
methods: (1) reduction of homologues of cinnamic acid (p. 469), which are 
readily prepared by Perkin’s syntheses from the aromatic aldehydes; {2) reduc¬ 
tion of homologues of mandelic acid, obtained from homologues of phenyl-gly- 
oxylic acid. The latter are obtained by oxidising homologues of acetyl-benzene 
with potassium permanganate; (5) by the action of yellow ammonium sulphide 
on the alkyl-phenyl ketones; (4) from alkyl-benzyl cyanides, produced by the 
action of alkyl halides on sodio-benzyl cyanide; (6) by the action of benzene and 
aluminium chloride on aliphatic lactones and olefine-carboxylic acids. 

p-Methyl-hydratropic acid, a-p-tolyl-propionic acid, p-C 7 H 7 CH(CH 3 )COOH, 
m.p. 34®, is obtained from p-xylyl cyanide by method 12 h (Rupe^ Helv. 7, 654). 
7 -Phenyl-butyric acid, C 6 lf 6 CH 2 CH 2 CH 2 COOH, m.p. 51.7®, is obtained by the 
reduction of phenyl-butyrolactone or phenyl-crotonic acid {Kipping, J. 75, 140) 
from w-bromo-propyl-benzene with magnesium and carbon dioxide {Rupe, Ber. 
43, 1233); by the action of ammonium sulphide on phenyl-propyl ketone (Will- 
gerodt, J. pr. 80, 198); and from ^-benzoyl-propionic acid by Clemmensen’s 
method (Overbough, Org. Synth. IS, 64). Its chloride condenses under the action 
of aluminium chloride and forms a-tetralone, oc-tetrahydro-ketonaphthalene 

I {Mayer, Ber. 56, 1424). /3-Phenyl-butyric acid, CeHjfCH,)- 

CH«CH2*C00H, m.p. 39®, is obtained by reduction of i3-methylcinnamic acid 
{Schroeier, Ber. 40, 1595); from crotonic acid, benzene, and aluminium chloride 
{Eijknian Wcekbl. 5, 655); by the action of ammonium sulphide on phenyl- 
isopropyl ketone; and from the addition product of methylmagnesium iodide and 
benzylidene-malonic ester {q,v.) by degradation {Kohler, Am. Ch. J. 34, 132). 

jS-p-Tolyl-butyric acid, curciimaic add, p-C 7 H 7 CH(CH»)CH 2 *COOH, m.p. 
33-34°, is obtained by the action of sodium hypobromite on curcumone (p. 285), 
or synthetically from methyl-p-tolyl ketone by Reformaizky^s reaction (Helv, 7. 
654). a-Phenyl-isobut]^ic acid, CeH 6 C(CH 8 ) 2 COOH. m.p. 78°, b.p. 150-155® 
(10 mm.), is obtained from benzene, aluminium bromide, and a-bromo-isobutyric 
acid {Wallach, C. 1899, II, 1047). /3-Phenyl-isobu1yric acid, C 6 H 5 CH 2 CH- 
(CHOCOOH, m.p. 37®, b.p. 272®, can be resolved into optical isomerides by its 
quinine salt {Kipping, rroc. 18, 33). 5-Phenyl-valeric acid, C 6 H 6 (CH 2 ) 4 COOH, 
m.p. 59®, is obtained by the reduction of phenyl-coumalin with hydriodic acid 
(Lehen, Ber. 29, 1675; Severini, Gazz. 26, II, 326). 

Phenyl-tert.-butylacetic acid, (CH 8 )*C*CHC 6 H 5 -COOH, m.p. 105®, is ob¬ 
tained from the tert.-butyl ketone via the carbinol, by acting on its bromide with 
magnesium, followed by carbon dioxide {Ford, Am. 57, 2619). a-Phenyl-iso- 
valeric acid, (CH 8 ) 2 CH-CHCflH 6 -COOH, m.p. 59®, and a-methyl-/3-phenyl. 
butyric acid, CHaCHCeHs’CHCHs-COOH, m.p. 132®, are obtained from iso- 
propylidene-acetic and tiglic acid with benzene and aluminium chloride {Eijk- 
rmn, Weekbl. 5, 655). /3-Phenyl-isovaleric acid, [CeHt(CH 8 )flC*CH 2 COOH. 
. 58®, is obtained from methyl-/3-phenyl-isobutyl ketone by the action or 
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ester {Hoffman^ J. 51,2542). a-Methyl-r-phenyl-butyric add, CfH 6 CH 2 CHsCH- 
(CHj)COOH, m.p. 67®, has been prepared from phenyl-isobutyl ketone and 
ammonium sulphide (Willgerodt, J. pr. 80, 198). IS-Phenyl-pen&decanic add, 
m.p. 60®, and ^-phenyl-behenic acid, m.p. 81 ®, have been prepared from the cor¬ 
responding 13-keto-acids by Clemmensen's method (Hill, J. 1936, 281). 

Functional Derivatives of Aromatic Monocarboxylic Acids 

The derivatives of benzoic acid and its homologues may be ar¬ 
ranged in two groups. The first comprises those comjiounds resulting 
from reaction with the carboxyl group (see acetic acid, Vol. I, p. 
300), and the second, the aromatic substitution products, with the 
exception of the phenol-monocarboxylic acids. The first group may 
be further subdivided into (A) the benzoyl compounds, (B) the 
benzenyl compounds, containing the group PhC=, and derivatives 
of orthobenzoic acid, C 6 H 5 C(OH) 3 . Of all the carboxylic acids the 
chemistry of benzoic acid has been the most fully investigated. 

A. BENZOYL COMPOUNDS 

1. ESTERS OF THE MONOBASIC AROMATIC ACIDS. The benzoin 
esters of alcohols and phenols are prepanxl in the same way as the acetic esters. 
Like the latter, they are frequently used for the determination of the number of 
hydroxyl groups in a compound. They are formed (I) by the action of hydrogen 
chloride on an alcoholic solution of benzoic acid. In the substituted benzoic acads 
it is found that the o-substituted acids take a longer time to esterify than the w- 
and p-acids (Kellaa, Z. physik. Ch. 24,221). In the di-o-substitutod acids, such 
as mesitylene carboxylic acid, 2,6-dibromo-, 2,4,6-tribromo-, inid 2,4,6-trinitro- 
benzoic acids, ester formation is exceedingly slow when the acid is boiled with an 
alcohol and hydrogen chloride, that it may almost be said not to take place at all 
(Rosanoff, Z. physik. Ch. 66,275). Esters are, however, readily fornajd by heat¬ 
ing these acids to 180-200® with an alcohol, even in the absence of a catalyst. 
The esters are also readily obtained (F) by the action of alkyl halides on the silver 
salts of the acids, or by the action of dimethyl sulphate on the alkali salts; (S) by 
treating the acids with diazomethane (Pechmann, Ber. 31, 501). The esters of 
benzoic acid are also produced (4) by the action of benzoyl chloride, or benzoic 
anhydride on alcohols, alcoholates, phenols, and phenolates. In carrying out 
reaction (4) it is often advisable to dissolve the alcohol or phenol in pyridine and 
to add benzoyl chloride to this solution, or to shake the alkaline, aqueous solution 
of the alcohol with benzoyl chloride until there is a permanent alkaline reaction 
(Baumann, Ber. 19, 3218). The benzoyl ethers of the polyhydric alcohols, or 
poly hydroxy aldehydes, such as the glucoses, have been obtained in this way, and 
nearly all have been completely benzoylated (Skrauv, Mo. 10, 389). (6) the 

esters may also be prepared by passing a mixture of the vapours of the acid and 
alcohol over thorium oxide hejited to 400® (Sabatier, C.r. 152, 358). 

Methyl benzoate, m.p. — 12®,b.p. 199®. Ethyl benzoate, m.p. —34®, b.p. 
213®. w-Propyl benzoate, b.p. 231®. n-Butyl benzoate, b.p. 249®. Glycol 
monobenzoate, m.p. 45® (Ger. Pat. 298,185). Glycol dibenzoate, m.p. 73® 
(Gabriel, Ber. 23, 2498). Glycerol tribenzoate, m.p. 76® (Balbiano, Gazz. 152, 
358). Erythritol tetrabenzoate, m.p. 187®. Mannitol hexabenzoate, m.p. 124®. 
Glucose pentabenzoate, m.p. 179®. For the catalytic reduction of benzoic esters, 
see Mitsui, Mem. Kyoto. 18, 329. 

Methylene dibenzoate, Cn 2 (OCOC«H») 2 , m.p. 96®, is prepared by heating 
benzoyl chloride with trioxymethylene and zinc chloride, the compound CL- 
CH20C0C«H#, being formea intermediately (Henri, C.r. 133, 96; DescucU, C.r. 
133,371). 

0-Benzoyl-glycolic acid, CoHsCO-OCHi-COOH, forms large prisms. It is 
prepared by the action of nitrous acid on hippuric acid, and its esters are obtained 
from sodium benzoate and chloracetic ester. Phenyl benzoate, m.p. 71®, b.p. 
314® (Ddbnejr, Ann. 210, 255; Heiber, Ber. 24, 3685). Benzyl benzoate, m.p. 
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21®. b.p, 323® {Claisen) Ber. 20,647), occurs in balsam of Peru {Kraal, Ann. 152, 
130) and in oil of carnation. For its preparation by Cannizzaro’s method, see 
Kamm, Am. Pharm. 11, 599. For the oenzoyl compounds of homologues of 
phenol, see pp. 220, 223, 227. 

Methyl o,m-, and -p-toluatcs, CHtCfHiCOOCHs. b.p. 213® and 221®, and 
m.p. 34®, respectively (van Scherpenzeel, Rec. 20,149). For esters of toluic acids 
with aliphatic mercaptans, see KimbalL Read, Am. 38, 2757. 

Ethyl phenvlacetate, CeHiCHjCOOCjHi, b.p. 226® is obtained by the action 
of alcohol and hydrogen chloride on benzyl cyanide (Wialicenus, Ann. 296, 361). 
Phenyl ester, m.p. 38®. b.p. 180® (15 mm.). Ethyl phenylacetate has a faint 
odour of honey. Like diethyl malonatc, it adds on a,/3-unsaturated ketones and 
esters under the influence of sodium ethoxide (Borache, Ber. 42, 4996). With 
ethyl nitrate and potassium ethoxide it gives phenyl-nitroacetic ester, CJIsCH- 
(NOt)COOR, which easily loses its carbethoxyl group and forms phenyl-nitro* 
methane (p. 256). With etlwl nitrite and potassium ethoxide, phenyl-iso- 
nitroso-acetic ester, CbH»C(:NOH)COjR, is formed (WialicentLs, Ber. 42, 1930). 
Ethyl ^-phenyl-propionate, b.p. 248®. 

2 . AROMATIC ACID HALIDES. These compounds are pre* 
pared by similar methods to the corresponding aliphatic compounds 
(Vol. I, p. 314). 

Benzoyl chloride, CcHsCOCl, m.p. —0.5®, b.p. 198®, is isomeric 
with chlorobenzaldehydes, C1-C6H4-CHO. It is a liquid with a pun¬ 
gent smell. It is obtained by the action of phosphorus pentachloride, 
phosphorus trichloride, thionyl chloride, or phosphorus pentoxide and 
hydrogen chloride, on benzoic acid; by the action of chlorine on 
benzaldehyde, and by the action of phosphorus oxychloride on 
sodium benzoate. The chlorides of benzene-carboxylic acids are 
obtained by the action of carbonyl chloride, or oxalyl chloride, on 
the hydrocarbons in the presence of aluminium chloride {Siatidinger, 
Ber. 41,3566), and by the action of anhydrous oxalic acid, or water in 
the presence of a catalyst, on benzotrichloride {Anschutz, Ann. 226, 
20; Ger. Pat. 331,696). 

Benzoic acid combines with antimony pentachloride to give the compound 
PhCOOH'SbCU, m.p. 71®. When this is heated, benzoyl chloride is formed 
(Rosenheim, Ber. 35, 1117). 

Benzoyl chloride was the first acid chloride of a carboxylic acid to be 
discovered, and its history has already been given in connection with 
the aliphatic acid chlorides. It is a readily accessible and very re¬ 
active substance, and few carbon compounds have had a more varied 
application in preparative organic chemistry. 

The acid chlorides react with diazomethane to give aryl-o-chloromethyl ke¬ 
tones, ArCO*CHaCl (Clibbens, J. 107, 1491), but benzoyl chloride in ether solu¬ 
tion gives only a little chloro-acetophenone, the chief product being diazo^aceto^ 
phenone, (JeHBCOCHNa (Bradley, Robinson, Nature, 122, 130), Catalytic 
reduction of the acid chlorides gives rise to the alcohol, aldehyde, ester, or hydro¬ 
carbon, according to the conditions (Roaenmund, Ber. 54, 638). For molecular 
compounds of benzoyl chloride with aluminium chloride and bromide see Men* 
sckntkin. C. 1911,1, 481. 

Toluyl chlorides, o-, m-, and p*, b.p. 212®, 220®, and 95® (10 mm.), respec¬ 
tively. Phenyl-acetyl chloride, (J^HiCHtCOCl, b.p. 102®b.p, 102® (17 mm.) 
(Anschutz, Ber. 20, 1389). 

Benzoyl bromide, CiHsCOBr, m.p. 0®, b.p. 218®, is obtained hy the action of 
phosphorus tribromide on benzoic acid (Claisen, Ber. 14.2473). Benzoyl iodide, 
m.p. 3®, b.p. 117® (14 mm.), is obtained from benzoyl chloride and potassium 
iomde or magnesium iodide (Kiskner^ G. 1909, H, 1132). Benzoyl fluoride. 
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b.p. 155^, is obtained by the action of zinc fluoride, or better, sodium fluoride, on 
benzoyl cUoride at 150® (Dann, J. 1933,15), or by the action of potassium hydro¬ 
gen fluoride {Tseng^ J. Chin. 4, 22). 

Benzoyl azimide or nitride, which resembles the benzoyl halides in its properties, 
will be dealt with below, in connection with benzoyl-hydrazine. 

Mixed anhydrides of aromatic and inorganic acids are analogous to the acid 
halides. 

Benzoyl nitrate, C 6 H 4 COONO 2 , is a bright yellow, unstable oil, formed by the 
action of silver nitrate on benzoyl cliloride at low temperatures. When heated it 
decomposes into benzoic anhydride and oxides of nitrogen. It is decomposed by 
water into benzoic and nitric acids. It behaves as a nitrating reagent towards 
aromatic substances {Francis, Ber. 39, 3798). Benzoyl nitrite, CeHsCOONO, 
is an unstable oil obtained by the action of nitrosyl chloride on silver benzoate 
{Francesconi, Gazz. 34, I, 435). 

Benzoic-boric anhydnde, (C 6 H 6 COO) 8 B, m.p. 145®, is obtained by heating 
benzoic acid with acetic-boric anhydride, and benzoic-arsenious anhydride, 
(CeH 8 COO) 8 As, m.p. 155®, is obtained by fusing benzoic acid with acetic-arseni- 
ous anhydride {Pictet, Ber. 36, 2224; Bull. [3], 33, 1139). 

3. ACID ANHYDRIDES. Benzoic anhydride, (CaHtCO^O, m.p. 42®, b.p. 
360®, is obtained from benzoyl chloride and sodium benzoate or silver benzoate: 
from benzoyl chloride and benzotrichloride On heating with anhydrous oxalic acid 
or oxalyl chloride {Adams, Am. 40,424); from benzoyl chloride by the action of lead 
nitrate or sodium nitrite {Lachovicz, Ber. 17, 1282; Minnuni, Gazz. 20 , 655); 
from benzoyl chloride by the action of potassium metabisulphite and tertiary bases 
{Gazopulos, J. 1931, 1500), or with mol. of water in the presence of a catalyst, 
such as phosphorus oxychloride at 260-280® (Ger. Pat. 520,153); and by the 
action of concentrated sulphuric acid on benzotrichloride (Ger. Pat. 6,689; Ber. 
12 ^ 1495). Mixed anhydrides are obtained from benzoic acid by the action of 
acid chlorides or anhydrides in the presence of pyridine or quinoline (Ger. Pat. 
117,267; Kattfmann, Ber. 42,3483). Aceto-benzoic anhydride, CeHsCOO • OC • - 
CH 8 , m.p. 10®, b.p. 125-140® (17 mm.), decomposes into acetic and benzoic 
anhydrides on heating. Benzoic-carbonic anhydride, (C 5 H 5 COO) 2 CO, is an oil, 
obtained from benzoic acid, carbonyl chloride, and pyridine, and loses carbon 
dioxide even at ordinary temperature. 

0 - and p-Toluic anhydrides, m.p. 37® and 95®, respectively. Phenylacetic 
anhydride, (C6H8CH2C0)20, m.p. 72® {AnschUlz, Ber. 20, 1391; Bakunin, 
Gazz. 46, I, 77). 

4. ACYL PEROXIDES. Benzoyl peroxide, dihenzoyl peroxide, (CeH6C0)202, 
m.p. 104® deflagrates on heating and often explodes spontaneously even at ordi¬ 
nary temperature {Nametkin, J. Russ. 62, 2193). It is prepared by the action 
of sodium peroxide, barium peroxide, or hydrogen peroxide and sodium hydroxide 
on benzoyl chloride {Pechmann, Ber. 27, 1511: Vanino, Ber. 29, 1727; 30, 2003; 
33, 1043). It reacts with carbon tetrachloriae to form c*>-trichloro-p-toluic acid 
cue [4] CaHi [ 1 ] COOH ( Bdeseken, Rec. 43, 869). It reacts in two different ways 
with aromatic hydrocarbons, aliphatic alcohols and acids: (o) (CeH 5 C 0)202 + 
RH « C^HjCOOH -f- CeHs R 4- CO 2 , and (6) (CeHsCOaOz 4- RH « CeH.COOR 
4- CeHe 4“ CO 2 . See Gelissen, Ber. 58, 765, 984, for the quantitative investiga¬ 
tion of these reactions with various groups of compounds. Benzoyl peroxide is a 
bleaching agent, and is marketed under the name of LnicidoL Wnen benzoyl 
peroxide dissolved in ether, or preferably in benzene {Wieland, Ann. 446, 28), is 
treated with sodium ethoxide, ethyl benzoate and benzoyl-sodium-hydrogen 
peroxide are formed: 

(C.H,CO)aOj COItCOOCaH, + C.H,CO(X)Na. 

Dilute sulphuric acid, or even carbonic acid, liberate benzoyl-hydroperoxide, 
perbenzoie add, CeHjCOOOH, m.p. 42-43®, from the latter. It is a compound 
which resembles hydrogen peroxide closely. It has also been prepared by the 
action of hydrogen peroxide and sodium hydroxide, or of sodiiun peroxide on 
benzoyl chloride {Brooks, Am. 55,4309), and by the action of sodium ethoxide on 
benzoyl peroxide {Pummerer, Ber. 66,336). A mixture of benzoyl-hydroperoxide 
and benzaldehyde readily and completely breaks down into two mots, of benzoic 
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acid. Perbenzoic acid is the primary product in the autoxidation of benzaldehyde 
in the air (p. 269 ), and is formed wWn benzaldehyde, dissolved in acetone, is 
aerated in sunlight, or in powerful artificial light (Dutch Pat. 17,393). A mixture 
of benzaldehyde and acetic anhydride is oxidised by air to benzoyl-acetyl peroxide, 
CeHjCOOOCOCH,, m.p. 38®, perbenzoic acid being the primary product, it 
being then acetylated (J^aeyer, Ber. 33, 1669; Freer, Am. J. 27, 161). Perben¬ 
zoic acid quantitatively saturates double bonds with formation of ethylene 
oxides {Meerwein. J. pr. 113, 9; Namelhin, J. pr. 115, 56). For the course of 
this reaction see Boeseken, Rec. 48, 363; J. pr. 131, 285. Perbenzoic acid oxi¬ 
dises sulphides to sulphoxides and sulphones (Lewin^ J, pr. 128, 171). For 
action of benzoyl-hydroperoxide on triplienylmethyl, see Medwedew, Ber. 65,137. 

5. THIO- AND DITHIO-ACIDS. Thiolbenzoic acid, CeHjCOSH, m.p. 24®, 
is formed by the action of alcoholic potassium sulphidp on benzoyl chloride, or by 
the action of carbon oxysulpliide on phenyl-magnesium bromide, when triphcnyl- 
carbinol is a by-product ( Weigert^ Ber. 36, 1010). Thiol-p-toluic acich CHgCaH 4 - 
COSH, m.p. 44°. Benzoyl sulphide, thiolhenzoic-sulphanhydride^ (C 6 H 6 CO) 2 S, 
m.p. 48®, is obtained by the action of two mols, of benzoyl chloride on one of 
sodium sulphide. Benzoyl disulphide, (C 6 HbCO) 2 S 2 , m.p. 130®, is obtained by 
exposing an ether solution of thiolbenzoic acid to air (CZoez, Ann. 115, 27), or 
when salts of thiolbenzoic acid are oxidised with potassium ferricyanide (Frowm, 
Ber. 40, 2862). Benzoyl polysulphides (tri- and tetra-sulphides) are obtained by 
the action of sulphur chloride, S 2 CI 2 , or iodine, on potassium thiolbenzoate, or by 
the action of hydrogen peroxide on thiolbenzoic acid (Shelton^ Am. 58, 1282; 
Moresz^ Ar. Pharm. 25, 397). For thiolbenzamides and thiolbenzanilides, see p. 
308. 

Dithiobenzoic acid, CeHsCSSH, is a heavy, mauve-colourod, tmstable oil, ob¬ 
tained by the action of al(U)holic potassium sulphide on benzotrichloride (Fleischer, 
Ann. 140, 240), by the action of carbon disulphide on phenyl-magnesium bromide 
(Houhen, Ber. 39, 3219), and by the action of hydrogen persulphide and zinc 
chloride on benzaldehyde (Hohn, J. pr. 82, 436; Ger. Pat. 214,888). Methyl 
ester, b.p. 155® (12 mm.); ethyl ester, b.p. 167° (16 mm.); both are red oils. 
Load salt, m.p. 204.5°, purple leaflets. Iodine oxidises the solutions of the alkali 
salts to dark red needles of thio-benzoyl-disulphide, (C 6 H 5 CS) 2 S 2 , m.p. 117°. 
4-Carbithio-toluic acid, CH^CeHiCSSH, m.p. 27°, is obtained from p-tolyl- 
magnesium bromide: methyl ester, b.p. 130° (3 mm.). Dithio-phenylacetic 
acid CcHbCHj-CSSH, is an orange-coloured oil obtained by the action of carbon 
disulphide on benzyl-magnesium chloride; lead salt, m.p. 149®, golden-yellow 
needles. Phenyl-thioacetyl-disulphide, (C 6 HbCH 2 * 08 ) 282 , m.p. 78° (Hovben. 
Ber. 39, 3227). Phenyl-p-tolyl-ketosulphone, CbHbCO * 802061140118 , obtained 
from benzoyl chloride and sodium toluene-sulphinate, forms a hydrate, m.p, 
80® (Ger. Pats. 100779/80). 

Acyl thiosulphites, such as (C 6 H 800 ) 202 S 2 , are mixed anhydrides of an aromatic 
carboxylic acid and a hypothetical acid of sulphur, 8 e(OH) 2 . They are obtained 
by the action of metallic benzoates and metallic salts of other aromatic acids on 
sulphur chloride: 2 Ar*COOAg -f- S 2 GI 2 = 2Ag01 + (Ar 00)20282 (Dcnhain, J, 
103, 1861). 

SELENO-BENZOIC ACID, OeHgOOScH, rose-coloured crystals, m.p. 133°, 
has been prepared from benzoyl chloride and bromo-magnesium-seleno-hydride, 
BrMgSeH (Mingoia, Gazz. 56, 835). 

6 . ACID AMIDES. The methods of formation and reactions 
of the acid amides have been considered at sufficient length in connec¬ 
tion with the amides of aliphatic acids. Attention was drawn to the 
fact that the amides of the carboxylic acids could have two constitu¬ 
tional formulae. Thus, benzamide has two formulae: 

xNH* .NH 

(I) C,H 6 C<^^ and (II) 

The imino-ethers are derived from the second formula (see silver 
benzamide). In addition to the methods of formation given under 
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aliphatic acid amides^ the amides of benzene>carboxyIic acids can be 
obtained by the action of aluminium chloride on aromatic hydro- 
carbons and urea chlorides (p. 289). 

Benzamidey CeHs-CO-NHj, m.p. stable form, 128®, unstable 
form, 115° (Mullery Z. physik. Ch. 86,228), b.p. 288°, is formed: (1) 
by the action of gaseous ammonia, ammonium hydroxide, or ammon¬ 
ium carbonate on benzoyl chloride (see tribenzamide); (2) by the 
action of ammonia on ethyl benzoate; (S) by heating benzoic acid 
and ammonium thiocyanate to 170°; (4) by hydrolysis of benzo- 
nitrile with the requisite amount of alcoholic potash; (6) by the ac¬ 
tion of urea chloride on benzene in the presence of aluminium chloride 
(Gaitermann, Ann. 244, 50; Rabauty Bull. [3], 21, 1075). It is 
readily soluble in hot water, alcohol, and ether. 

Sodium benzamide, CeHaCONUNa, or C6ll6C(:NPI)ONa, is formed by the 
action of metaUic sodium on benzamide in benzene solution (Curtius, Ber. 23, 
3038). When heated with esters it formsmiM*d diacyl-imides {Wheeler^ Am. J. 
28, 453; Thiiherky, J. 81. 1520). 

Silver benzamide, CiHjCO-NHAg, or C#Hi-C(:NH)0*Ag, is obtained by pre¬ 
cipitating an aqueous solution containing benzamide and silver nitrate with the 
calculated quantity of sodium hydroxide. When digested with ethyl iodide it 
gives benzimido-ethyl eth er (p . 308) (Tafel^ Ber. 23, 1560). Certain benzarsinic 

^cids such as HiN-CO*^ NAsO^Ha, derived from benzamide, are trypano- 
cides (Goughj King, J. 1930, 669). 

Dibenzamide, (C6HaCO)*NH, m,p. 148°, is obtained by the a<;tion of fuming 
sulphuric acid on benzonitrilo, or from benzoyl chloride and benzonitrile with 
aluminium chloride. When distilled dilienzamide breaks down into benzonitrile 
and benzoic acid, even at low pressures. Sodium dibenzamide, (CeH 5 CO) 2 NNa, 
is a lustrous white powder. It is formed by the action of sodium on dibenzamide 
in xylene solution. 

Tribenzamide, (C6H*CO)aN, m.p. 202°, is formed by the action of benzoyl 
chloride in ether solution on sodium dibenzamide, and, together w^ith l>enzamide 
and dibenzamide, when benzoyl chloride is acted upon by ammonium carbonate 
(Jaffe, Ber. 25, 3120). Benzoyl-cyanamide, CtHsCONHCN, m.p. 141-142°, 
is obtained by the action of cyanamide and sodium hydroxide (or commercial 
sodium cyanamide) on benzoyl chloride below 5° {Diels, Ber. 45, 874). 

Benzoyl-chloroamide, C^HsCONHCl, m.p. 113°. Benzoyl-bromoamide, 
CeKfiCONKBr, m.p. 170° (decomp.). Dibenzamide chloride, (C6H6C02)2NCI. 
m.p. 89° (Chaitaway, Proc. 18, 165). Methyl- and dime^yl-benzamide, 
CeH 6 CON(CH,) 2 , m.p. 78° and 41°, respectively {lieid, Am. J. 45, 38). 

N-Methylol-benzamide, CfH6CO'NH-CH20H, m.p. 106°, is obtained by con¬ 
densing benzamide with formaldehyde, in the presence of alkaline condensing 
agents. When heated alone, or in aqueous solution, it readily breaks down into 
its components. It is oxidised by tdiromic acid to formykhenzamide, CJIs- 
CONHCHO, m.p. 120°, The latter gives 2,5-diphenyl-triazolo with phenyl- 
hydrazine (mnhorn, Ann, 343, 223). The introduction of acyl residues into th<j 
NHj-group of aromatic amides is described in Ger. Pat. 297,875. Benzoyl- 
benzylamine, CeHiCO'NH'CHaCsHi, m.p. 105° {Bergmann, Ber. 26, 2273). 

Benzanilide, phenyl-benzamide, C^iCO-NHCeH*, m.p. 162-163°, is formed: 
by the action of aniline on benzoyl chloride ; by the action of aluminium chloride 
on phenylLsocyanate and benzene (p. 289 ); by heating bromobenzene and benz¬ 
amide with copper {Goldberg, Ber. 39, 1692); by heating benzophenone oxime, 
(C 6 H 5 )tC:N‘OH, with concentrated sulphuric acid, acetyl chloriae, or a mixture 
of hydrochloric acid and acetic acid to 100°, or with acetic acid alone to 180° 
{Beckmann, Ber. 20, 2581 ); and by passing a mixture of ethyl benzoate and ani¬ 
line vapours over alumina or thoria heated to 480° {Mailhe, Caoutchouc, 1919,16). 
For Bodium-benzanilide, see Wheeler, Am. J. 28, 453. 

When benzanilide is boiled with sulphur, benzenyl-amino-lhiophenol, or m* 
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phenyUhejizothiazol is formed, o-, m-, and p-benzoyl-toluides, C 6 H 5 CONH'- 
C«H 4 CH 3 , m.p. 131®, 135®, and 158®, respectively. 

Diphenyl-benzamide, CoH 5 CON(C 6 H 5 ) 2 , m.p. 177®, is obtained from diphenyl- 
amine and benzoyl chloride, or from diphenyl-urea chloride by condensation with 
benzene and aluminium chloride {Lehmann^ Ber. 20 , 2110 ), or by heating with 
benzoic acid and pyridine {Hvrzog^ Ber. 41, 636). 

Methylene-dibenzamide, CHaCNH CO 06116)2, m.p. 220®, is obtained by 
oxidation of hippuric acid with lead dioxide and dilute sulphuric acid, or dilute 
nitric acid. It is also obtained by the action of formaldehyde and hydrogen 
chloride on benzonitrile (Pulvermtwher, Ber. 25, 311), and from benzamide by 
boiling with formaldehyde and dilute sulphuric acid {Einhorn, Ann. 343, 226). 
Ethylidene-dibenzamide, C'H.jCH(NHGOC 6 H 5 ) 2 , m.p. 204® {Nencki, Ber. 7,159). 
Ethylene-dibenzamide, CeHsCO NH CH.CH^ NH COCeHa, m.p. 249®. When 
heated alone or with hydro<‘hloric acid, this compound loses benzoic acid and gives 
ethylene-bcmzenyl-amidine {Hofmann^ Ber. 21, 2334). 

Benzoyl isocyanate, CeHsCON-.CO, m.p. 26°, h.p. 88 ® (10 mm.), obtained by 
the action of silvc^r isocyan^ltc^ on benzoyl chloride, forms dibenzoyl-urea with 
w^ater, and benzoyl-urethane, C 6 H 6 CONHCOOG 2 H 5 , m.p. Ill®, with alcohol 
(Billetrr^ Ber. 36, 3218). 

Hippuric acid, benzoyl-glycocoU, ('6H6C(J NH*CH2C00H, m.p. 
187^, occurs in large quantities in the urine of herbivorous animals, 
such as the cow and the horse (tir^ros, horse, and obpov urine), and in 
small concentrations in human urine. When benzoic acid, cinnamic 
acid, and toluene are taken internally they are eliminated as hippuric 
acid. It can be obtained synthetically (7) by heating benzamide 
with monochloracetic acid; by the action of silver glycocoll on 
benzoyl chloride (Curtius, Ber. 15, 2740); {S) from ben-zoyl chloride, 
glycocoll, and sodium hydroxide {Baurrif Physiol. Ch. 9, 465); { 4 ) 
by heating benzoic anhydride with glycocoll {Curtrus, Ber. 17, 1662); 
{o) from benzaldehyde and sodium aminoacetate, followed by 
oxidation {Pauly, Physiol. Ch. 99,164). 

IJiMory, —As far back as 1829, Liebig recognised that hippuric acid differed 
from benzoic acid, and gave the acid its present name, to indicate its origin. He 
established its composition in 18;i9. Dessaignes (1846) show’ed that it was de¬ 
composed to glycocoll and benzoic acid when boiled with concentrated alkalis or 
acids (J. pr. ji], 37, 244). In 1848, Streaker converted the acid into benzoyl- 
glycolic acid by acting on it with nitrous acid (Ann. 68 , 54), and in 1853, Des- 
saigruiai synthesised hippuric acid from benzovl chloride and zinc glycine (Ann. 87, 
325). 

Hippuric* acid crystallises in rhomluc prisms, and is soluble in 600 
parts of cold water. It dissolves more readily in hoi water, and in 
alcohol. It is decomposed slowly by boiling caustic soda, and more 
rapidly by mineral acids, into glycocoll and benzoic acid. 

For other reactions ot hippuric aciid, see methylene-dibenzamide (above), and 
benzoyl-glycolic acid (p. 296). It condenses with aldehydes, c.j?., benzaldehyde, 
in the presence of sodium acjctate and acetic anhydride, to form benzoyl-amino^ 

.N-=CC«H6 

cinnamic anhydride, G6H6CH:C<Q^^_^ (p. 467), an oxazolone, azlactone 

of a-bcnzoyl-amiiio-cinnamic acid {Erlenmeyer, Ann. 337, 265). 

Silver hippurate, CjHsNOaAg. Ethyl hippurate, m.p. 60® {Conrad, J. pr. 15, 
247), is converted by phosphorus pentachloride (2 mols.) into hippuro-flavin, 
Ci 8 H|(D 4 N 2 , lemon-coloured crystals, m.p. above 300® {Rdgheimer, Ber. 21, 3321; 
26, 2324; Arm. 312, 81), and by benzaldehyde and sodium acetate into benzoyl- 
amino-Hnnamio ester (ErUmmeyer, Ann. 275, 12). Phenyl hippurate, m.p. 104°, 
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gives phenyl-Hinhydro-hippurate, m.p. 42®, when boiled with phosphorus oxychlo¬ 
ride (Weiss, Ber. 26, 2641). 

Ethyl hippurate condenses with ethyl formate and sodium ethoxide to give 
ethyl formyl-hippurate, CoHsCO NH 011 ( 0110 ) 00202116 , wliich is reduced by 
sodium amalgam to the ethyl ester of benzoyl-serine, €06500 • NH • 0 H( 0 H 20 H) - 
OO 2 O 2 H 6 , m.p. 80°. The latter is decomposed by sulphuric acid into benzoic 
acid and di-serine. With phosphorus pentasulphide it gives benzoyl-cysteine 
ester, 06H600NH 0 n( 0 H 2 SH) 00202 H 5 , m.p. 185°. By hydrolysis of this 
compound with concentrated hydrochloric acid, di-cysteiiie and its oxidation prod- 
xict, di-cystine are obtained (Edenmeyer, Ann. 337,236). Hippuryl chloride, CoHs- 
OONHOH 2 OOOI, decomp. at 125°, is obtained by the action of acetyl chloride and 
phosphorus ptaitac'hloride on hippuric acid. With diazornethano it gives phenyl- 

N-=C (OeHfi) —O N-=C (OeHs) —O 

hydroxy-dihydro-metoxazine, m.p. 91°, I I or 1 I 

00 -CH 2 OH 2 —O(OH)rr 0 H 

(Karrer, Helv. 8 , 203). 

. a-Hydrory-hippuric acid, C«H 50 O-NHOH(OH)COOH, melts at 145-150°, 
with effervescence, solidifies, and melts again at 208-213°, with decomp. It is 
obtained by brominating hippuric acid and acting on the product with water. 
When heated in water it breaks up into beuzamide and glyoxylic acid. The latter 
gives a violet coloration with proteins and concentrated sulphuric acid, a reaction 
which therefore serves for the detection of hippuric acid (Haas J. 101, 1254). 

Hippuronitrile, 0 frH 600 NH 0 H 20 N, m.p. 144°, is obtained from amino-aceto¬ 
nitrile and benzoyl chloride by the action of sodium hydroxide (Klages, Ber. 36, 
1646). Hippuryl-hydrazine, O 6 H 5 OONHOH 2 CONHNH 2 , m.p. 162°, is 
obtained from the action of ethyl hippurate and hydrazine; cf. hippuryl-phenyl- 
hiizylene, p. 165, and hippurazide, p. 303 (Curtins, J. pr. 52, 243). 

(i^-Benzoyl-alanine, OelLOONH * 06 ( 062 ) 0006 , m.p. 166°, has been resolved 
into its optical isomerides by means of brucine (Fischer, Ber. 32, 2458). This 
compound, and benzoyl-a-amino-isobutyric acid, C' 6 H 5 CONH 0 ( 0 H 3 ) 200 OH, 
m.p. 198°, are readily converted into azlactones (oxazoloncis), when heated with 

OelLO^Nv 

acetic anhydride. Benzoyl-alanine-oxazolone, m.p. 39°, I > 0 HCH 3 , 

0 — 0 / 


and benzoyl-a-amino-isobutyric-oxazolone (see Vol. IV), m.p. 34°, 
CeH5C-=Nv 

^ ^ 0 ( 0113 ) 2 , Cf. the similarly constituted acyl-anthranilic acids. 


Ammonia, aniline, or hydrochloric acid breaks the lactone ring and amides, ani¬ 
lides, or chlorides f)f the <;orrospondiug benzoyl-ami no-acids are formed. Simi¬ 
larly, CO-ami no-acids are attached with the formation of benzoylated dipeptides, 
e.g., benzoyl-alanyl-glycx}coll, OoHsCONH •CH( 0 H 3 ) 00 NH 0 H 2000 H, and ben- 
zoyl-alanyL-alanine, CelLOONH • OH (OH.,)OONH-OH ( 0113 ) 00011 , etc, (Mohr, 
J. pr. 81, 49, 473). 

Benzoyl-aspartic acid, see Fnuly, Ber. 43, 661. 

Benzoyl-urea, O 6 H 5 OONHOONH 2 , m.p. 215°, is obtained from urea by the 
action of benzoyl chloride or anhydride. With chlorine it gives benzoyl-cliloro- 
urea, 06 H 600 *N 0100 NH 2 , m.p. 157° (decomp.). It is also obtained from ben- 
zoyl-cyanamidc. Alkali causes-ring-closure, and the formation of a compound, 

O6H5OONV 

not yet isolated, but believed to be | yOO, which gives benzoyl-car- 

HN-^ 

bohydrazide, O6H5OONHNHOONHNH2, m.p. 186°, with hydrazine (Diels, Ber. 
45, 874, 2437). 

7. ACID HYDRAZIDES. Benzoyl-hydtazine, 0 «H 500 NHNH 2 , m.p. 116°, 
has been obtained by the action of hydrazine hydrate on ethyl benzoate, and by 
heating hydrazine benzoate (Curiim, Ber. 35, 3240). In alkaline solution it 
undergoes auto-reduction, giving- first benzylideno-benzoyl-hydrazine, O 6 H 5 - 
C0N6N:CH0«H6 (see below), and then benzalazine (p. 272) (Curtim, Ber. 33, 
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2561). When an excess of hydrazine acts on ethyl benzoate, ^y/^-dibenzoyl- 
hydrazine, (C«HsCONH) 2 , m.p. 238®, is formed, which is also obtained by the 
action of an alkaline solution of hydrazine on benzoyl chloride (FeUizzari, Lincei 
8, I, 327). When boiled with alcoholic potash it gives a potassium salt, 
(C®H 6 C 0 ) 2 N 2 HK ; the corresponding silver salt gives azo-dibenzoyl, (CfiH®CO) 2 N 2 , 
m.p. 118°, with iodine (StolU, Ber, 33, 1769). Tri- and tetra-benzoyl-hydra- 
zines, m.p. 206° and 238°, respectively, are obtained by continued benzoylation 
of dibenzoyl-hydrazine (Freundler, Bull. [3], 31, 616). 

sym-Benzoyl-phenylhydrazine, m.p. 168° (Just, Ber, 19, 1203) on oxidation 
with mercuric oxide or nitrous acid, is converted into benzoyl-azo-benzene, 
C«H 6 CON 2 (^ 6 Hfr, red prisms, m.p, 80° (Fonzio, Gazz. 39,1, 696); the latter forms 
an addition product with hydrogen chloride, which rearranges to o-chlorophenyl- 
benzoyl-hydrazine, 

C^HiCONH-NClCeHs-► C8HfiCONHNHlllC6H4[2]Cl 

(Hantzsch, Ber. 30, 319). 

a.s-Benzoyl-phenylhydrazine, m.p. 70° (Widmaik, Ber. 26, 945). Dibenzoyl- 
phenylhydrazine, CeHs-CO^NCaHe-CHCOCeTlB, m.p. 177®. Benzylidene- 
benzoyl-hydrazine, CeHsCO -NPIN: CHCeH®, m.p. 203°, is obtained from benzoyl- 
hydrazine and benzaldehyde, or by the action of benzoyl chloride on benzalazme 
(p. 272) (Minnuni, Gazz. 29, II, 377). The corresponding silver salt, 

C,H 5 CONAgN: CHCtHt, gives diphenyl-furodiatole, C,HjC<^ ^CCJI., with 

/N—NCOCeH, 

iodine, and diphenyUhenzoyWlihydrofuTodiazole, CbHsC^ 1 , with 

benzoyl chloride (StolU, J, pr. 70, 393). 

Phenylacetic-hydrazide , m .p. 116°; hydrocinnamic hydrazide , m .p. 103 °. 

7a. ACID SEMICARBAZIDES. These are formed when seraicarbazoncs of 
aromatic a-keto-acids are oxidised with a solution of iodine in potassium iodide 
containing sodium carbonate: 

CeHsCCCOOH):^ NHCONHz + 0 - CeHsCONHNHCONHa + CO 2 . 

Benzoyl-semicarbazide, m.p. 240°; phenacetyl-semicarbazide, m.p. 156°. 
^-Phenyl-propionyl-semicarbazide, m.p. 192°. By the action of semicarbazide 
on benzoic anhydride, an ^‘acid benzoyl-semicarbazide,^' m.p. 225°, has been 
obtained, but it differs from the above-mentioned compound, and the enol for¬ 
mula, CeHsCCOH) :N-NHC0NH2, has been assigned to it (Bougault, C.r. 163, 
305; 164,820). 

8. ACIDYL AZIDES. Benzoyl azide, benzoyl azimide, CeHfiCONs, m.p. 29°, 
obtained by the action of nitrous acid and acetic acid on btmzoyl -hydrazine, or 
by the action of potassium azide on benzoyl chloride in moist acetone (Powell, 
Am. 51, 2436), smells strongly like benzoyl chloride. It is partially volatile with 
steam without decomposition, and explodes on heating, but not violently. It is 
insoluble in water, but dissolves fairly readily in alcohol, and freely in ether. It 
has a neutral reaction. It is decomposed by boiling alkalis to potassium azide 
and benzoic acid (C^irtius, Ber. 23, 3029). On heating in benzene it breaks 
down smoothly into nitrogen and phenyl-isocyanate: 

CeH5CONj-► [CeHjCONO-► CeH^NiC.O 

(Schroeter, Ber. 42, 2339), When heated with alcohol or water it undergoes 
analogous reactions, nitrogen being lost and derivatives of phenyl isocyanate, 
such as phenyl-urethane, C 6 H 5 NHCOOC 2 H 6 , and carhanilide, COCNHCeH®)!, 
formed. When boiled with acid hydrazides, semicarbazides are formed: 

aHftCONa H- C6H6CONHNH2 « N2 + C^HfiNHCONHNHCOaHs. 

When acted upon with bromine, a bromine addition product of phenyl isocyanate 
is formed (Curtius, J. pr. 52, 216; 53, 513). Substituted benzazides, such as 
the (>-, m-, and p-uitro-benzazides, m.p. 36°, 68°, and 69°, and p-bromo-benza- 
zide, m.p. 46°, oehave similarly (Fortner, J. pr. 58, 190). Phenylacetic-azide, 
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C 6 HjCH 2 CON, and hydrocinnamic-azide, C 6 H 6 CH 2 CH 2 CON 8 , give the urethanes 
of benzylamine and phenyl-ethylamine, respectively, with alcohol {Jordan, J. pr. 
64, 297), The azides can also be obtained by the action of diazonium salts on 
the acid hydrazides. 

Hippurazide, C 6 H 5 CO NH CH 2 *CO*N 3 , m.p. 98°, is formed by the action of 
sodium nitrite and acetic acid on liippuryl-hydrazine. It is decomposed by min¬ 
eral acids, alkalis, ammonia, and amines, with the elimination of hydrazoic acid. 
When boiled with alcohols, and with water, nitrogen is evolved, and hippenyl- 
urethanes, CeHsCONHCHaNHCOOR, and dihippenyl-urea, (CeHsCONH- 
CH2NH)2C0, m.p. 246°, are formed (Curfius, J. pr. 52, 243; 37, 513). When 
hippurazide acts on glycoccill, gly(*yl-glvcine, alanine, etc,, benzoyl derivatives 
of di- and poly-peptldes, such as CbHbCONHCHoCONHC^H^COOH, CeHs- 
CONHCmaCONHCH^CONHClUC OOH, C6Hf.CONHCH2CONHCH2CDNHCH2 
CONHCH 2 COOH, etc., arc lormed {Curtius, J. pr. 70, 57), 

B. BENZENYL COMPOUNDS 

These comprise groups sections 9 to 30, dealt with below. 

9. Nitriles of the Aromatic Monocarhoxylic Adds 

The aromatic nitriles are connected by numerous reactions with 
the principal classes of aromatic derivatives. They are produced, 
like the aliphatic nitriles (i) from the corresponding ammonium 
salts; {2) from the corresponding acid amides by dehydration with 
phosphorus pentoxide, phosphorus pentachloride, or thionyl chloride 
{MiehaeliSf Ann. 274, 312); (3) by the action of bromine and caustic 
alkali on primary phenyl alkylamines or by catalytic dehydrogena¬ 
tion (Sabatier, C.r. 165,224); (4) from the aldoximes, by the action of 
acetyl chloride, or acetic anhydride. They may also be obtained (3) 
by distilling aromatic monocarboxylic acids with potassium thio¬ 
cyanate, or, better, lead thiocyanate (Kruess, Ber. 17,1766): 

2CeHftCOOH -f FhiCmh = 2 (^ 6 H 5 CN + 2 CO 2 + PbS + H 2 S; 

(6) by passing the vapours of aldehydes, esters, or acid chlorides 
with ammonia or primary aliphatic amines over alumina or thoria, 
heated to 400-500^ (Mailhe, C.r. 166, 215; 170, 813; Bull. 23, 380; 
Caoutchouc, 1918); (7) by the action of sodio-p-toluene-sulpho- 
chloroamide on a-amino-phenylacetic acids: 

C«H5CH(NH2)C00H-> C«H,CH(NCl2)COOn-► 

C 6 H 5 CX + 2HCI + CO 2 

(Dakin, Biochem. J. 10,319); (8) by the fission of trichloro-acetimino- 
compounds obtained from benzene hydrocarbons and trichloro- 
acetonitrile in the presence of aluminium chloride: 

CH,C«H4C(:NH) .CCl3 + 4KOII = CH,CeIl4CX + 3KC1 -f HCOOK -f H 2 O 

(Houben, Ber. 63, 2464); (9) by distilling benzo-trichlorides (p. 317) 
with acid amides (Br. Pat. 323,948). 

Nuclear syntheses, (10) The direct replacement of halogen by the 
cyanogen group is effected by passing chloro- or bromo-benzene over 
strongly heated potassium ferrocyanide, and when benzene hydro¬ 
carbons, halogenated in the ring, but containing no 0 - or p- nitro- 
group, are heated with finely divided or dissolved metallic cyanides 
at temperatures up to 350^ (Ger. Pat. 293,094). Phenyl-carbinol 
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chlorides, such as C 6 H 5 CH 2 CI, react readily with potassium cyanide, 
more readily indeed than the alkyl halides, forming phenyl-aliphatic 
nitriles. 

Nuclear hydrogen atoms are directly replaced by the cyanogen group (a) 
when cyanogen gas is passed into the boiling hydrocarbon mixed with aluminium 
chloride (Desgrez, Bull. [3] 13, 734); (?>) by the action of mercury fulminate. 
(C: NO)jHg on benzene and anhydrous aluminium chloride, benzonitrile is formed 
in 80% yield; if hydrated aluminium chloride is used, benzaldoxime is formed 
{Scholl^ Ber. 36, 10). For the action of chlorine and bromine cyanide on benzene 
hydrocarbons in the presence of aluminium chloride, see Scholl, Ber. 33, 1062). 

The nitriles are also closely related to the anilines, sulphonic acids, 
and phenols. Thus, aniline yields: (11) phenyl-carbylamine, which 
changes into the isomeric nitrile when heated; (12) diphenyl-thiourea, 
which gives the nitrile when heated with zinc; (13) phenyl-mustard 
oil, which gives the nitrile when sulphur is removed from it by means 
of copper; (I 4 ) formanilide, which gives the nitrile when distilled 
with concentrated hydrochloric acid, or zinc dust (Goussiorowsky, 
Ber. 17, 73), or when its vapour, or that of aniline formate, is passed 
over activated carbon, heated to 425° (Ger. Pat. 482,943); (IS) 
phenyl-diazonium chloride, which gives the nitrile when treated with 
potassium cyanide and copper sulphate (Roshdestvenski, Zhurnal, 
1933, 6 , 274). 
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For the theoretical importance of method (IS), see p. 13. (16) 

Nitriles are also obtained from alkali benzene-sulphonates and (17) 
from triphenyl phosphates, by distillation with potassium cyanide or 
ferrocyanide. (18) Alkyl-benzyl cyanides are also produced from 
sodium-benzyl cyanide and alkyl halides, CeHsCHNa-CN + C 2 H 5 I = 
C 6 H 5 CH(C 2 H 5 )(.^N 4 - Nal (see below). 

Properties arid reactions. —The benzonitriles are liquids with an 
agreeable smell, or solids with low melting points. Their reactions 
are very numerous, but it may be mentioned that boiling alkalis or 
acids convert them into the corresponding aromatic acids, while 
nascent hydrogen, best from sodium and alcohol, reduces them to 
primary amines. With hydriodic acid, they give amide iodides. 
They combine with alcohols and hydrogen chloride to give imido- 
ethers, with ammonia and anilines to give amidines, and with hy- 
droxylamine to give amidoximes, 

Benzonitrile^ phenyl cyanide, CeHsCN, m.p. — 12 °, b.p. 191°, 
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do 1.023, is isomeric with phenyl-carbylamine (p. 90), and is best 
obtained from benzene-sulphonic acid by method (16), or from ben¬ 
zoic acid by method (5). It is an oil, with an odour resembling that 
of oil of bitter almonds. When it is dissolved in fuming sulphuric 
acid, or boiled with sodium, or acted upon by other condensing 
agents, benzonitrile polymerises to cyaphenine, C 3 N 3 (C 6 H 5 ) 3 . 
When this is nitrated, the product is almost exclusively wj^nitro-ben- 
zonitrile (p. 319). 

With chlorine, it yields two hexachlorides, or- m.p. (3- m.p. 197°, and a 

p-chloro-hexachloriae, m.p. 206° (van der Lhtden, Rec, 53, 45). The iso¬ 
cyanide, which is also formed, is extracted with warm 60% sulphuric acid (Gib¬ 
son. Org. Synth. 16, 89). 

Aryl cyanidcii. o-, m-, n-Tolunitriles, cy a no-toluenes, CHaC 6 H 4 CN, m.p. 
— 13°, —kl°, 29°; b.p. 203^, 213°, 218°, respectively. When catalytically re¬ 
duced, mixtures of o-, rn-, and p-tolualdehydes and toluidines are formed, p- 
Xylic nitrile, b.p. 231° (KreysLer, Ber. 18, 1712); l,3-Xylic-4-nitrile, m.p. 24°, 
b.p. 222° (Hinrichsen, Her. 21, 3082). Cumonitrile, {CH3)2CH[4]C6H4[11CN, 
b.p. 244°. 

Phenyl-aliphalic nitriles. Benzyl cyanide, phenyl-acetonitrile, CsHBCH-iCN, 
m.p. — 24.6 , b.p, 233°, df 1.018, is isomeric with the three tolunitriles. It is 
obtained from benzyl mustard oil occurring in Tropa^olum majiis and Lepidmtn 
sativum (p. 259) (Gadamer, Ber. 32, 2335), and synthetically from benzyl chlo¬ 
ride and potassium cyanide. If is hydrolysed to phenylacetic, or «-toluic acid 
(p. 293), and reduced to /3-phenyl-ethylamine (p. 258), When nitrated, the 
chief product is p-nitrobenzyl cyanide, m.p. 116°. p-Bromobenzyl cyanide, 
m.p. 29°, b.p. 130° (12 mm.), is obtained from benzyl cyanide by the action of 
bromine vapour. It (causes violent irritation of the eyes and nose. 

As in acetoacetic and rnalonic esters, the hydrogen of th(‘ C>H 2 group linked to 
the activating (-eHa and CN groups is very readily replaciHl. Thus, sodium 
ethoxide gives monosodio-benzyl cyanide;, which reacts with alkyl halidtss tf) give 
alkyl-benzyl cyanides (c/. method 18, p. 305), and with esters to give cyano- 
ketones, Ar*CH(CN)CO R (Meyer^ Ber. 21, 1291; Rossolyino, Ber. 22, 1238; 
Buddeberg,h(iT. 23, 2070: Am. J. 45, 38). 

Benzyl cyanide reacjts as follows: with sodium ethoxide and nitrous acid to give 
iso-nitrosohemyl cyanide, C6H6C(:NOn)CX; with sodium ethoxide and ethyl 
nitrate to give aci-nilrobenzyl cyanide, C6H6C(:NOOH)C/N; with sodium etli- 
oxido and benzaldehyde to give a-phenyl-cinnamic nitrile, CeH&CCCN) :CH - Cells 
(Frost, Ann. 250, 156). Like sodio-malonic ester, it adds on to a,-unsaturated 
esters and ketones. Catalytic hydrogenation of nitrile at low pressun; converts 
them into mono- and di-arylamine,s; thus, benzonitrile is converted into mono- 
and di-benzylamine, and benzyl cyanide into mono- and di-phenyl-cthylamine 
(Gngnard, Bull. 49, 522). When tre.itetl with chlorobenzene and sodium, benzo¬ 
nitrile gives sodium benzophenone-imide, (C 6 H 5 ) 2 C:N*Na, and when this is 
acted upon by water it is converted into benzophenone by the oxygen of the air, 
into benzophenone oxime, and by iodine into diphenyl-kotazine, (C«H 6 ) 2 C:N‘- 
N:C(C 6 H 6)2 (Morton, Am.,53, 2769). 

Metiiyl-benzyl cyanide, o-, m-, and p-tolyl-acetonilrilcs, CH 3 *C 6 H 4 *CH 2 CN, 
b.p. 244°, 241°, 243°; m.p. of p-fornvl8° (Raxliszewski, Ber. 18, 1281; Paepeke, 
Ber. 21, 1331). 

/3-Phenyl-propionitrile, hydrocinnamic nitrile, C!J 6 H 5 CH 2 CIl 2 CN, b.p. 261° 
(corr.), has been extracted from Nasturtium ^icinale, by steam distillation. * a- 
Phenyl-propionitrile, hydratropic nitrile, CcHsCHCCHsjCN, b.p. 231°, is prepared 
by the action of phosphorus oxychloride on the acid chloride (Kax), J. Chin. 2, 
240; see also Meyer, Ann. 250, 123; Janssen, Ann. 250, 137). 

10. Amido Halides. 11. Imidochlorides. 12. Phenylhydrazido- 

imidochlorides 

Benzamido-chloride, C 6 H 5 CCI 2 NH 2 , is formed when gaseous hydrogen 
chloride is passtnl into an ether solution of benzonitrile (Pinner, Ber. 10, 1891). 
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It is probably the primary produet when phosphorus pentachloridc acts on 
berizamide, although under the conditions of this reaction, it partly breaks down 
into benzonitrile and hydrogen chloride, and partly combines with tho phos¬ 
phorus oxychloride, formed during the reaction, to give phospliorus compounds, 
such as CaHbCChNHPOCl, and C«Il 5 CCI:NPOCl (Titherley^ J. 95, 1143). Benz- 
amido-bromide, C 6 H 6 CBr 2 NH 2 , m.p. 70® (Engler, Ann. 149, 307). Benzamido- 
iodide, C 6 H 5 CI 2 NH 2 , b.p. 140° (docomp.) (BiUz^ Ber. 25, 2536), is formed when 
benzonitrile is poured into concentrated hydriodic acid. 

Dimethyl-benzamide chloride, (y«H 5 CCl 2 X(CH 3 ) 2 , m.p. 36°, is obtained from 
the amide by the action of carbonyl <;hloride or phospliorus pentachloride. When 
heated, the dialkyl-benzamide clilorides lose one or two molecules of alkyl 
chloride, and form alkyl-bimzimide chlorides and benzonitrile. The latter partly 
polymerises to cyaphenine (p. 309) (Braun^ Ber. 37, 2812). 


C,H.CCIsN(CH ,)2 CeHtCClrNCH, CsH 6 C:N. 


This reaction is used in the degradation of secondary cyidic bases, cf. piperidine. 

Benzanilide chloro-iodide, CeHsCClI-NHCeHfi, m.p. 106° (decomp.), is ob¬ 
tained by the action of hydriodic acid on benzanilide imidochloride {Lander^ J. 
85, 1695), and methyl-benzimido-chloride, CaHsCChNCHg, is obtained by the 
action of phosphorus pentachloride on methyl-benzamide. 

Benzanilide imidochloride, C^HsCC^rNCycHs, m.p. 40°, b.p. 310°, is obtained 
from benzanilide by tho action of phosphorus ]Kmtachloride {Wallach^ Ann. 184, 
79), or thionyl (diloride, or by the action of phosphtirus pentachloride on benzo- 
phenoiKi oxime, (C 6 H 5 ) 2 C:N OH; an atomic rearrangement of the chloride 
(C6H.02C:NC1 occurs in this reaction. It is decomposed b^^ water or alcohol into 
benzanilide and hydrogen chloride. It is converted into \ /^-diphenyl-tetrazole 
by sodium azide. For othfT reactions of benzanilide-imidochloride, sec benzimido 
ether and thio-beiizaailid(.* (p. 308). With sodio-acetoacetic ester or sodio- 
malonic est(*r, arul-henzf'rujl compounds are formed. These are derivatives of 
keto-acids, and are converted into phenyl-quinoline-earboxylic acids on heating. 

Benzo-phenyl-hydrazide imidochloride, C«Tlt,CCl:N• NH• C 8 H 5 , m.p. 131 °, 
is formed when alcohol acts upon the reaction product of phosphorus penta¬ 
chloride and 8?/m-benzoyl-phenylhydrazine, CeHsCC^:N N(C" 8 H 5 )POCl 2 (Park- 
inamif Ber. 27, 2122 ). 

Dibenzo-hydrazide chloride, C 6 H 6 CCI:X'N:C 1 CC 8 H 5 , m.p. 123°, is obtained 
by the action of phosphorus pentachloride on ^s-?/w-dibenzoy 1-hydrazine. It can 
readily be converted into heterocyclic compounds. Thus, (1) on boiling with 
water it gives diphenyloxadiazok; (2) with phosphorus pentasulphide, it gives 
diphenylthiadiazole* (8) with ammonia or primary amines it gives dlphenyU 
triazole; (4) with nydroxylamine, 'N•hydroxy-^iphenyliriazole; (5) with hydra¬ 
zine, diphenyl-dihydro-telrazine {StolUy J. pr. 73, 227): 


HvO 


.N—Nv , 

C«Il6C<f >CCJl6 

^C1 CV I 


/N—N 






.N—N 


C.H5C<f !| 

\S-_C—C,H, 


Nila 


N-N 

I 

^NH—C—I 


CeHa 


NHjOU 


N-N 

CsHsCkf II 

NTMrnw’i—c- 


^N(OH)—C—CeH* 


NH2.NH* 


[* y'N-Nv 


Diphpnyl-1,3,4- 
oxadi azole 


Diphenyl-1,3,4- 

thiadiazole 


2,6-piphenyl-l ,3,4- 
triazole 


l-Ilydroxy-2,5- 

diphenyl-1,3,4- 

triazole 


1,2-Dihydro-3,0- 

diphenyltetra- 

zine 
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13. IMIDO-ETHERS OF AROMATIC CARBOXYLIC ACIDS. The hy¬ 
drochlorides of imido-ethers are formed by the action of hydrochloric aciu on 
alcoholic solutions of nitriles (Firmer^ Ber. 16, 1654 ; 23, 2917; Glock^ Ber. 21. 
2650). Their hydriodides can be prepared by heating acid amides with alkyl 
iodides and cuprous oxide, lead oxide, or potassium carbonate (Matsui^ Mem. 
Kyoto, 1910) . Their methyl sulphates are obtained by addition of dimethyl sul • 
phate to primary and secondary acid amides. The hydrochlorides of the imido- 
ethers are decomposed by water giving esters and ammonium chloride. Benz- 
alkyl-imidochU)rides (p. 307) change into benzalkyl-imido-tjthers with sodium 
alcoholates. riio b<mzalkyl-imidochlorides arc converted into tertiary benz- 
amides by the ac^tion of alkyl iodides, or by heating {Lander^ .1. 83, 320): 

C.H6C<f -> CJT5C<f-> CeH^CON(CHa)2. 

NjI X)CH, 

Sodium amalgam reduces benzimido-ether in acid solution to benzaldehyde 
(Henle, Ber. 35, 3039). With ammonia the benzimido-ethers give henzamidine, 
with hydroxylamine, bemamidoxime; with hydrazine, hemenyl-hydrazine. The 
following substances are cyclic imido-ethers of aromatic carboxylic acids: 


C6H5-C< J 

CH2 

>»-Phenyloxazoline 


>CH2 

M-Phenylmetoxazine 




M-J*h^nyU>eiizoxa2ole 


Benzimido-methyl ether, CeH 6 C(NH)OCH 3 , b.p. 96® (13 mm.), and benz- 
imido-ethyl ether, CeH 6 C(NH)OC 2 H 8 , b.p. 102° (15 mm.), are oils, precipitated 
from their hydrochlorides by sodium carbonate solution. The ethyl ether is also 
obtained by the action of silver benzamide on ethyl iodide. In a similar way, 
silver dibenzamide gives with ethyl iodide, benzoyl-benzimido-ethyl ether 
C6H»C(NC0C6H5)0C2H6, m.p. 65° (Wheeler, Am. Ch. J. 20, 64). N-Methyl- 
benzimido-methyl ether, C«Ii 5 C(NCH 3 )OOH 3 , b.p. 94° (12 mm.). 

14. THIOAMIDES OF THE AROMATIC ACIDS. Thiobenzamide, C6H6- 
CSNH 2 , or C«H6C(SH)NH, m.p. 116°, is produced by passing hydrogen sul- 

S hide into an alcoholic solution of benzonitrile, mixed with ammonia (Gabriel, 
ler. 23, 158), and when benzylamine is heated to 180° with sulphur (Wallach, 
Ann. 259, 304). Zini; and hydrochloric acid convert it into benzylamine, iodine 

/N 

into diphenyl-1,2,4-thiadiazolc, C«H8C<^ (Hofmann, Her. 25, 1588), 

* C>'6Br> 


ethylene dibromide into ix^phenyl-lhiazoline (see below), trimi^liylone bromide 
into n-vhenyl-melathiazim (see imido-thio-ethers), and ethylene diamine into 

.NH -CH2 

henzenyl-eJhylene diamine, or 2-phenyl-imidazoline, CeHb C^ | (Forssel, 

-CH 2 


Ber. 25, 2134). Methyl-thio-benzamide, CflHjCSNHCHa, m.p. 79°, is obtained 
from phenyl-magnesium bromide and methyl-mustard oil (Sachs, Ber. 37, 877). 

Thio-benzanilide, C^^H6CSNH•C«H^, m.p. 98°, consists of yellow prisms or 
plates. It is formed: (1) by the action of hydrogen sulphide on oenzenyl- 
phenyl-amidiiie at 100°; (2) by the action of carbon disulphide on this substance at 
110°, thiocyanic acid being formed at the same time (Bemthsen, Ann. 192,29); (3) 
by the action of hydrogen sulphide on benzanilide chloride; (4) by the action of 
phosphorus pentasulphidc on benzamide; (S) by the interaction of phenyl- 
mustard oil, oenzene, and aluminium chloride (Friedmann, Ber. 25, 3525; (7a^ier- 
mann, J. pr. 59, 572); (6) by the action of phenyl-magnesium bromide on phenyl- 
mustard oil (Sachs, Ber. 36, 587). When heated or oxidised it is converted into 
benzenyl-amino-thiophenol. When methylated with dimethyl sulphate and 
sodium hydroxide it gives 3-meibyl-tbiobenzanilide, C6H6N:C(C6H6)'SCH^, 
m.p. 63-64°. N-Methyl-tbiobenzanilide, CgHsNlCJHOCSCeHfi, m.p. 90-91°, 
is produced by the action of phosphorus sulphide on methyl-benzaiiilide (ob¬ 
tained by the action of methyl-aniline on benzoyl chloride) (May, J. 103. 2272). 

Selenium benzamide, C«H 6 CSeNH 2 , m.p. 102°, golden needles, is ootain^ 
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from benzonitrile and hydrogen solenide. It is oxidised by iodine to diphenyl-l,2,4- 
>N—Se 

selenadiazold, C«H6C<^ | ^ {Becker^ Ber. 37, 2550). 

15. IMIDO-ETHERS OF THE AROMATIC CARBOXYLIC ACIDS. These 
are obtained as hydrochlorides from nitriles, mercaptans, and hydrochloric acid 
(cjT. imido-ethers). The following compounds must be regarded as cyclic iniido- 
thio-ethers of benzoic acid: 



M-Phenylthi azoline M-Plieiiylmetathiazine M'Phenylbenzoihiazole 


Benzimido-thio-ethyUether, C«H 5 C(NH)SC 2 H 5 , is an oil. It readily breaks 
down into benzonitrile and mercaptan (Bernthsen, Ann. 197, 348). By heating 
sodium xanthogenates with benzalkyl-imidochlorides in benzene solution, the 
so-called imido-xanthides, which possess an intense red colour, are formed. 
Benzo-phenyl-imido-ethyl xanthide, C<iH 6 C(NC«H 6 )SCSOC 2 H 6 , m.p. 98®, garnet- 
red prisms {Tschvgaeff, Ber. 35, 2470). Benzimido-thio-phenyl ether, CeHsC- 
(NH)SCeH6, m.p. {Autenrieih, Ber. 36, 3465). 

16 . AMIDINES OF AROMATIC MONOCARBOXYLIC ACIDS 

are obtained by the action of ammonia or ammonium bases on 
nitriles, imido-ethers, imidochlorides, and thioamides. The cyclic 
amidines correspond to the cyclic imido-ethers and imido-thio-ethers: 



/*-PhenylimidazoIine /^t-J’henyiteirahydropj’^rimidine p-Phenylbenzimidazole 


yNHa 

Benzamidine, CeHo’C^ , m.p. 75-80®, is formed from its hydrochloride^ 

C7H8N2-HC1 4- 2 H 2 O. consisting of glassy crystals m.p. 72® (cryst.), 169® 
(anhydrous) (Loasen, Ann. 265, 130). 

Silver salL CcHiC(= NAg)NH 2 . Benzamidine is a stronger base than ammonia. , 
When actea upon by hydroxylamine, an amidoxime is formc'd, the NH group 
being converted into N(OH). Benzamidine reacts as follows: with phenyl- 
diazonium chloride it gives benzarmdtrw-diazobemene (see below); with benzalde- 
hyde, benzalbenzami^e, m.p. 175® (Ber. 34, 3029); with phenyl isocyanate, 
benzenyl-diphenyl-ditireide, C 6 H 5 C(:NCONHC«H 5 ) NHCO NHC.TIs, m.p. 
172®; with phenyl mustard oil, benzamidine-phenyl-thiourea, C6H&*C(:NH)*- 
NH • CS • NH • Cells m.p. 125®; with ethyl chlorocarbonate, benzamidine-ure¬ 
thane, CeH 6 *C( :NH) •NHCOOC 2 H 4 , m.p. 58®, which gives diphenyl-hydroxy 
triazirbe when heated; with phosgene, dibenzamidine-urea, CO[NH*C(:NH) • 
CeH 6 l 2 , m.p. 289®, and diphenyl-hyaroxy-aym-triazine. The action of nitrous 
acid on benzamidine is very remarkable, hemerbyl-dihydroxy-telrazotic acid (see 
below) being formed. 

Hetero-ring formation with benzamidine, —When benzamidine is heated alone it 
is converted into cyaphenine; when heated with acetic anhydride it gives di- 
phenyl-methyl-aym-triazine ; with trimethylene bromide, trimethylene-benzamidine , 
or lA-phenyl-tetrahydro-pyrimidine; with acetyl-acetone, phenyl-dimethyl-pyrim- 
idine; with acetoacetic eater, phvrbyL-methyl-hydroxy-pyrifmdine (Vol. IV). 
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Cyaphenine 


Diphenyl-methyl- 
sym-triazine {Pinnerj 
Ber. 25, 1624) 

Phenyl-tetrahydro- 
pyrimidine {Pinner, 
Ber., 26, 2122) 


Phenyl-dimethyl- 

pyrimidine 


Phenyl-methyl- 

hydroxy-pyrimidine 


Many other amidinea, and numerous alkyl, phenyl, and benzyl substitution 
products of the simple amidincs are known. Disubstituted cyanamides give 
amidines disubstituted in the amino-group by interaction with Grignard reagents 
{Adame^ Am. 38, 2768). As will be seen from the above description, the amidines 
are unusually reactive substaiKUis, of which the investigation has contributed 
much to th(i chemistry of nitrogeii-carbou ring systems. Phenyl-benzamidine, 
C 6 H 5 C(NH)NHC 8 H 6 , m.p. 114°, is obtained by the action of sodium on a mix¬ 
ture of bcnzonitrile and aniline {Walther, J. pr. 67, 445). For the ac^dation of 
phenyl-benzamidine and the reaction mechanism see Fransesconi, Gazz. 32, II, 
467. Diphenyl-benzamidine, C6H6C(NC«H6 )NHCbH6 , m.p. 144°, is a chromo¬ 
gen, giving yellow dyes when amino-groups are introduced {Noelting^ C. 1898, II, 
1049). Dibenzyl-benzamidine, m.p. 70-71°, has been prepared from dibenzyl- 
cyaiiamide and phenyl-magnesium bromide, the hydrobromide, m.p. 211.5°, 
being formed intermediately {Adams, Am. 38, 2768). Trialkyl-benzamidines, 
see Braun, Ber. 37, 2678. For amidines of pharmacological interest, see Easson 
and Pyman, J. 1931, 2991. 

17. DIHYDROXY-TETRAZOTIC ACIDS. Free benzenyl-tetrazotic acid, 

N=N0H 

, is unknown. Its benzamidine salt, m.p. 178°, is formed by 
NO 

the action of nitrous acid on benzamidine. The potassium salt is reduced by 
sodium amalgam to benzenyl-hydroxy-tetrazotic acid C/H 6 N 4 O + H 2 O, m.p. 
(anhyd.) 175°, with explosion, and benzenyl-tetrazotic acid {Lessen, Ann. 263, 
265, 129). These compounds belong to the class of heterocyclic tetrazoles, or 
pyro-triazoles (Vol. IV). 


18. HYDRAZIDINES, OR AMIDRAZONES OF AROMATIC MONO- 
CAIWOXYLIC ACID. Several representatives of the aliphatic phenyl-hydrazi- 
dines were discussed in connection with phenyl-hydrazine. The simple aromatic 
hydrazidines are formed when hydrazine acts on the imido-ethers. The most 
thoroughly investigated of these compounds is: 

^ .NH‘NH2 .NNH 2 

Benzenyl-hydrazidine, or CeHs'C^ . This com- 

^NH \nH2 

pound cannot be obtained from its salts in the pure state. Its benzoyl derivative, 
CeHbCCrNHlNH-NH'COCeHB, melts at 188°. It slowly loses water, even at 
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120 ®, being converted into C^iphenyl-triazole, and nitrous acid converts it into 
dibemenyl^sazoxwie, or dipheny1rl,d,4-oxadiazole. 

The reaction between hydrazine and benzimido-ether gives rise to dibenzenyl- 
hydrazidine C6H8 C(:NH)-NH-NH(NH:)C-C«H 5 or C*H 5 -C(NH 2 )iN-N:- 
(NH 2 )C-C«H 6 , m.p. 202®, and dipkenyl^ihydrotetrazine, as well as to benzenyl- 
hydrazidine. Nitrous acid converts benzenyl-hydrazidine into C-phenyUletrazole, 


CcH8.C<^| 


OC 2 H 5 

NH 



.NNH 2 

C«Hs-C<^ 


NOOH 


CaHsO 


N—NH 


I 

N=N 


heat 


cji6-c<^; 


N— 

NH2- 


-NH 

-COC 5 H 6 


/NH—N 


C 6 H 5 


Benzenyl- 

hydrazidine 

Dibenzenyl- 

hydrazidine 

(Ws-benzam- 

idine) 

Diphenyl- 

aihydro- 

tetrazine 

C-Phenyl- 

tetrazole 


C-Diphenyl- 

triazole 


NOOH 


CeH^ 


Dibenzenyl-isazoxime 
(diphenyl-1,3,4- 
• CeHfi oxadiazole) 

Diphenyl-dihydrotetrazine is readily converted by acids into l-amino-2,5- 
diphenyl-l/S^A^triazole. It is oxidised by the air to diphenyl-tetrazine (Pinner^ 
Bor. 27, 3273; 28,465; Ann. 297, 221; 298, 1). 


C«H5-C<^; 


N(NH2)-C-CeH6 o 


/NH—NHv 


N- 


N 


yn n-i’N XXv 

C«H8.C< >CC6H8 

^N-N^ 


/N=N 


C(»H»C< >CC«H,. 

^N—N^ 


19. NITRAZONES. NITROSAZONES OR PHENYL-AZOXIMES. These 
derivatives of the benzoic acids are obtained by the same methods as the cor¬ 
responding aliphatic compounds (p. 162). 

/NO 2 

Benzenyl-nitrazone, phenyUtiiirofomialdchijdc-hydrazone, C 6 H 5 C<^ or 


.NOOH 


^NNHCoHs 


CeHsC^ , m. p. 102°, is obtained by the action of phenyldiazonium 

^N-.NCeH* 

salts on phenyl-nitromethane or on nitromethane itself. It is best obtained by 
the action of amyl nitrite or nitrogen tetroxide on benzaldehyde-phenylhydrazone 
(Citisa, Lincei, 17, I, 840). BenzenyUnitrosazoney C6H6C(NO) iNNHCeHs, and 

>noh 

its more stable isomcride, phenyi-azo-benzaldozime, CeHsC^ , m.p. 

^NiNCeHs 

135°, are intermediate products. The latter is obtained by the action of amyl 
nitrite and pyridine on benzaldehyde phenylhydrazone. When phenyl-nitro- 
formaldehyde-hydrazone is reduced by ammonium sulphide, the first product is 
phenyl-hydrazo-benzaldoxime, C«H6C(NOH)NHNHC6H6, and this is oxidised 
by ferric chloride to phenyl-azo-benzaldoxime. The methyl ester of phenyl-nitro- 
formaldehyde-hydrazone, CeHsCCNOOCHj) :NNHC®H6, m.p. 92°, breaks down 
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on boiling with alcohol into tormaldehyde and phenyl-azo-benzaldoxime {Bam¬ 
berger^ Ber. 34, 2019; 36, 62, 90). m-Nitrobenzenyl-nitrosazone, NO 2 C 6 H 4 C- 
(NO) :NHHCJH[6, m.p. 98° (decomp,), rearranges under the influence of pyridine 
or sodium ethylate into phenyl-azo-/a-nitro-benzaldoxime. N 02 C 6 H 4 C(N 0 H) •- 
NzNCaHs, m.p. 183° (decomp.). The nitrosazones readily lose nitric oxide, 
this change taxing place even when they are boiled in ether, and the residues 
undergo various condensations {Bamberger^ Ber. 36, 92). 


20. FORMAZYL DERIVATIVES OF THE AROMATIC MONOCARBOX- 

YLIC ACIDS,* Formazyl-benzene, , m.p. 173°, forms red 

NHCeHs 

leaflets, with a greenish metallic lustre. It i« produced (/) by the action of 
diazonium salts in alkaline solution on benzaldehyde-phenylhydrazoiie {Pech- 
mann^ Ber. 27, 1690); {2) by the action of phenylhydrazine on benzenyl- 
amidoxime (p. 315) ( Bamberger^ Ber. 27, 160); (3) by the action of phenylhy¬ 
drazine on benzophenyl-hydrazide-imidochloride. The formation of hetero¬ 
cyclic compounds by formazyl derivatives has already been described (p. 164). 
A solution of sulphuric acid in glacial acetic acid converts formazy l-benzene into 
phenyl-l,2,4-henzotHazine, and on oxidation formazyl-benzene gives Inyhenyl- 
tetrazolium hydroxide ; 




/N-Nv 


/N-=NC6H5 


-NHC.H6 


+0 


C«H, 


K- 


.N==N(OH)C6Hb 

N— 


Phenyl-1,2,4- 
benzotriazine 

Triphenyl- 

tetrazolium 

hydroxide 


N-Benzoyl-formazyl-benzene, C«H6*C( -N: NHCbHb) (:N •NlCOCeHslCeHt), 
exists in two modifications, one forming orange-red prisms, m.p. 146-'147°, and 
the other blackish-red prisms, m.p. 139°. It is obtained by heating benzal- 
benzoyl-diphenyl-dihydrotetrazene (p. 165) (Busch, Ber. 49, 2352). 

.NNHC(NH2):NH 

Guanazyl-benzene, C«HbC^ , orange-yellow prisms, m.p. 

iNCeH} 

199°, is obtained by the action of phenyl-diazonium chloride on benzalamino- 
guanidine, the condensation product of benzaldehyde and aminoguanidine 
(Vol. I, p, 515). When oxidised by nitric acid, guanazyl-benzene gives diphenyl- 
tetrazole (Wedekind, Ber. 30, 444; 31, 2353). 


21. HYDROXAMIC ACIDS, THEIR ETHERS AND ESTERS. In connec¬ 
tion with benzamide it was mentioned that two structural formulae were possible 
for this compound, the benzamide formula (I) and the henzimido-ojdd formula 
(II). If it is imagined that one of the hydrogen atoms attached to nitrogen is re¬ 
placed by hydroxyl, we arrive at the two possible formulae for a hydroxamic acid: 


/NH* 

or CfHj 
I 

Benzamide 


NH 




II 


,NHOH 

C.H6C<C or 

III IV 

Benzhydroxamic acid 




:NOH 

OH 


While the amido-formula (I) is supposed to represent the carboxylic amides, 
the imido-ethers are derived from (II). The hydroxamic acids probably occur 
also in the desmotropic form (IV) (hydroximic acids). Hydroximic chlorides 
(p. 314) correspond to imidochlorides, amidoximes and hydroxamoxinies to 
amidines, and hvdrazidoximes to hydrazidines. 

Although free benzhydroxamic acid and its homologues are knowui in only one 
form, some of their ether-like derivatives oc(!ur “in modifications of identical 
com|K>sition, of which the observed differences cannot be satisfactorily accounted 
for by differences in structure" (Lossen, Ann. 281, 169). Werner (Ber. 25, ^) 


* See page 164. 
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pointed out that the isomerism was due to the arrangement of the groups about 
the nitrogen atom, as in the oximes, the a- and /3-ethyl-benzhydroxamic acids 
having the following space formulae: 

C.H5 • C—OCjHb CftU • C—OCaH* 


HON NOH 

Ethyl>«]/n-benzhytlroxamic acid (a-) Ethyl-anfi»benzhydroxamio acid (d*) 

Crystallographic investigations have shown that some classes of amidc-like 
derivatives of hydroxylamine occur in polymorphic modifications. 

Benzhydroxamic acid, C«Hb C(:NOH) OH, m.p. 132-133° {Balbiano, 
Lincci, (5), 21, I, 389), and dibenzhydroxamic acid, or benzoyl-benzhydroxa- 
mate, C6H6C(:NOCOC6H6)OH, m. p. 161°, are formed by the action of benzoyl 
action of benzoyl chloride on hydroxylamine. Benzhydroxamic acid is also 
formed by the oxidation of bcnzaldoxime with Caro’s acid, by the isomerisation 
of phenyl-nitromethane, C8H5CH2N02, with alkali (p. 256), and from benzalde- 
hyde and benzene-sulphhydroxamic acid (p. 175), or nitrohydroxylaminic acid 
{Bamberger^ Ber. 34, 2023; 35, 51; Rimini^ Lincei, 10, I, 355; Angelico^ Gazz. 
31, II, 15; Angchj Gazz. 33, II, 239). When silver benzoate acts upon benzo- 
hydroximic chloride (p. 314), an isomer of dibenzhydroxamic acid is first formed, 
with m.p. 95°, and this readily rearranges to the higher melting isomer; some 
benzoic acid is also split off, and forms a certain quantity of diphenyUfuroxan 
(p. 315). A few substituted benzhydroximic chlorides give the corresponding 
diphenyl-furoxans only (Wcmer, Ber. 32, 1654). When benzhydroxamic acid is 
digested with semicarbazide hydrochloride in water, benzoyl-semioarbazide 
(p. 303) is formed, the NHOH group being eliminated {Rupe^ ,1. pr. 84j 809). 
When benzhydroxamic acid is hcjated with thionyl chloride in benzene solution, an 
intramolecular atomic migration occurs and phenyl isocyanate is formed: 

C6H6C(:N0H)0H + SOCb « C«HbN:C:0 + SO 2 + 2HC1 

(Marquis^ C.r. 143, 1163). The potassium salt of dibenzohydroxamic acid is de¬ 
composed by water, especial!}’ 011 heating, into potassium benzoate, sym-di- 
phenyUurea^ and caibon dioxide, phenyl isocyanate being an intermediate prod¬ 
uct : 


2 C«H8C(:N0C0C6H8) 0K -f 1120 « 2C*H6COOK -f C0(NHC6H6)2 -f CO 2 . 

Other acyl derivatives of benzhydroxamic acid behave in a similar way. On 
heating with ammonia they yield manophenyl^urea; with alcohol, pheriyl-urelhane^ 
i.e., transformation products of phenyl isocyanate (Thiele^ Aim. 309, 189). The 
rearrangement occurring here recalls that of the carboxylic bromo-amides (Ho/- 
rnann), of the acid azides (Ctirtius^ p. 303), and of the ketoximes (Beckmann, 
p. 284) (c/. Schroeter, Ber. 42, 2336). Since it is possible to convert- sym-di¬ 
phenyl-urea into aniline and carbon dioxide by the action of hydrochloric acid, 
it is possible to use these n^actions (which are capable of greater generalisation) 
to convert benzoic acid into aniline, to replace the COOH group by NH* 
(Lossen, Ann. 175, 313). 

Tlie alkyl ethers of dibenzhydroxamic acid are known in two modifications: 
Q;-(s 2 //i)-methyl ether, m.p. 53°; ^-(anti) -methyl ether, m.p. 55°; a-(syn)- 
ethyl ether, m.p. 58°; - (ant t) -ethyl ether, m.p. 63° (Gur/ce, Ann. 205, 281; 

Lassen, Ann. 281, 235). The a-ethers are formed by the action of alkyl iodides 
on the silver salt; of dibenzhydroxamic acid; the /3-ethers are obtained by the 
action of benzoyl chloride and caustic potash on the alkyl-hydroximic acids. 

Phenyl-acethydroxamic acid, CeHaCHjCCOHlNOH, forms thick needles or 
plates, m.p. 145°. It is prepared from ethyl phenylacetate and alcoholic hy¬ 
droxylamine. Acetate, m.p. 148-149° benzoate, m.p. 121° (Jones, Am. Ch. J. 
48, 1). 

ALKYL-BENZHYDROXIMIC ACIDS, or alkyl ethers of benzhydroximic acid, 

C«H6C(:N0H)0R, obtained from benzimido-ethers and hydroxylamine hydro¬ 
chloride, and from dibenzhydroxamic aUcyl ethers by hydrolysis (Lassen, Aim. 
252, 211). They occur in two modifications, which can be distinguished by 
the fact that the «- or /lyn-modifications give phenyl-carbamic ethers or their 
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transposition products when treated with phosphorus pentachloride (Beckmann 
translormation): 


Cai,COCH, 

Hoir 


OCOCH, 

c,h.i!ih 


whereas the or anti^iorms are converted into phosphoric ethers of the benz- 
hvdroximic acids by this treatment, -Methyl ether, m.p. 64®, readily 

changes to a physical isomeride, also a sj^-modification, m.p. 101® (Wemer, Ber. 
29, 1146. 1150). j9-(anit)-Methyl ether, m.p. 44®; a-(s 2 /n)-ethyl ether, m.p. 
63®; /3-(artiz)-ethyl ether, m.p. 68 ®. The alkyl-benzhydroximic acids also form 
alkyl and acyl ethers. 

Tribenzoyl-hydroxylamine, C 3 H 6 'C(:NOCOCeH 6 )OCOC«H 6 , is obtained in 
three forms by the action of benzoyl chloride on hydroxylamine hydrochloride* 
a- m.p. 100 ®; d- m.p. 141®; 7 - m.p. 112 ®. The a- and 7 -forms are converted 
into the d-form by the action of hydrochloric acid (Loasen, Ann. 281, 276). 

xSH 

Thiobenzhydroxamic acid, , an unstable oil, is formed by the ac- 

^NOH 


tion of hydroxylamine on dithiobenzoic acid. The dibenzoyl-compound melts at 
92°' {Carnhi^ Lincei 18, I, 687). 


22. HALIDES OF BENZHYDROXIMIC ACIDS. The free chlorides, and 
ethers of fluorides, chlorides, and bromides, are known. The free chlorides have 
been prepared from the corresponding benzaldoximes by the action of chlorirn^ 
in chloroform solution, or of nitrosyl chloride {Rhemholdt, Ann. 451, 161). Their 
ethers are obtained by treating amidoxine others with hydrogen halides and alkali 
nitrite, or with excess nitrosyl chloride, and by the action of phosphorus penta¬ 
chloride on alkyl hydroxamatcs. The hydroximic chlorides react as follows: 
with ammonia they give arnine-oxunea; with hydroxylamine, hydroxam-oxinum; 
with aniline, toluidine, c/c., aralides. On standing, and more rapidly on heating, 
they decompose with formation of azoxinie oxides and nitriles. With sodium 
carbonate they lose HCl and give nitrile oxides (see below). For their reactions 
with silver salts, see p. 313 (Werner^ Bcr. 32, 1975). 

Benzhydroximic chloride, C6H6C(;NOH)ul, m.p. 49®, is obtained from benz- 

vN(OH)N 

aldoxime, and gives N-hydroxy^C^diphenyl-teirazole, C 6 H 5 C<^ ||, with 

sodium azide (Forster, J. 95,184). Benzenyl-methoxime chloride C^Hs• C(:NO- 
CH3)C1, b.p. 225®. Benzenyl-ethoxime bromide, C 6 H 6 *C(:NOC 2 H 6 )Br, b.p. 
239® (Tiemann Ber. 24, 3454). 

Benzenyl-hyaroxylamine-acetic acid, C 6 Hfi*C(:NOCH 2 COOH) -OH, m.p. 
135-138®, is formed when (!au.stic potash acts upon benzenyl-nitroxime-acetic 
acid. C6H6-C(:N0-CH2C00H)0N0, m.p. 95®, the product of the action of 
sulphuric acid and potassium nitrite on bcnzcnyl-aminoxime-acetic acid (see be¬ 
low). Benzenyl-fluoro-, chloro-, and bromo-oxime-acetic acid, all melting at 
135®, are obtained by the action of the hydrogen halides and potassium nitrite on 
benzenyl-aminoxiine-acetic acid (Werner, Ber. 26, 1570). 

.NOH 

23. BENZONITROLIC ACID, , light yellow needles, with a 

very bitter taste, m.p. 68® (decomp.), is formed by the action of nitrous acid on 
phcnyl-ucf-nitromethane (p. 256), and in small yield by the oxidation of benzo- 
nitrosolic acid (see below) with permanganate (TTicftand. Ber. 39, 2522). It is 
much more unstable than the paraffin-nitrolic acids, ana readily decomposes on 
standing, and instantly on heating, into nitrous acia and diphenyUfuroxan, with 
intermediate formation of hemo-nitrile oxide. It gives an orange coloration with 
alkalis. The solution of the alkali salts decomposes spontaneously into alkali 
nitrite and tribenzo-nitrile oxide. 

.NOH 

24. BENZONITROSOLIC ACID, CeHB C<f , is obtained in the form 

\no 
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of its dark blue salts by the action of aqueous alkalis, or ammonia, on bonzhy- 
droxyamoxime; the very unstable red azo-compound. 


.NOH HONv 

C.H.C<f >CCJIs 

\t>j —— T>J/ 


is formed intermediately, and is split up by hydrolysis into benzenylamidoxime 
and benzo-nitrosolic acid. The free acid is unstable; when liberated from its 
ailts it decomposes into nitrous acid and berizonitrile. When the silver salt 
(pink needles, decomp, at 94®) is acted upon by iodine, diphenyl-furoxan is 
formed (Wielandf Ber. 39, 1480). 

25. NITRILE OXIDES. Nitrile oxides contain the group —L 

probably, —C^NO, the oxygen being attached to the carbon of the nitrile group 
as shown by the electronic formulae: 


1—C=N— -1- d- 


R——O— 


A dash represents a two-electron bond. This formulation shows that it is possible 
to regard the nitrile oxides as the anhydrides of hydroxamic acids, to which, in 
fact, they are closely related by their method of formation. Benzonitrile oxide, 
C6H6C=N0, forms a mobile oil, with a penetrating odour, resembling that of a 
nitrile. It solidifies to a crystalline mass when strongly cooled, and melts at 15®. 
It is obtained by removing hydrogen chloride from benzhydroximic chloride by 
means of sodium carbonate solution. On keeping, it cpiickly polymerises to 
CflHbC-CCflH5 

diphenyUfuroxan^ || J| (TTicZawd, Ber. 40, 1667; 42, 4207). On 
NONO 

heating in xylene solution, it partly isomerises to phenyl isocyanate. It is de¬ 
composed by concentrated hyifrochloric acid to benzoic acid and hydroxylaraine, 
while zinc dust and glacial acetic acid reduce it to benzonitrile. It combines 
with methylmagnesium iodide to form acetophenone oxime: 

CJlsCNO —C4l5C(:NOMgI)CH, C,H.C(:NOH)CH,. 

{Cf. Beckmann transformation, p. 284.) 

A trimeric form of benzonitrile oxide is formed by the spontaneous decomposi¬ 
tion of an aqueous solution of sodium benzo-nitrolate, sodium nitrite being elimi¬ 
nated. Tribenzo-nitrile oxide, (CeH6CNO)s, decomposes at 130® with explosion 
when rapidly heated. In its reactions it resembles the monomeric compound. 
When heated in toluene solution it depolymerises, with formation of phenyl iso¬ 
cyanate, With aniline it yitdds diphenyl-urea, and when reduced it gives benzo¬ 
nitrile. Alcoholic hydrochloric acid decomposes it partly into dip}i€nylrl,2,4-oxa- 
diazole; 

NOC—CeHj 

—Ifo 

26. AMIDE OXIMES are obtained by the action of hydroxylamine on thio- 
amides (p. 308), nitriles (p. 305), imido-ethers (p. 308), and amidines (p. 309); 
and from hydroximic chloride by the action of ammonia. Their alcoholic solu¬ 
tions give a deep-red colour with ferric chloride. 

Benzenyl-amidoxime, benzhydroxamic amide, CeH 6 C(:NOH)NH 2 , m.p. 79®, 
gives the carbylamine reaction with chloroform and caustic potash. It is con¬ 
verted into benzamide by nitrous acid. It forms salts with both acids and caustic 
alkalis, such as C6H6 C( :NOH) -NH 2 HCI and CbHb-CC NHO :NOK. The latter 
yields ethers with alkyl iodides. Methyl ether, C«H 6 *C(NH 2 ) :NOCHi, m.p. 
57®, ethyl ether, m.p. 67® (Lessen, Ann. 281, 280). 
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Acetyl-benzenyl-amidozime, CeHs'CCiNHCOCHa) NHz, m.p. 16® (Sckule, 
Ber. 18, 1082). Benzenyl-oximido-carbonic ester, CJHsCC •NH 2 ) :NOCOOC 2 Hi, 
m.p. 127®. Benzenyl-ozimido-glycoUic acid, C«H 4 C(-NH 2 ):NO *011200011, 
m.p. 123®. Benzenyl-amidoxime but 3 ^c acid, 06H60(NH2) :N00H(02H*)- 
OOOH, m.p. 82® (Werner, Ber. 29, 2655). 

Formation of heterocyclic compounds from arnidoximes .—^The amidoximes con- 
dciiHe with aliphatic aldehydes giving hydrazoximes. The amidoxime acid deriva- 
tiveSj referred to above, when heated above their m.p. lose water or alcohol, 
forming azoximes. 


/NH 2 

CeH4.0< 

^NOH 


-l-CHsCHO 


NH—OHOH, 


- 1 I 2 O 


Xi- 

N-i 


Ethenyi- 

benzenyl- 

hydrazoxime 


.NH 2 -H.O .N-=CCH3 

04 H 4 . 0 <^ -> CeHs-O^ I Ethenyl-benzeiiyl- 

^NOCOCH, ^N—O azoxime 


OsHs 


^NH 2 


^NO* 


-CalUOH 


.NH—OO 


OOOOaHi 


< 1 ^^ Xi- 

I Benzenyl-oxyazoxime 
-0 (keto-form) 


OeHs-O^ 


/NH 2 


-HaO 


\l 


NOOH 2 OOOH 


.NH—OOv 

Benzenyl-amidoxime-glycollic 
anhydride (5-keto-dihy<lro-3- 
• phenyl-1,2,4-oxadia2ine). 

The amidoximes and the hydroxy-amidines are tautomerir: 

.NOH .NHOH 

- 0 <f and —04 


^NH 


Hydroxy-amidines are formed from imidochlorides by the action of /3-aryl- 
hydroxyLamiiies (Ley, Ber. 34, 2620; 36, 18). Benzenyl-phenyl-p-tolyl-hydroxy- 
amidine, 06 HgC(NC6Hb)N(C7 H7)OH, m.p. 175®, and benzenyl-p-tolyl-phenyl- 
hydroxy-amidine, 0eH60(NC7H7)N(06HG)0H, m.p. 191®, form the same phenyl- 
tolyl-benzamidine when reduced with sulphurous acid. 

27. HYDRAZIDOXIMBS are produced by the action of hydrazine hydrate on 
benzhydroximic chloride in alcoholic solution. Like the amidoximes they are 
amphoteric, dissolving in acids as well as in alkalis. The latter readily aecompose 
them, nitrogen being liberated. 

.NOH 

Benzenyl-hydrazidoxime, CeHs'C^ , m.p. 110° (decomp.), gives N- 

^NHNH* 

hydroxy-C-phenyl-tetrazole with nitrous acid. It condenses with benzaldehyde 
to benzal-benzenyl-hydrazidoxime, C6H6C0NOH)NH*N:CHC6H6, m.p. 120°. 
The latter readily anhvdridises with acid*^ to ChC'-diphenyl-triazole (Wielofid, 
Ber. 42, 4199): 


.NOH 

C.H4C<f 


NOOli 


NH—NH, 


.N(OH)-N 

_ I 


N-lIydroxy-C- 

phenyltetrazole 




NOH 




.CHC,H 5 


-H*0 


N-C—CcHg 

II 

^NH—N 


C,C'-Diphenyl- 
triazole 


28. HYDROXAMOZIMES (p. 260). Benzhydroxamoxime,^C(dl 4 C(NOH)- 
NHOH, m.p. 115® (decomp.), is formed by the action of hydroxylamine on 
benzhydroximic chloride. It gives a reddiph-brown copper salt, (C7H7N202)2Cu 
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{Ley, Ber, 31, 2126). Alkalis convert it into a red azo-coinpound, which is 
further hydrolysed to henzenylsunidoximc, and salts of bcinzo-nitrosolic acid 
{Wieland, Ber. 39, 1480). 

DERIVATIVES OF ORTHOBENZOIC ACID 

29. ETHYL ORTHOBENZOATE, GeHsCC 0021 X 5 ) 3 . b.p. 238®, is obtained 
from phenyl-chloroform and sodium etlioxide, or by the action of ethyl ortho- 
carbonate on phenyl-magnesium bromide {Tshitshibahin, IXcr. 38, 564). 

30. BENZOTRICHLORIDE, pfwnyUhloroform, CeHfi CCls, m.p. -22.5® 
{Hoase, Her. 26, 1053), b.p. 213°, sp. gr. 1.38, isomeric with the chloro-benzal 
chlorides, dichloro-benzyl (;hloridos, and the trichlorotoluenes. Bciizotrichloride 
bears the same relationship to benzoic acid as methyl-chloroform does to acetic 
acid. It is formed (f) by passing chlorine into boiling toluene until there is no 
further increase in weight {Beilaicm, Ann. 146, 330); (4?) by the action of phos¬ 
phorus pentachloride on benzyl chloride {Limpnchi, Ann. 139, 326). When 
heated to 100° with water it is converted into benzoic acid. When digested with 
anhydrous oxalic acid it gives benzoyl chloride and benzoic anhydride {Anschutz, 
Ann. 226, 20). It reacts with organic sulphonates with formation of sulphonyl 
chlorides and benzoyl chloride, or benzoates (Fr. Pat. 739,290). It readily con¬ 
denses w'ith anilines or phenols to form triphenyl-methane derivatives {Dobner, 
Ber. 15, 232; Orndorff, Am. 49, 818, 992). 

Benzo-triRuoride, CeH^CFa, b.p. 103®, is formed, together with difluoro- 
chloro-toluene, CflH 5 CClF 2 , b.p. 143°, by the action of antimony trifluoride on 
benzotrichloridc {S'warts, Bull. Belg. 1898). For chlorinated and nitrated benzo^ 
trichlorides, see Ger. Pats. 229,873 and 234,290; Spreckels, Ber. 52, 315; Sah, 
Tsing-Hua Rep. 1933. For halogcnatcd benzotrifluorides, sec Booth, Am. 57, 
2064, 2006. 

Orthobenzoic acid piperidide, CeHsCCN'CtHio)^, m.p. 80°, is formed by warm¬ 
ing benzo-trichloride w ith piperidine. 

The benzamide-halidcs (p. 306) also belong to the derivatives of o-bcnzoi(? acid. 

Substituted Aromatic Monocarboxylic Acids 

Only those monocarboxylic acids will here be dealt with which are 
derived from benzene by substitution of nuclear hydrogen atoms. 
Certain ortho-compounds have the power of forming internal anhy¬ 
drides or heterocyclic compounds, with elimination of water. 

See p. 296 for the behaviour of 2,6-substituted carboxylic acids 
when esterified with alcohol and hydrochloric acid. 

1. HALOGEN-SUBSTITUTED BENZOIC ACIDS are formed: 
1. By substitution of benzoic acids or nitriles. The first halogen 
atom to enter takes the m-position with respect to carboxyl (p. 14) 
{Varma, Indian, 7, 503). By oxidising p- and m-halogen-sub- 
stituted toluenes and higher homologues with chromic acid, and o- 
halogen-substituted hydrocarbons with dilute nitric acid, or potas¬ 
sium permanganate. In the animal organism, halogen-substituted 
toluenes are converted into the corresponding halogen-substituted 
hippuric acids (p. 301) {Hildebrandt, C. 1903,1, 411). 3. From the 
amino-acids (a) by converting them into the diazonium sulphates, or 
(6) by converting them into diazo-amino acids. When both classes 
of substances are boiled with halogen acids, the corresponding halogen- 
carboxylic acid is formed. Fluoro-benzoic acids have been prepared 
in this way from diazoamino-acids {Paterno, Gazz. 1882, 85), 

By the ac.tion of phosphorus pcmtachloride on hydroxy-acids (see salicylic 
acid). J. Nuclear synthesis: by heating the halogen-nitro-benzenes with 
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potassium cyanide and alcohol to 200-230®. The cyanide group takes the place 
of the nitro-group; it does not, however, take the same pla(;e in the benzene resi¬ 
due {Richter^ Ber. 8, 1418; Lobry dc Bruyn, Rec. 23, 47). At the temperature of 
the reaction, the nitrile is converted into the acid. //i-Chloro-nitrobcnzene gives 
o-chlorobenzoic acid, and p-chloro-nitrobenzene gives m-<4iloroboiizoic acid. 
6. From the halogen-substituted anilines, via the? diazonium compounds, etc, 
Propertieii and reactuma,- —T\h^. melting points of the ortho-lialogen-substituted 
benzoic acids are the lowest of the three, and t liose of the para-acids are the high¬ 
est, as the table below shows. The melting point ris(‘,s with inen^asing atomic 
weight of the substituting halogen. The ortho-dc^rivatives are fairly soluble in 
water, and form readily soluble barium salts, which permits their easy separation 
from rn- and p- derivatives. They do not readib^ react with magnesium, even 
though it be activated (Salklnd, C. 1015,1, 833). With ammonia and amines, 
and copper, o-chlorobcnzoic acid forms anthranilic and N-aJkyl-anthranilic 
acids (p. 325) {Ullnmnn, Ann. 355, 312). Sodium-o-chlorobenzoate, or a mix¬ 
ture of 0 - and p-chlorobenzoat(‘s is used ns a pn^servativo under the name of 
^‘Microbin.^^ The nu^lting points follow: 



f>i th«- 

nieta- 

para- 

Fluorobenzoic acid. 

. ..126.5°. 

. ..124°. 

.182° 

Chlorobenzoic acid. 

.. ..140° . 

.157°. 

.240° 

Bromobenzoic acid. 

... 147° . .. 

... 156°. 

.254° 

lodobenzoic acid. 

162° .. 

.187°... . 

...267° 


The separation of a- and p-halogenobenzoic acids has bt'en carrnal out making 
use of the principle of fractional neutralisation with alkalis, the ortho-acid having 
the highest dissociation constant, and therefon^ being the strongest acid, reacting 
with the greater amount of alkali (U. S. Pat. 1,942,820). 

Many polychloro-, polybromo-, and polyiodo-benzoic acids are known. All 
five hydrogen atoms of benzoic acid can be replaci^d by chlorine or bromine, o- 
Chlorobenzoyl chloride, m.p. 93-95® (10 mm.), is prepared by the action of 
chlorine on o-chlorobenzaldehyde at 140-160° (Clarke^ Org. Synth. 9, 34). 

2. lODOSO- AND lODOXY-BENZOIC ACIDS (p. 52). The three iodo- 
benzoic acids, when chlorinated in chloroform solution, give iodoch loro-ben zoic 
acids, and when these are treated with sodium hydroxidcj tlit'y give iodoso-benzoic 
acids (Willgerodf, Ber. 27, 2326). o-Iodoso-benzoic acid, Cy 6 H 4 (IO)COOH, 
forms leaflets with a satin lustre, melting above 200° (decomp.). It is also ob¬ 
tained from r7-iodobenzoic acid oy oxidation with fuming nitric acid (Meyer^ 
Ber. 28, 83), and from o-iodobenzoic acid or o-iodotoluene {Montague^ Weekbl, 
13, 1294) by oxidation with pota'^sium permanganate. o-Iodoxy-benzoic acid. 
C 6 ll 4 (I 02 )CbOII. is a by.produ ct in the last-mentioned reriction; it melts at 

/I(OH)v 

233°, with violent explosion. The formula CoHk > has also been sug- 

\CO—^ 


gested for o-iodoso-bcnzoic acid, as it yields an acetyl derivative whtni heated with 
acetic anhydride, in the same way as laevulinic .acid does; acetiodoso-benzoic acid, 


CeH4<( 


UOCOCHs) 

CO- 



, m.p. 166° (Askenasy^ Ber. 26, 1364). 


3. NITRO-SUBSTITUTED MONOCARBOXYLIC ACIDS. Not more than 


three nitro-groups have been introduced into the benzene residue of an aromatic 
carboxylic acid. 

NITROBENZOIC ACIDS. (1) Meta-nitrobcnzoic acid is the principal prod¬ 
uct when benzoic acid is nitrated; the o- and p-compounds are also formed, but 
in much smaller quantity (Wide'tnanHy Ann. 193, 202; Ilollemann, Z. physik. 
Ch. 31,79). 

(^) Nitrobenzoic acids have been obtained by oxidising the nitrotoluenes: 
o-nitrotoluene is oxidised with potassium permanganate (Monnet, Ber. 12, 443), 
or with nitric acid vapour at about 140° (RuSvS. Pats. 9,324 and 10,952) ; w- and 
p-nitrotoluene are oxidised with chromic acid mixture (Beilstein, Ann. 155, 26); 
and p-nitrotoluene has been oxidised electrolytically (Dunnhrooky Trans. Am. 
Electroch. Soc. 45). o- and p-Nitrobenzoic acids are also produced by oxidising 
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0 - and p-nitrobenzyl chloride with potassium permanganate {Noeliitig^ Ber. 17, 
385), and by oxidising o- and p-nitrocinnamic acids. 

{S) The nitrobenzoic acids are also prepared by converting the three isomeric 
nitranilines into the three nitrobenzonitriles. The nitration of benzonitrile gives 
m-nitrobenzonitrile almost exclusively. o-Nitrobenzonitrile has been obtained 
from o-nitraniline {Finner^ Ber. 28, 150). The nitro-acids are obtained, of 
course, by hydrolysing the nitro-nitriles with caustic soda. The melting points 
follow: 


o-Nitrobenzoic acid, 148® o-Nitrobenzonitrile, 110® 

m-Nitrobenzoic acid, 142® w-Nitrobenzonitrile, 118® 

p-Nitrobenzoic acid, 240® p-Nitrobenzonitrile, 149® 

o-Nitrobenzoic acid has a sweet taste, and <lissolves in 164 parts of water at 16°. 
When nitrated it gives 2,6-, ^.5-, and 2,4-dinitrobenzoic acids, and styphnic 
acid (p. 223). o-Nitrobenzoyl chloride, m.p. 25° (Mavrojoannis, C.r. 132, 
1054). m-Nitrobenzoic acid dissolves in 425 parts of water (16°). Its barium 
salt is difficultly soluble. When nitrated it gives 2,5-dinitrobcnzoic acid, p- 
Nitrobenzoic acid (cliloride, m.p. 75°; anhydride, m.p. 190°; see Thiele^ Ann. 
314, 305) is very sparingly soluble in water. When nitrated it gives 2,4- and 3,4- 
dinitrobenzoic acids. The el(M!trolysis of its warm solution in sulphuric acid gives 
p~atmnophenol suiphomc acid (Noyes, Am. Ch. J. 16, 511; Ger. Pat. 77,806). 
2,4-, 3,4-Diiiitro-, and 2,4,6-trinitro-benzoic acids arc obtained by the oxida¬ 
tion of the corresponding iiitrotokienes (p. 63). The dinitrotoluenes are oxi¬ 
dised by chromic acid mixture (Haussermatm, Ber. 27, 2209), or by potassium 
permanganate. TrinitrotohuuK^ is oxidised by a nitric acid-sulphuric acid mixture 
at 150-220®. 

o-Nitrobenzhydrazide, m.p. 120°, obtained from o-nitrobenzoic acid and hy¬ 
drazine hydrate, is a reagent for aldehydes and ketones (Sah, Rep. Tsing. Hua 3, 
461). 

Dinitrobenzoic acids, 2,3- m.p. 204°; 2,4- m.p. 183°; 2,5- m.p. 179°; 2,6- 
ni.p. 206°; 3,4- m.p. 165°, 3,5-(ordinary) m.p. 205°. 2,4,6-Trinitrobenzoic 
acid, (N02).tG<}IIiCOOH, obtained by oxidation of 2,4,6-trinitrotoluene, melts at 
210°, with loss ol carbon dioxide (Meyer, Ber. 27, 3154; Gri'U, Ber. 28, 2564; 
Jackson, Bor, 28, 3065; G(‘r. Pat. 77,559; Clarke, Org. Synth. 1, 528). It also 
loses carbon dioxide when boiled with water (Serarea7ia, Bull. 53, 1395). The 
following trinitrobenzoic acids are obtained by oxidising the corresponding trini¬ 
trotoluenes with nitric acid or chromic-.sulphuric acid: 2,3,4- m.p. 222-223°; 
2,4,5- m.p. 190-191°; 2,3,6- m.p, 160° (Gina, Lincei, 23, II, 484; Korner, 
liincei, 25, II, 339). Chlorimido-w-nitrobenzoic methyl ester, 

.NCI 

NOiiSlCelliC^^ , is formed by the action of diazomethanc on benzoyl-chlor- 

^oc:h3 

amide (p. 300); it occurs in two stereoisomeric forms, m.p. 88° and 84°; 
gaseous hydrogen chloridti reduces both to the same //?,-nitro-benzimido-methyl 
ether, Nd 2 C 8 H 4 C( :NH)OCH 3 , and when the latter is acted upon by sodium hy- 
jiochlorite, a mixture of the two isomers is re-formed (Hilpert, Am. 40, 156). 

NITRO-HALOGENO-BENZOIC ACIDS (Holleman. Rec. 20, 235; Purgollx, 
Gazz. 32, I, 526). o,rt-Fluoro-nitrobenzoic acid, Celia(N02)FCOOH, rn.p. 139°, 
obtained by oxidation of o-fluoro-niirotoluene, or by action of nitric acid on o- 
fiuorobenzoic acid (Goverl, Rec. 33, 325). In contrast with the other o,o-disub- 
stituted benzoic acids, it can be quite readily esterified (van Loon, Ber. 2Q, 842). 
4,6-Mononitro-chlorobenzoic acid, m.p. 165°, and two dinitro-chlorobenzoic 
acids, m.p. 238° and 200°, are formed by nitrating o-chlorobenzoic acid (Ger. 
Pat. 106,510). The nitration of m-bromobenzoic acid gives two o-nitro-acids, 
both of which yield anthranilic acid on reduction. These acids are 3-bromo-2- 
nitrobenzoic acid, m.p. 250°, and 3-bromo-6-nitrobenzoic acid, m.p. 139° 
(compare the equivalence of the six hydrogen atoms of benzene, p. 8). The 
halogen atom in the nitro-halogcn-benzoic acids is reactive, as in the case of the 
nitro-halogeno-benzencs (Schopff, Ber. 22, 3282). 

NITRO-PHENYLACETIC ACIDS, N02C«H4CH2COOH, are obtained by 
hydrolysing the nitro-benzyl cyanides with caustic alkali. These cyanides are 
obtained by acting on the nitro-benzyl chlorides with potassium cyanide (Gabriel, 
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Ber. 16, 2064; Bamberger, Ber. 19, 2635), When phenylacetic acid is nitrated 
the product is chiefly the p-nitro-<?ompound; but a little of the o-compound is 
formed together with some o,p-dinitro-phenylacetic acid, m. p. 166®. The latter 
can also bo obtained from 2,4-dinitro-pheiiyl-acetoacetic ester by hydrolysis with 
dilute sulphuric acid {Borsche^ Bor. 42, 2276). Their nitriles in ether solution 
form dark-brown or violet salts with sodium othoxide. These are presumably 
derivatives of the «ci-form (Opolski, Ber. 49, 2276). 

0 -, m-, p-Nitrophenylacetic acid, m.p. 141®, 120®, 152®, resp. 

0 -, W-, p-Nitrobenzyl cyanide, m.p. 84°, 61®, 116°, resp. 

NITROHYDROCINNAMIC ACIDS, N02C«H4CH2 CH 2 C00H. p-Nitro- 
and o-nitro-hydrocinnamic acids are produced by the nitration of hydrocinnamic 
acid. Both give the o,p-dinitro-acid when furthiir nitrated. The o-nitro-acid 
is also prepared from o-nitro-p-amino-liydrocinnamic acid, the primary reduction 
product of the o,p-dinitro-a(‘id, and from o-nitro-benzyl-malonic ester. The r??-- 
nitro-acid is obtained from p-acetoamirio-m-nitro-hydrcxannamic acid {Gabriel, 
Ber. 15, 846; Reissert, Ber. 29, 635; r/. also ///-nitrotoluene, p. 64). 

0 -, m-, p-Nitrohydrocinnamic acid, m.p. 115®, 118®, 163®, resp. 

e,p-Dmitrohydrocinnamic acid, m.p. 123® {Gabriel, Ber. 12, 600). 


0 - and p-Nitrohydratropic acids, NOir 6 HiCyH(CH 3 )-COOH, m.p. 110® and 
87°, respectively are formed by adding hydratropic acid to strongly cooled fum¬ 
ing nitric acid {Trimus, Ann. 227, 262). 

4. NITROSO-MONOCARBOXYOIC ACIDS. o-Nitrosobenzoic acid, C 6 H 4 - 
[2]NO[llCOOH m.p. 210 ® (decomp.), forms colourless crystals, which give a 
green solutioiK" It is obtainiid by oxidation of anthranilic acid with Caro^s acid 
(Bamberger, Ber. 36. 3651), and by photochemical change of o-nitrobenzalde- 
hyde in indilTcrent solvents. It is also formed by the action of ammonium cyanide 
on o-nitrobenzaldehyde {Heller, J. pr. 106, 1). In alcoholic solutions the follow¬ 
ing esters are produced: methyl ester, m.p. 157°; ethyl ester, m.p. 121 ® (Bam¬ 
berger, Ann. 371,319). When o-nilro-benzylidene-aii^tlitoe, C 6 H 4 [ 1 ]N 02 [ 2 ]CH:- 
NC«H 5 , is exposed to light it gives o-nitrosobenzamlide, C 6 H 4 (NO)CONHC 6 Hb 
(Sachs, Ber. 35, 2715; 36, 4373). Connected with these methods of formation is 
that of o-nitrosobenzoic acid by the action of ammonia on o-nitromandelic nitrile, 
N02ll]C6H4[2]CH(0H)CN, when hydrocyanic acid is eliminated {Heller, Ber. 
39^ 2335). o-Nitrosobenzoic acid is also formed when phenyl-hydroxy-indole is 
oxidised. 4-Nitro- and 2,4-dinitro-o-nitrosobenzoic acid are transformation 
products of 2,4-dinitro-, and 2,4,6-trinitro-benzaldehydo when exposed to light 
(p. 277). 0 -, W-, and p-Nitrosobenzoic apids and their esters, are also obtained 
by the oxidation of the corresponding hydroxylamino-benzoic acids, which are 
themselves formed by reduction of nitrobenzoic acids {Alway, Ber. 37, 333). 

5. HYDROXYLAMINO-CARBOXYLIC ACIDS. o-Hydroiqrlammo-benzoic 
acid, C«H 4 [ 2 ]NHOH[l]COOH, m.p. 142° (decomp.) forms brilliant needles. 
It is obtained by reducing o-nitrobenzoic acid with zinc dust and ammonium 
chloride. It has the general properties of hydroxylamine-compounds. It is 
oxidised to o-nitroso-benzoic acid, with which it condenses in alkaline solution to 
0 , 0 '-azoxybenzoic acid. On warming with dilute sulphuric acid, it is partly con¬ 
verted into 5-hydroxy-anthranilic acid, OH[5]C«Hal2]NH2[l]COOH, while the 
major part is converted into its anhydride: 

/COv /C(OH)v 

ii!l, 7 -Benzisoxazolone, C 6 H 4 <^ }0 (I) or C«l:l4\ | yO (//), m.p. 

\nh/ -/ 


112° (decomp,). This substance is an acid. The alkali salts must be regarded 
as derived from the hydroxy-anthranil formula (II) because of their very difficult 
decomposition to salts of c-hydroxylamino-benzoic acid. The alkyl- and acyl- 
benzisoxazolones derived from these alkali salts, however, must be regarded as 
derived from formula /, since on reduction they readily form N-alkyl- and N- 
acyl-anthranilic acids. 

CO- V 

N-Acetyl-benzisoxazolone, CeH 4 <, >0, m.p. 118°, is also formed 

\n(coch,)/ 
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by condensation of o-nitrosobenzoic acid with paraldehyde under the influence of 
light (Bamberger, Bor. 42, 2297). N-Metiiylol-benzisozazolone, 

C.H4< , m.p. 117“, is obtained from benzisoxazolone and formalde- 

^NCHaOH 

hyde, or by the rearrangement of o-nitroso-benzoyl-carbinol (p. 405). When 
heated with acids it gives mHhylcne-his-bemisoxazolone, m.p. 162® (decomp.). 
It follows that this compound will be produced when acids act upon o-nitroso- 
benzoyl carbinol or o-nitropheny I-ethylene oxide (p. 400) (Arndts Ber. 60, 454). 


6, Aromatic Amino-carhoxylic Acids 

Aromatic amino-carboxylic acids are obtained from the nitro- 
monocarboxylic acids by reduction. Like glycocoll, they form salts 
with alkalis as well as with mineral acids, but not with acetic acid. 
Hence they are precipitated from their alkali salts by the addition of 
acetic acid. Like glycocoll, too, these acids may be regarded as 
cyclic ammonium salts (Vol. I, p. 440). The hydrogen atoms of the 
amino-group can be replaced by alkyl or acyl groups. Dimethyl- 
amino acids can also be obtained from dimethyl-anilines by the action 
of carbonyl chloride and aluminium chloride. Acetamino-benzoic 
acids are prepared by oxidising acet-toluidides. The ortho-amino- 
acids readily form heterocyclic compounds, and give some interesting 
ortho-condensation products. Thus, o-aininobenzoic acid and o- 
amino-phenylacetic acids are closely related to indigo, and o-amino- 
hydrocinnamic acid to quinoline. 

Anthranilic acid, o-aminobenzoic acidy m.p. 145®, 

/COOH[l] /COO- 

CeHZ or CeHK 

\NH2[2] \NHa+ 

sublimes at low pressures substantially without decomposition 
{Scheuermann, Chem. Ztg. 27, 245), but breaks down into aniline and 
CO 2 when heated under ordinary pressures. Its aqueous solution has 
a sweet taste. Its solutions, especially those in certain organic sol¬ 
vents, show a blue fluorescence (Pawlewski, Ber. 31,1693). Anthra¬ 
nilic acid was discovered by Fritsche (1841), who obtained it from 
indigo by the action of potash. The oxidation can be accelerated by 
the addition of manganese dioxide {Hand, Ann. 234, 146). It has 
also been obtained: by reducing o-nitrobenzoic acid or either of the 
two w-bromo-p-nitrobenzoic acids (p. 319) with tin and hydrochloric 
acid, or electrolytically {Rao, Current Sci. 3, 552); by heating nitro- 
toluene (p. 63) with concentrated caustic potash {Preuss, Z. Angew. 
Ch. 1900,385; Scholl, Mo. 34,1011); from anthranil, or acetoanthra- 
nilic acid, or isatoic anhydride; or from isatin by the action of peroxides 
in alkaline solution (Ger. Pat. 375,616) (c/. o-chlorobenzoic acid). 
It is manufactured industrially by treating phthalimide, C 6 H 4 (CO) 2 - 
NH, with bromine and alkali {Hoogewerff, Rec. 10, 4; Tschemiac, 
Ber. 36, 218; Mohr, J. pr. 80, 1): C 6 H 4 (CO) 2 NK + KOBr -H 
2 KOH = C 6 H 4 (NH 2 )C 00 K + KBr + K 2 CO 3 ; by the action of 
sodium hypochlorite on phthalamic acid {Chapman, J. 127, 1791), 
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or by the action of alkali on phthalyl-hydroxylamine, C 6 H 4 (CO) 2 - 
NOH or C6H4(C00H)C(0H)N0H (Ger. Pat. 136,788). 

Nitrous acid acts on aqueous solutions of anthranilic acid, con¬ 
verting the acid into salicylic acid. An amyl alcohol solution of the 
acid is reduced by sodium to hexahydro-anthranilic acid, hexahydro- 
benzoic acid, and n-pimelic acid (Vol. I, p. 561) {Einhorn^ Ber. 27, 
2466). The lead and silver salts of anthranilic acid react with thionyl 
chloride, giving N-thionyUanthranilic chloride^ COC1C6H4-NSO, in 
brilliant yellow needles, m.p. 34-35® {Anschuiz, Ber. 62, 826). For 
the action of phosphorus pentachloride on anthranilic acid, see 
below. 

Methyl anthranilate, m.p. 25.5®, b.p. 125® (9mm.), is acharactoristio constitu¬ 
ent. of orange-blossom or neroli oil, and is also found in the oil from the flowers 
of Tuoerosa (Walbaum, Ber. 32, 1512; Hesae, Ber. 36, 1465); its solution has a 
strong blue fluorescence. Ethyl anthranilate, b.p. 260®. These esters can be 
obtained directly from phthalimide by the action of alkali hypochlorite on its 
alcoholic-alkaline solutions (Ger. Pat. 139,218), or from isatoic anhydride by the 
action of sodium ethoxido and water (Bredt, Ber. 33, 28). The amide, m.p. 108®, 
was prepared by Kolbe in 1885 (J. pr. 30, 467), by the action of ammonia on 
isatoic anhydride. aii-Phenylhydrazide, m.p. 134® (Eoesler^ Ann. 301, 89). 

Anthranilic nitrile, o-amino-henzonilrile^ NH2[2]C6H4CN, m.p. 49®, b.p. 267®, 
is obtained by the action of stannous chloride and hydrochloric acid on o-nitro- 
benzonitrile ( Rcissert, Ber. 42, 3711), or by removal of water from o-amino-benz- 
aldo-xime (Gabriel. Ber. 36, 804). When heated with ammonium sulphide, it 
gives the thioamide, NH 2 C«H 4 CSNH 2 , m.p. 122®, and with nitrous acid it forms 
a diazo-compound, which is reduced by stannous chloride to y-amino-indmole 
(Boaertf Am. 25, 372; Heisseri^ Bor. 42, 3716). 

The chloride of anthranilic acid is itself not known, but its hydrochloride has 
been prepared. Antluanoyl-chloride hydrochloride, CIOG [ 1 ] CJL [2] MH* • HCl, 
is formed by tlie action of hydrochloric atad on an ether solution of o-thio7iyU 
amino-benzoyl chloride, CIOC* [1]C6H4[2JN:S:0. From anthranoyl chloride 
hydrochloride and acetylene-dimagnesiurn bromide, di-anthranoyl-acetylene, 
H 2 Nl 2 ]C 6 H 4 [llCO-C;C-COliqC 6 H 4 [ 2 M-NH 2 , m.p. 161-162® (decomp.) has 
been obtained (Anschutz, Ber. 62, 826; Ann. 493, 241). With phosphorus penta¬ 
chloride, anthranilic acid gives the compounds ClOC*C 6 H 4 'NH-POCl 2 , m.p. 
62®, and [(C10C-C6H4NH)2PO]2N-C«H4COCl, m.p. 148-153® (Uhlfelder, Ber. 
36, 1824). 

Anthranilino-sodium-methylene sulphoxylate, COOH • C 6 II 4 NH • CTLOSONa 
4 - 2 H 2 O, m.p. 96®, obtained from anthranilic acid and sodium formaldehyde- 
sulphoxylate, gives N-sulphethyl-anthranilic acid, COOH*C 6 H 4 -NH-S-02116, 
m.p. 97-99®, when treated with ethyl-mercaptan (Binz, Ber. 53, 2017). 

Formyl-anthranilic acid, CH 0 NH[ 2 ]CeH 4900 H, m.p. 169°, is obtained by 
boiling isatoic anhydride with formic acid, by the action of formic acid on an¬ 
thranilic acid, by the action of chromium trioxide on formyl-isatin (Ilantzsch, 
Ber. 57, 195), and by the action of chloroform and caustic potash on anthranilic 
acid (Passerini, Gazz. 58, 636). On heating, it condenses to 4-keto-dihydro- 

< CO •NC 6 H 4 COOH 

I (A nschutz, Ber. 35 , 3475). 

isr ^'" ~OH 

Acetoanthranilic acid, CH 3 CONHC«H 4 COOH, m.p. 186°, is produced when 
anthranilic acid is treated with acetic anhydride; by the oxidation of acet-o- 
toluidide with potassium permanganate in the presence of magnesium sulphate 
(Ullmann, Ber. 36, 1801); and by the oxidation of methyl-ketol and of quineddine. 
The methyl ester m.p. 61°, and the amide, m.p, 170®, have been obtained from 
methyl anthranilate and anthranilamide, respectively. When acetoanthranilic 
acid, or its ester, is heated with phosphorus oxychloride, the so-called dianhydro- 
diaceto-anthranilic acid, Ci 8 H| 4 N 204 , m.p, 250®, is formed. When heated with 
acetic anhydride to 150®, or by itself to 200-210®, acetoanthranilic acid is partly 
anhydridised to acetoanthranil, and partly condensed to methyl-dihydro-quinazo- 
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/CONCeH4COOH 

lone-henzoic acid. C«H 4 < | (Anschutz, Ber, 35,3470). 

\n=cch, 

Benzoyl-anthranilic acid, C 8 H 6 CONHC 6 H 4 COOH, m.p. 183®, see Bamberger, 
Ber. 26, 1304; Heller, Ann. 324, 134. N-Acetonyl-anthranilic acid, COOH-- 
C 8 H 4 *NH*0112000113, m.p. 169-170®, has been prepared from anthranilic acid 
by the action of chloroacetone in aqueous potassium carbonate {Houben, Ber. 43, 
3533). Benzene-sulphone anthranilic acid, C8H5S02NHCeH4C00H, m.p, 214® 
chloride, m.p. 155® (Schroeler, Ann. 367, 104). 
yOHv 


Anthranil, C 6 H 4 <^ see p. 278. 

xoo 

Acetoanthranil, C«H 4 <; I 

NN=C0H* 


'-NCOCH3 


m.p. 81® 


b.p. 147® (14 mm.), can be obtained from anthranil or acetoanthranilic acid, or 
carbethoxy-arithranilic acid, by the action oi ii(*etic anhydride. It must there¬ 
fore be regarded as a true anhj'^dride of acetoanthranilic acid. With ammonia it 
gives o-acetamino-benzamide, and with aniline and other amines it gives deriva- 

/OONR 

tives of methyl-dihydro-qumuzolonr I . Benzoyl-anthranil 


-CCH 3 


Benzoyl-anthranil 


C6H4^ I or C6TT4<f 1 , m.p. 122®, behaves similarly. It is ob- 

\N=C * Cells ^NCOCelTft 

tamed from benzoyl-anthranilic acid by removal of water; from anthranilic acid, 
benzoyl chloride', and pyridine m the cold; and by heating anthranil for several 
hours witli bcaizoyl chloride {Anschulz, B(*r. 35, 3480; Heller, Ber. 36, 2766). 
The ready formation of acyl-anthranils from the acyl-anthranilic acids, and tlic 
close relationship (^xistiiig l)etween these compounds and the quinazolones point 
to the first formula for acetoanthranil, rath(T than the second. This is sup¬ 
ported by tlu* anhydndt^ formation of those acyl-anthranilic acids, such as ben- 
zeiKi-sulphone-antliranihc a<'id, and picryl-anthraniUc acid, in which the forma- 

/COO 

lion of compounds of the formula C 6 ll 4 <v I impossible. In these cases 


or C6Tl4< I 


dimok'cular anhydride's are formed inst(\‘id of -lactams, C 6 ll 4 ^ 


'^NCOU 


di-anthranilides (below), and Schroder, Ann. 367, 124. The acyl-anthranils 
must therefore be regarded as «, ^-benzometoxazines and are closely related to the 
anhydrides obtained from benzoyl- «-amino-acids, such as hippuric acid, benzoyl- 
alanine, etc. (p. 302). 

Dimolecular anhydrides of anthranilic acid {Schroder, Ann. 367, 101). Di- 
molecular anhydrides are known of anthranilic acid: anthranoy I-anthranilic acid, 
anthranoyl-anthranilic anhydride (aiithranoyl-anthranil), and dianthranilide; 
all these can be decomposed to anthranilic acid. 

Anthranoyl-anthranilic acid, NH 2 ( 2 ]C 6 n 4 [l]CONH[ 2 ]C 6 H 4 | 1]C001I, m.p. 
203®, is formed: (/) by reduction of o-nitro-benzoyl-antliranilic acid; {2) by 
condensation of anthranilic acid with isatoic anhydride and hence {$) as an inter¬ 
mediate product in the industrial preparation of anthranilic acid from phthalimidc, 
sodium hypochlorite and sodium hydroxide {Mohr, .J. pr. 80, 1). When heated 
above its melting point, or, more readily, by the action of thionyl chloride, water 
eliminated, and anthranoyl-anthranihc-O-anhydride, anlhrarioyUanlhranil 
yCOO 

C 6 H 4 C I , m.p. 162®, is formed as yellow needles, which readily 

\N=CC8H4NH2 

polymerise on heating. Its henzene-sulphom compound, 
yCOO 

C 8 H 4 C I , m.p. 273®, is formed by the action of benzene 

\N=CCeH4Nn -SOaCsHg 

sulphonyl chloride on anthranil {Mohr, Ber. 40, 997). By repeatedly treating 
anthranoyl-antliranilic acid with nitro-benzoyl chloride, and then reauoing the 
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product, anhydrides of anthraiiilic acid are obtained which resemble the poly¬ 
peptides in nature, e.g,, NHaC.H 4 CO NHC«H 4 CO NHCeH 4 COOH, etc. {Meyer, 
Ann. 351, 267). 

/NHCOv 

Dianthranilide, C«H 4 ^ ^ 6 H 4 , m.p. about 330®, colourless needles, is 

^CONH/ 

obtained from itv*? monoacetyl-compound, which is itself prepared by the action of 
concentrated sulphuric acid and glacial acetic acid on dibenzene-sulphone-dian- 
thraiiilide, by boiling with sodium nydroxide. It is a weak dibasic acid, and gives 
a disodium salt, which, on methylation with dimethyl sulphate, gives N,N- 

.N(CH,)‘COv 

dimethyl-dianthranilide, C«H 4 ^ >C 6 H 4 . Dianthranilide is broken 

\C0(CH8)N/ 

down into two molecules of anthranilic acid by boiling with concentrated alkali. 

/N(S02C6H6)C0v 

Dibenzene-sulphone-dianthranilide, C6H4<f >C6H4, m.p. 264®, is 

^C0(C4H5S02)N/ 

formed by heating benzene-sulphone-anthranilic chloride with pyridine. 

Carbozyl-anthranilic dimethyl ester and diethyl ester, C 6 H 4 (NHCOOCH,)- 
COOCHa, m.p. 61®, b.p. 166® (12mm.), and m.i). 44®, b.p. 174° (10 mm.), are 
obtained by the action of sodium alkoxides on pnthalimide chloride or bromide, 
C 8 H 4 (C 02 )NBr; further action converts them into the hydrogen isatoic esters: 
N-carbomethoiy- and N-carbethoxy-anthranilic acids, C6H4(NHC02Alk)C00H, 
m.p, 181° and 126°, also obtained from anthranilic acid by the action of chloro- 
formic esters, and from isatoic anhydride by heating it with alcohols. Treat¬ 
ment with acetyl chloride converts them into: 

>co*o 

Isatoic anhydride, C 6 H 4 <f I , m.p. about 240° (decomp.). This sub- 
^NH CO 


stance was first obtained by oxidising a solution of indigo in glacial acetic acid 
with chromic acid {Kolbe, 1885), and later from anthranil and anthranilic acid 
by the action of chlorocarbonic esters {Niementowski, Her. 22, 1672). It has also 
bwn obtained by passing carbonyl chloride into sodium anthranilate solution. 
It is very difficultly soluble in water. With alkalis or alkaline earths, it forms 

/COO 

unstable salts of the formula C*H 4 <r I from which carbon dioxide re- 

\N=C)OMe 

generates isatoic anhydride. With excess of alkali, salts of isatoic acid are first 
formed, but these, when digested with alkali, or instantly on adding acids, are 
broken up into carbon dioxide and anthranilic acid. Free-isatoic acid cannot 
therefore be obtained {Erdmann, Ber. 32. 2159; Bredt, Ber. 33, 21; Mohr, J. pr. 
79 j 281). Ammonia, hydrazine, phenylhydrazine, and hydroxylamine convert 
it into the corresponding derivatives of anthranilic acid (Meyer, J. pr. 33, 18; 
Finger, J. pr. 48,92). Isatoic anhydride is an intermediate product in the manu¬ 
facture of anthranilic acid from phthalimide, sodium hypochlorite, and sodium 
hydroxide, and can be isolated if excess of sodium hydroxide is avoided. The 
processes involved are represented in the following formulae {Mohr, J. pr. 80, 1): 



NaOII 


.COONa 

C<,H4< 

^CONH, 



-NaCl 


transform 

mation 



NaOH 


C,H4<(| 


COONa 

NHCOONa 


\NH2 


Kynuric acid, oxalyl-anihranilic acid, COOH • CONH( 2 ]C 6 H 4 [ 1 ] COOH -f HjO, 
m.p. (anhydrous) 1 ^° (decomp.) is an oxidation product of quinoline derivatives, 
su^ as kynurine, kynurenic acid, a-phenyl~quinoline, carhostyril (p. 468), ana 
aceio-tetrahydro-quinoline, and of indoxylic add. It is also formed by a rearrange¬ 
ment of N-hydroxy-dihydro-indole, taking place at ordinary temperature {Heller, 
Ber. 55, 480). It has oeen synthesised by heating anthranilic and oxalic acids 
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oii melting. In alcohol, 2- 


ni.p. 173° is formed 


at 130° (Schiff, Ber. 17, 401; KreUchy, Mo. 5, 16). Its nwiioethyl ester^ 
COOC 2 HdCONHf 2 ]C«H 4 [l]COOH, m.p. 180°, is an oxidation product of in- 
doxylic ester (Baeyer, Ber. 15, 778). 

Oxalyl-antlvaniiic-nitrile acid, o-cyanoxtiriilic acid^ COOH*CONH[21- 
C6H4[11CN, m.p. 126°. Its methyl ester, m.p. 139°, has been obtained by con¬ 
densing o-amino-benzonitrile with methyl oxalate. Under the influence of dilute 
acids, oxalyl-anthranilic-nitrile acid rearranges to 4:-kcio-dihydroqui7wzoline-2- 
yCONH 

carboxylic add, C8H4V I (Reassert, Her. 42 , 3710). The same tend- 

^N-=CXOOH 

ency to heterocyclic ring closure, and formation of quinazolone compounds is 
observed when anthranilic acid is treated with cyanogen. In water the reactants 
combine to form the nitrile of the last-named acid, 2-cyano-il,4-dihydro-quin- 
/UjeONH 

azolone, C 6 H 4 <C 11 , which de<?omposes 

^[2]N-=C^CN 

/CON 

ethox7-l,4-dihydro-4-quinazolone, C 6 H 4 < || , 

\nHCOC2H» 

(Griess, Ber. 2, 415). The latter is converted by ammonia into 2-amino-l,4- 

/[IICON 

dihydro-4-quinazolone, C«H 4 <f ll , and when this is heated w ith 

\[2[NHCNH2 

methyl iodide in strongly alkaline solution, a-o-henzo-creatinvtic, 

[l]CO-N 

C 6 H 4 <^ [I , is formed (Griess Ber. 11, 1986; 13, 977). 

\[2JN(CH3)--C-NH2 

Methyl-anthranilic acid, CHr«NH[ 21 CeH 4 [l)COOH, m.p. 182°, is obtained by 
the action of methyl iodide and sodium carbonate on anthranilic acid, or by the 
action of dimethyl sulphate on anthranilic acid in methyl alcoholic, or aqueous 
solution. It is also formed by the action of methylamiiie and copper on o-chloro- 
benzoic acid (Ger. Pat. 145,604). The methyl ester, CH 8 NHC 6 H 4 COOCHS, 
m.p. 18°, b.p. 129° (13 mm.), occurs in the oil from the leaves and skins of man¬ 
darin oranges (Citrus nobilis) (Churabot, V.r, 135, 580). When heated with sod- 
amide, or alkali- or alkaline-earth-amalgams, the acid is converted into ludoxyl 
and indigo, and its N-acyl derivatives enter into this reaction even more readily. 
Formylmethyl-anthranilic acid, OHON(CH 8 )C 6 H 4 COOH, m.p. 169°, and 
formyiethyl-anthranilic acid, m.p. 119°, <-aii be prepared by oxidising methyl- and 
ethyl-quinolinium salts with permanganates (Ullmann, Ber. 36, 1806; Ger. Pat. 
139,393). N-Nitrosometiiyl-anthranilic acid, NO N(CH 3 )C 6 H 4 COOH, m.p. 
127°, is ubtaira^d by the action of nitrous acid on methyl-anthranilic acid, or by 
oxidising nitrosomethyl-«-toluidine with potassium {M*rmanganate ( Vorlduder, 
Ber. 34, 1644). Under the influence of hydrogem chloride it polymerises to 5- 
nitrosomethyl-anthranilic acid, NO| 5 ]C 6 H 3 [ 21 NHCH 3 [l jCOOH, and this, w^hen 
boiled with sodium carbonate solution, loses methylamine and gives 5-nitroso- 
salicylic acid (p. 361). When the aqueous solution of its potassium salt is heatt^ 
with acetic anhydride it gives an intense blood-red compound, soluble in w^ater 
(Hoiiben, Ber. 42, 2745; 43, 3533), On further methylation, methyl-anthranilic 
acid gives dimethyl-anthranilic acid, (CH 4 ) 2 N( 2 ]C«H 4 llJCOOH, m.p. 70°, and 

/NCCIWa" 

anthranilic betaine, CeHK , m.p. 227°. At 240°, the 

Voo- 


latter rearranges to methyl dimethyl-anthranilate, b.p. 121° (11 mm.) (Will- 
stdUer, Ber. 37, 411). See also m -and p-aminobcnzoic acids (p. 328), and anilido- 
acetic acid (p. 90), and betaine (Vol. 1, p. 442). Ethyl-anthranilic acid, m.p. 
163° (Houben, Ber. 39, 3236). Diethyl-anthranilic acid, m.p. 121° (Meyer ^ Mo. 
25, 487). 

Aryl-anthranilic acids are formed by heating o-chlorobenzoic acid with aro¬ 
matic amines, in the presence of copper (Ullmann, Ann. 355, 312). When heated 
alone they split off carbon dioxide, and give diphenylamines (p. 84), and when 
heated with concentrated sulphuric acid^ tney give acridones. I%enyl-anthranilic 
acid, C*H 6 NHC 6 H 4 C 00 H, m.p. 181°, is also obtained by deaminating anilido- 
phenyl-anthranilic acid. Diphenyl-anthranilic acid, (C»H6)tNCtHiCOOH, m.p. 
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208®, is obtained by the action of iodobenzene on phenyl-anthranilic acid, in the 
presence of coj^r. When heated, it decomposes into carbon dioxide and tri- 
phenylamine {Uoldberg, Bor. 40, 2448). Picryl-anthranilic acid, (N 03 )»C®H 2 - 
NHC«H4C00H, m,p. 272® (Schroder. Ann. 367, 118). Diphenylamme-o,o'-, 
and o,p'-dicarboxylic acids, CO 2 HC 6 H 4 NHC 6 H 4 COOII, m.p. 295®, 296®, 
and 290® (decomp.), respectively, arc obtained from o-chlorobcnzoic acid and o-, 
m-, and p-aminobenzoic acid, respectively (Ullmaufiy Ann. 355, 362). sjym- 
Diphenyl-p-phenylene-diamine- 0 , 0 ^-dicarboxylic acid, sytn-p-phenyleiie-diamine- 
his-o4)enzenv-carboxylic acid, COOli [ I ] CsIL [2] NH [ 11 CelL 1 4 ] NH [ 2] C 6 H 4 [ 1 ] - 
CO 2 H, m.p. 288® (decomp.), is obtained from p-dibromobenzone and anthranilio 
acid, in the presence of copper (Ger. Pat. 173,523). 

Formaldehyde condenses with anthranilic acid in various molecular proportions, 
according to the conditions. 

Methylene-dianthranilic acid, forrnaldehyde-dianlhranilic acid, CH 2 (NH[ 2 l- 
C 6 H 4 C(X)H) 2 , m.p. 158® (decomp.), is formed from 2 mols. of anthranilic acid and 
1 mol. of formaldehyde. Methyl-alcoholic hydrogen chloride converts it into 
m-diamino-diphenyUmethane-iiicarboxylic acid, CH 2 [C 6 H»(Nn 2 )COOH ]2 (p. 84); 
by acetylation with acetic anhydride and sodium acetate, methyleiie^iaceto- 
anihraidlic acid, CH 2 [N(COCH 3 )C 6 H 4 COO?T] 2 , is formed. Potassium cyanide 
splits formaldehyde-<lianthranilic acid into anthranilic acid and anthranilido- 
acetonitrile (Heller, Ann. 324, 118). 

By condensation of equimolccular proportions of formaldehyde and anthranilic 
acid, and its N-mono-substitution products, (X) 2 HC 6 H 4 NHR, the formalides are 
obtained. These substances are insoluble in alkalis, and may be used for charac¬ 
terising, and isolating, substituted anthranilic acids, as they are readily resolved 
into their components by heating with acids or alkalis. Anthranilic formalide, 
yNII CH 2 

C*H 4 <^ I , m.p. 145-148® (decomp.). N-phenyl-anthranilic-formalide, 

^COO 



N(C.H5CH2 
CO-(!) 


When treated with potassium cyanide, or alkali bisulphite, the formalides are 
decomposed with formation of salts of w-cyano-methyl-anthranilic acids, 
/NHCH 2 CN 

CeH 4 V f and co-sulpho-methyl-anthranilic acids, 

\C00H 

/NHCH2OSO2H 

CeH 4 <C • Anthranilic acid combines with excess of formalde- 

\COOH 

hyde on heating to form anthranilic diformalide. This is a heavy yellow oil, in¬ 
soluble in alkali, which combines with 1 mol. of potassium cyanide to give a 
yN(CH2CN)CH2 

mononitrile, CflH 4 <; I , m.p. 105®, and with 2 mols. of tx)tassium 

\co-o 


/N(CH2CN)2 

cyanide to give anthranilido-diacetonitrile, CeH 4 <C , m.p. 168-171® 

^COOH 


(decomp.) (FifZtpcr, Ber. 42, 3534; Ger. Pat. 216,749). Methylene-anthranilic 
acid, COOHCsILN:CH 2 , m.p. about 210® (Houben ,Ber. 41, 1565). 

Phenyl-glycine-o-carboxylic acid, anthranilido-acetic add, COOH[ 2 ]C®H 4 NH- 
CH 2 COOH, m.p. 215® (decomp.), has become of great technical importance be- 
cau^ of its transformation into indoxyl and indigo . It is formed: (/) from chloro- 
acetic and anthranilic acids, in neutral solution; with excess of chloroacetic acid, 
anthranilido-diacetic acid, COOHC8H4N(CH2COOH)2, m.p. 212® (decomp.), is 
obtained (Vorldnder, Ber. 33, 3182); (2) by heating anthranilic acid with poly- 
hydric alcohols, such as glycerol, mannitol, etc. (Ger. Pat. 111,067); (3) by 

hydrolysis of anthranilido-acetonitrile, COOH[ 2 ]C 6 H 4 NHCH 2 CN, m.p. 181® 
(decomp.) which is obtained from anthranilic acid, formaldehyde, and potassium 
cyanide, or by decomposing formaldehyde-anthranilic acid, or anthranilic formal¬ 
ide with potassium cyanide (HeUer, Ann, 324, 114; Kohner, J, pr. 63, 392; Bu- 
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cherer, Ber. 39, 989); (4) from o-chlorobenzoic acid by heating with glycocoll in 
the presence of alkaline carbonates and copper (Ger. Pats. 172,507 and 143,902). 
When heated with caustic alkalis, or acetic anhydride and sodium acetate, the 
acid is converted into indoxyl anci its derivatives, which are in turn readily con¬ 
verted into indigo: 


/NHCH 2 COOU 

2C«H4< 

^COOH 


2 C( 


/NH - V 

JeHZ >C 
X;(OH)^ 


CCOOII 




The esters: dimethyl ester, m.p. 97°; diethyl ester, m.p. 75°, condense to 
indoxyhc eslna under the influence of sodium ethoxide. The condensation of 
anthranilido-acetic acid, and its esters, is facilitated by acyl or alkyl groups 
attached to the nitrogen atom: acelo^tiUhranilido-cicetic acid, COOHC*Il 4 N- 
(C0CH3)CH2C00H, m.p. 214° (decomp.); diethyl ester, m.p. 64°. Methyl^ 
anlhranilido-acctic acid, COOHC 6 H 4 N((jH-i)CH 2 COOH, m.p. 189° (decomp.) 
(Vorldnder, Ber. 35, 1683). Phenyl-anthranilido-ncetic acid, COOHC 6 H 4 N- 
(C 6 H 6 )CH 2 C 00 H, m.p. 166°. The nitrile of this acid is obtained by the action 
of potassium cyanide on anthranilic-formalide (Ger. Pat. 216,749). 

p-Sulpho-anthranilic acid, S 03 H[ 4 ]NIl 2 l 2 ]C 6 H 3 C 00 H, is obtained from o- 
nitro-toluene-sulphonic actid and sodium hydroxide, a method similar to the for¬ 
mation of anthranilic acid from o-nitrotoluene (p. 321; Ger. Pat. 138,207). For 
o-thionyl-aminobenzoyl chloride, sec p. 322. 3,5-Dibromo-anthranilic acid, 
m.p. 232°, is obtainejd from o-nitrotoluene (Friadlander, Mo. 28, 987), or an¬ 
thranilic acid by the action of bromine {Elion, Rec. 42, 145). Five of the six 
possible dichloro-anthranilic acids are known {Vtlhger, Ber. 42, 3533, 3549; Ger. 
Pats. 216,749 and 220,839). Teirachloro-unlhranilic acid, Cl4C6[2]NII 2 [ 1 ]COOH. 
m.p. 182°, is obtained from tetrachloro-phthalic anhydride {Vtlliger, loc, cit.), 
5-Nitro-anthranilic acid, N02(5]NH2l2jC6H3C00II, m.p. 269°, is obtained bj" 
various methods, for example, tlirough its aceto-compound, m.p. 221°, which is 
itself obtained by oxidation of nitro-aceto-toluidide with calcium permanganate 
(Ullmann.Ber, 36, 1801), and together with the isomeric acid, N02[4]NH2[2]- 
CeHgCOOlI, by the acjtion of potassium hypobromite on 4-nitro-phthalimide 
(Seidel, Mo. 23, 415). Similarly, 3- and 6-nitro-anthranilicacids, m.p. 203° and 
180° (dccomp.), are formed by the action of potassium hypobromite on 3-nitro- 
phthalimide (Kahn, Ber. 35, 472, 3863). Dinitro-anthranilic acid, (N02)2[3,51- 
NH2[2]C6n2COOH, m.p. 265°, is obtained by the action of ammonia on dinitro- 
chlorobenzoic aend. 5-Nitroso-N-alkyl-anthranilic acids, sec Hoiiben, Ber. 53, 
2352. 

Formation of heterocyclic compounds by anthranilic acid and its derivatives. —It is 
evident from that fact that anthranilic acid forms acyl-anthranils, isatoic an¬ 
hydride, and indoxyl, and other substances mentioned above, that the acid and 
its derivativcKS readily form heterocyclic systems by “ortho-" condensation 
[cf. o-amino-bcnzyl-alcohol (p. 262); o-amino-benzaldehyde (p. 279); and 0 - 
amino-acetophenone (p. 286)]. 

Acetyl-anthranilic acid and phenol condense on heating to acridone, which i^ 
also formed when phenyl-anthranilic acid is digested with concentrated sulphuric 
acid (Schopf, B(^r. 25, 2740). Anthranilic acid condenses with acetophenone and 
acetoacetic ester to give derivatives of quinoline (Niementowski, Ber. 27, 1396). 


C«H4<;^ 


/[l]COOH 

OeH4< 

\[2]NHC6H6 
[IjCOOH 

+ 

[2]NH2 




yCO. 

CftH 4 < >CeH 4 Acridone 
\nh/ 


'-NR 


CHg COOaHe /C(OH)= 

I -> C5H4^ 

CO • CH 3 ■“ 


=CCOOH 


y-Hydroxyquinaldine-/3- 
carboxylic acid 
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-2H*C) 
-► 


o^Bemoykrte-urea, is formed when aiitfiranilic acid, or anthranilamide is heated 
with urea, and by heating N-carbethoxy-o-aminobenzamide (Griess, 1809; Aht, 
J. pr. 39, 148). It is also formed by the action of mineral acids on uramido- 
benzoic acid {Pool, Ber. 27, 976). Derivatives of keio-dihydroquinazolme are 
formed on heating formyl-, acetyl-, and benzoyl-o-aminobenzamidcs. The 2 - 
mcthyl compound is obtained by the action of acetamide on anthranilic acid, by 
the action of ammonia on ethyl-acetamirio-benzoate, and by the action of acetic 
anhydride on anthranilo-nitrile (Weddige^ J. pr. 36, 141; Ahty J. pr. 39, 140; 
Niementowski, Ber. 27, R 616; Bogert, Am. 24, 1031; 25, 372). a-Phenvl-|3- 
Jketo-dihydroquinazoline is formed when ethyl anthranilate is heated with benz- 
imino-ethyl ester {Finger^ J. pr. 74, 154). The condensation products of an¬ 
thranilic acid and cyanogen have been mentioned above. 


/[IJCOOH CH, 

C.H4< -f I 

\[21NH2 COCftHfi 


«-Phenyl- 7 -hydroxy* 

quinoline 


CXOH)=CH 




[IICOOH 

(2]NH-C0-NH2 1 

[IjCONHj I 

i. 

PlNHCOOCaH* 


-11 .<» 


-O HkOff 


CO—NH 


II 

J 

NH—CO 


o-Benzoylene-urea 
(di keto-tetrahydroquinazoline) 



[1 jeONHj 
[21NHCHO 


,[l]COOC,Ht 

CeH4< -f 

^[2JNH2 




• IS 

nJ: 


CONH 
E 


i5-Keto-dihydro- 

quinazoline 


NH. 

C,H.CK 


- 2 fMiuOii /CO*N 

-> CeH/ j! 

^NH-C-CeHs 


«-Pheny l-/ 8 -d ihydro- 
quinazolone 


Anthranilamide reacts with nitrous acid with the direct formation of bem^ 
azirnide; ethyl anthranilate gives the same product indirectly, o-diazo-henzoic 
ester^ C 4 H 4 (COOC 2 H 5 )N 2 Cl, being first formed, and then acted upon by the am¬ 
monia. Similarly, anthranil-thioamide (p. 322), gives thiohemoazimide (Reis- 
sert, Ber. 42, 3719). o-Diazoaminobenzene-carboxylic ester, m.p. 76°, gives 
hemazanil {l-keto-2~phenyl-4ih,ydro‘‘i^2,*dd>e7izot7'uizine)^ wdien boiled with alcohol 
{Finger, J. pr. 37, 431; MeJumr, J. pr. 64, 70). 


C,H4<^ 

C,H 4 <^ 


[IJCONHj 

[2]NH,HC1 

[l]COOC,Hs 

I2]N:N-NHC,H, 


NOOH 


CO~NH 


-i 

I, 


Benzazimide 


-CsHsOH 

- y 


/CO—NCrfL 

CbH 4 <^ I Benzazanil 


m-and p-AMINOB£NZOICACIDS, m.p. 173°and 186°. respectively; methyl 
esters, m^. 36-38° and 112°; ethyl esters, b.p. 294°, ana m.p. 91-92°, respec¬ 
tively. The aceto-compounds of the fr^ acids, m.p. 248° and 250°, are pro¬ 
duced by oxidising m- and p-acetotoluidide with permanganates (C///mawn, Ber. 
36, 1801). A number of derivatives of p-aminobenzoic acid are used as anaes- 
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thetics; the ethyl ester is known as anae8thef<in, and the isobutyl ester as cycloform. 
For condensation products of anaesthesin with acyl chlorides, see C. 1931, 1,1276. 
p-Aminobenzonitrile, m.p. 86®, m-aminobenzonitrile, m.p. 63® (Bogert, Am. 25, 
478 : 26, 464). m- and p-Methyl-aminobenzoic acids, CHaNHC^H^COOH, m.p. 
127® and 161®, respectively, are produced by methylating the amino-acids with 
dimethyl sulphate, or with alkali carbonate and methyl halides; the latter reac¬ 
tion is of general application (Houhen, Ber. 42. 3744; 43, 210; 46, 3833) . p- 
Metbylamino-benzoic acid has been synthesisea by the action of carbon dioxide 
on methylaniline-magnesium iodide. A carbamate, C6H6N(CHi)COOMgI, is 
first formed, but rearranges on heating, the process resembling the synthesis of 
salicylic acid (p. 355). In a similar way, p-methylamino- and p-ethylamino-m- 
methylbenzoic acids, m.p. 2U1® and 170®, respectively, are obtain^ from N- 
methyl- and N-ethyl-o-toluidiiie. By similar reactions with methyl magnesium 
iodide and carbon dioxide, dimethyl- and diethyl-aniline give p-dimethyl- and p- 
diethyl-aminobenzoic acids, m.p. 236® and 193®, respectively (Houhen, Ber. 42, 
4815). Both these acids react with permonowsulphuric acid in the cold, forming 
sulphates of p-dialkyl-aminobenzoic N-oxides, which give p-dialkyl-aminobenzoic- 
m-sulphonic acids with sulphur dioxide {Bavdisch^ Ber. 51, 1048). 

When methylated with methyl iodide and caustic potash, m- and p-amino- 
benzoic acids, as wellasanthranilic acid itself, give compounds of the betaine type, 
/N(Cri.)^ /N(CH,),+ 

C«H 4 <f ^ and C«H 4 <f (Pfeiffer, Ber. 55, 1762), which, on 

\CO-^ ^COO~ 

heating, isomerise to m- and p-dimethylaminobenzoic esters (Wilhtdtter l^er. 37, 
414) . Diethylamino-ethvl-p-aminobenzoate, NHj [ 4 ] C 6 H 4 [ 1 ] CDOCHaCHiN- 
(0211.02 + 2 H 2 O, m.p: 51*^, anhydrous 61®, is obtained by the action of ethylene 
chlorhydrin on p-nitrobenzoyl chloride, followed by reduction of the product, and 
transformation with diethylamine. Its monohydrochloride is used as a local 
anaesthetic under the name of novocaine, or procaine (Einhorn. Ann. 371, 125). 
The hydrochloride of a racemic form of p-amino-benzoyl-a>-dimethylamino-/3- 
methyl- 7 -butanol, NH2C«H4COOCH(CH0OH(CH,)N(CH3)2. m.p. 213-215®, is 
also u.sed as a local anaesthetic under the name tutocaim {Schulemann, Kun. 
Wochs. 3, 676). 

Chrysanisic acid, 3.5-dinitro-4-amino-benzoic acid, (N02)2(NH2) •C®H 2 COOH, 
m.p. 269®, golden-yellow leaflets, is obtained by heating 3,5-<iinitro-4-methoxy- 
benzoic acid with an aqueous solution of ammonia. 

DIAMINOBENZOIC ACIDS, (NH 2 ) 2 C«H 3 COOH, have been obtained by the 
reduction of dinitro- and nitro-amino-benzoic acids. 2,4-Diaminobenzoic acid, 
(NH2)2[2,4]CeH3COOH, m.p. 140®, is obtained from its diaceto-compound, m.p. 
261®. The latter is obtained by oxidation of diaceto-diamino-toluene (Ullmann, 
Ber. 36, 1803). When dry distilled, the diaminobenzoic acids decompose giving 
carbon dioxide and phenylene diamines (p. 106). Like the o-phenylene diamines 
(p. 108), the diaminobenzoic acids with amino-groups in the ortho-position read¬ 
ily give heterocyclic compounds; e.g,, 3.4-diaminobenzoic acid, m.p. 211®, gives 
3,4-aziminobenzoic acid, m.p. 270® (p. 105) with nitrous acid. m,p~ and p,m- 
Amino-uraminobenzoic acids give two different uramino-azimino-benzoic acids, 
which on hydrolysis yield the same aziminobenzoic acid (Zimke, Ann. 291, 313, 
336). 2,3-Diaminobenzoic acid, m.p. 190®, gives characteristic compounds with 
some sugars (Schilling, Ber. 34, 902). 

3,4,5-Triaminobenzoic acid, (NH 2 )ji-C 6 H 2 COOH, obtained by reduction of 
chrysanisic acid, decompose.s on heating into carbon dioxide and 1,2,3-triamino- 
benzene (Salkmvski, Ann. 183, 12). 2,3,5-Triaminobenzoic acid (Griess, Ber. 15, 
2199) is also obtained by reduction of dinitro-aiithranilic acid (p. 327) . 

Many amino-acids derived from alkyl-benzoic acids, halogeno-amino acids, 
nitramino-acids, etc,, have been prepared. 

AMINOPHENYL-ALIPHATIC ACIDS. These are obtained 
from nitrophenyl-aliphatic acids; some are noteworthy for their 
tendency to form internal anhydrides, known as y- and $-lactams. 
In some cases this tendency is so great that the free acids cannot be 
obtained, e.g., o-amino*hydrocinnamic acid. 
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Aminopheoylacetic acids, o-, m.p. 119®; m-, m.p. 149®; p-, m.p. 200®, 
Aminonydrocinnamic acid, m-, m.p. 84-85®; p-, m.p. 132®. 
4*Amino-3-iiitro>hydrociimamic acid, m.p. 145® (obtained from p-acetamino- 
hydrocinnaraic acid). 

p-Aminohydratropic acid, m.p. 128® (p. 364). 


7- AND 5-LACTAMS OF o-AMINOPHENYL-ALIPHATIC 

/[1]CH2C0 

ACIDS. Oxindole. o-aminophenylacetic lactam. CbHk > 

\[2]NH 

m.p. 127°, is prepared by reducing o-nitrophenylacetic acid with tin 
and hydrochloric acid, or with ferrous sulphate in alkaline solution 
{Hellerj Ber. 49, 2774), or by reducing dioxindole, the lactam of 
o-amino-mandelic acid, with sodium amalgam. Baryta water at 
150° decomposes oxindole into barium o-aminophenyl acetate; by 
the action of acids on the latter oxindole is re-formed {Baeyer, Ber. 
16, 1704). Nitrous acid converts oxindole into /S-isatoxime, 


.C(NOH) 
CbHK —>CO 

\nh/ 


K-Aceto-ozindole, CgHaON • COCHj, m.p. 126°, is obtained by the action of 
acetic anhydride on oxindole. o-Acetamino-phenylacetic acid, ’CITsCO-NH*- 
C«H 4 CH2C00H, m.p. 142® is formed when acet-oxindole is dissolved in dilute 
sodium hydroxide, and breaks down into oxindole and acetic acid when heated 
with an alkali or an acid. 

p-Amino-oxindole, NH 2 -C 8 H 6 NO, m.p. about 200°, is formed by the reduction 
of 2,4-dinitrophenylacetic acid (p. 320) with tin and hydrochloric acid. If am¬ 
monium sulphide is used as the reducing agent, the product is 4-amino-2-nitro- 
phenylacetic acid, m.p. 185® (Gabriel, Ber. 14, 824; c/. o-nitro-phenyl-iso- 

nitroso-acetic acid). 

.[IJCH-CHa-CO 

Atroxindole, lactam of o-amino-hydratropic acid, C 8 H 4 <v ,- ^ , m.p. 

\[2]NH 

119®. 

Hydro-carbostyril, lactam of amino-hydrocinnamic acid, m.p. 163®, is formed by 
the reduction of o-nitro-hydrocinnamic acid with tin and hydrochloric acid 
(Glaser and Buchanan, 1869; Friedldnder, Ber. 15, 2103), and also by heating 
hydrocarbostyril carboxylic acid, itself obtained by the reduction of o-nitro- 
benzyl-malonic acid (Reissert, Ber. 29, 667). It may also be prepared from 
hydrindone oxime by the Beckmann transformation (Reissert, loc. cif.). 

Hydrocarbostyril bears the same relationship to quinoline that oxindole does 
to indole: 




[IJCHrCII* 

[2]NH-<!:0 


Hydrocarbostyril 



[1]CII=-CH 

[2JN===:iH 


Quinoline 


p-Amino-hydrocarbostyril, NH 2 C 9 H 8 NO, m.p, 211 ®, is formed together with 4- 
amino-2-mtro-hydroclimainic acid, m.p. 139°, from 2,4-dinitro-hydrocinnamic 
acid. 

7. DIAZOBENZOIC ACIDS (p. Ill) are produced by the action of nitrous 
acid on the mineral acid salts of aminobenzoic acids^ in the same way as the ordi¬ 
nary diazonium compounds are obtained from aniline salts. The amide of 0 - 
aminobenzoic acid is coWerted by nitrous acid into bemazimide (p. 328). The 
free diazobenzoio acids are very unstable. The diazide of anfhranilic acid, 
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/[llCOv 

CeHK yO, forms lustrous white needles. It is obtained by acting upon 

\[ 2 ]N 2 / 

the chloride with silver oxide (Hantzsch, Ber. 29, 1535). 

8 . DIAZO AMINO-BENZOIC ACIDS (p. 126) are formed when nitrous fumes 
are passed into alcoholic solutions of aminobenzoic acids. Diazo-7^^-aminobenzoic 
acid, COOH[l]CflH 4 [ 3 ]N=iV—NHl 3 ']C 6 H 4 ll'](;OOH, is an orange-red powder. 
Hydrofluoric acid converts it into m-fluorobenzoic acid (p. 318). 

9. DIAZOIMIDO-BENZOIC ACIDS, azido4>enzoic acuh, N 3 C«H 4 COOH (p. 
126), are prepared from diazo-benzoyl perbromides by the action of ammonia, 
or from hydrazino-benzoic acids by the action of nitrous acid. The o-compound, 
m.p. about 70®, amide, m.p. 136°, has also been isolated from prmlucts formed by 
the decomposition of o-azido-benzaldoxime with SfKiium hydroxide. The yw- 
compound, m.p. 160° (Bamberger, Ber. 35, 1889, 3718); p-compound, m.p. 185° 
(Griess, Ber. 9, 1658). 

/C 6 H 4 COOH 

10. AZOXY-BENZOIC ACIDS, OX 2 V , are prepared by reducing 

X^ 6 H 4 C 00 H 

nitrobenzoic acids with alcoholics potash, and then with alcoholic potassium cy¬ 
anide (Heller, J. pr. 106, 7). The o-compound is also obtained by oxidising N- 
hydroxyindole- 8 -carbox 5 dic acid with alkaline permanganate, or anthrariil with 
acidified dichromate (Heller, ]. pr. 77, 164). It may also be obtained by acting 
on o-azido-benzoic acad with sodium hydroxide (Homolka, Ber. 17, 1904; Uspen- 
nki, Ber. 24, It, 666; Reinsert, Ber. 29, 656; Bamberger, Ber. 36, 374). n-Azo3qr- 
benzoic acid, m.p. 248® (diethyl ester, pale yellow crystals, m.p. 77°), and p- 
azoxybenzoic acid, dec<jmp. above 300°, are formed when n- and p-nitrobenzoic 
acids, n^spec.tively, are riiduced wdth zinc and alcoholic ammonium chloride solu¬ 
tion (Gumming, J. Ro 3 ^ Tech. Coll. Glasgow, 2 , 596). The o-acid is also ob¬ 
tained from c-azoxytoluene (m.p. 59°) by oxidising it writh potassium perman¬ 
ganate ( Lock, J. ])r. 138, 51). m-Azoxybenzoic acid, m.p. 320° (diMJomp.), is pre¬ 
pared I’rom ///-az()xyf)h(‘nyl-propiolic acid by tlie action of alcoholic potassium 
permanganate (Reich, Bull. 19, 146). 

NC«H 4 C 00 H 

11. AZOBENZOIC ACIDS, || , are obtained from the nitro- 

X-UHiCOOII 

b(*nzoic acids by ri*duction wdth sodium amalgam, or with zinc dust and alcoholic 
sodium hydroxide, and from the nitrobeiizaldchydes by the action of very (;ou- 
centrated caustic soda (Maier, Ber. 34, 4132; Freundler, (^.r. 138, 289). o-, w- 

and p-Azob(‘nzoic acids decompose on melting. When their calcium salts are 
distilled, phenazirie is formed. o-Azobenzoic acid, m.p. 245°, is obtained from 
o-azoxybenzoic acid (see above) by the action of zinc dust and ammonia, and sub- 
s(*i[uent oxidation with silver nitrate. Its ethyl ester forms scarlet leaflets, m.p. 
85° (Lock, J. pr. 138, 52). Azobenzene-o-monocarboxylic acid, CcH 5 X 2 |l]- 
C 6 H 4 | 2 ]C 00 H, m.p. 92°, and its homologues, are pnaluced by condensation of 
o-nitrob(Mi/oic acid with primary anilines. Phosphorus pentachloride converts 
them into y-hijdroxg-^-'phenylinddzoles (Freumller, C.r. 143, 1171; 147, 981). 

Azobenzene-//i-monocarboxylic acid, m.p. 171°. Azobenzene-p-monocarboxylic 
acid, C«H 5 X 2 C 6 H 4 f 4 ]COOH, m.p. 238°, is obtained from p-ammoazobenztme om 
the cyanide, and from b(Mizene-azo-p-toluene by oxidation with chromic acid 
(Jacobson, Ann. 303, 385). o-Tolyl-azobenzoic acid, CHj[ 2 |C 6 H 4 *X:NCflH 4 - 
121CX30H, m.p. 148°, has been prepared by treating o-nitrotoluene with finely 
divided nu'tals and caustic soda (Ger, Pat. 145,063). a/- and p-Benzaldehyde- 

azo-m- and -p-benzoic Acid^ OHOC 6 H 4 N 2 C'eH 4 COOH, are obtained fron m- and 
p-azoxybenzaldehydes (p. 277) by a rearrangement etTected by concentrated sul¬ 
phuric acid (Human, Ber. 36, 3469, 3801). 

12. HYDRAZINO-BENZOIC ACIDS. The symmetrical hydrazo-beuzoic 
acids are obtained from azobenzoic acids by reduction with sodium amalgam, or 
with ferrous sulphate and sodium hydroxide, and from nitrobenzoic acids, or their 
esters by means of zinc dust and acetic acid (Krosche, C. 1915, II, 1186). 
o-Hydrazobenzoic acid, m.p. 206°. w-Hydrazobenzoic acid, OOOH[31- 
CeH 4 [ 1 ] NH • NH [ 1 '1 C«H 4 [ 3' j COOH. Both thense compounds rearrange to 
diamino-diphenylHiicarboxylic acids (q,v.) on boiling wdth hydrochloric acid. 
The rearrangement of w-hydrazobenzoic acid to p-diamino-diphenic acid proves 
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the constitution of diphenic acid (p. 505), and consequently that of phenanthrene. 
p-Hydrazobenzene-carbojQrlic acid, C«H4NHNHC«]El4[4]COOH, m.p. 193®, loses 
carbon dioxide and forms benzidine on rearrangement {Jacobson, Ann. 303, 384). 

o-j m-, and p-HYDRAZINO-BENZOIC ACIDS, NH 2 NH 'C*H 4 COOH, are 
obtained by the reduction of diazobcnzoic hydrochlorides and nitrates, n- 
Cyano-phenylhydrazine, NH 2 NH[ 2 ]C 6 H 4 CN. m.p. 163°, is a reduction product of 
o-aiazo*benzonitrile, and also seems to be formed in the reduction of oximido- 

/C(NOH)NH 

dihydro-pheno-jS-triazine, C«H 4 <f I {Gabriel, Ber. 35, 805). Thi’- 


onyl-kydrazino-o , “p-^hemoic acuis, SO:NNHC 6 H 4 COOH. m.p. 155°, 231°, 
and 258°, respectively {Klieeisen, Ber. 27, 2555). Bemyliden-eH)-hydrazino-- 
hefusoic acid, C«H 4 CH;NNH *0611400011, m.p. 224°, is reduced by sodium amal¬ 
gam to oJ)mzyl-hydrazino^benzoic acid, C' 6 H 6 CH 2 NHNHCeH 4 COOH. m.p, 134° 
(decomp.). When heated alone, or better with phosphorus oxychloride in an 
open vessel, o-hydraziuo-benzoic acid gives an internal anhydride, o-hydrazino- 
✓CO\ 

benzoic-lactazam, 06H4<f /N'H, m.p. 242° (decomp.), whilst when heated 


with phosphorus oxychloride under pressure, chloro-indazole. 



is formed {Fischer, Ber. 35, 2315). 

13. PHOSPHINO-BENZOIC ACIDS. Trimethyl-phospho-p-benzo-betaine, 

/COO-[ll 

C 6 H 4 <f , is obtained by oxidation of trimothyl-p-tolvl-phosphonium 

>(0H3)3"-[41 

chloride with alkaline permanganate. Trimethyl-phospho-tolu-betaine is similarl}' 
prepared from trimetnyl-xylyl-phosphonium chloride {Conen, Ber. 31, 2919). 


14- Rulphohenzoic Acids 

When benzoic acid is treated with sulphur trioxide in the vapour state, the chief 
product is the m-sulpho-derivative, together with a little of the p-acid {Remsen, 
Ann. 178, 279). The three monosulphobeiizoic acids, HSOa*0611400011, can be 
obtained by oxidising the three toluene sulphonic acids with potassium perman¬ 
ganate. If, instead of the free acids, the toluene-sulphonamides are oxidised with 
potassium permanganate, the m- and p-sulphonamides give //?- and p-sulphone- 
amido benzoic acids, but o-toluene-sulphonaniide is converted into tne sulphini- 
mide of benzoic acid, or anhydro-sulpbonamino-benzoic acid, known as sac¬ 
charin, This compound, when hydrolysed with hydrochloric acid, gives o- 
sulphobenzoic acid {Clarke, Dreger, Org. Synth. 9, 60). Both o-and p-sulpho- 
benzoic acids are formed when potassium m-nitro-benzene sulphonate is boiled 
with aqueous potassium cyanide. The entering cyano-group does not take the 
plac^ of the lost nitro-group, but enters the nucleus in a different position (c/. the 
formation of chlorobenzoic acids from chloro-nitrobenzenes and potassium cy¬ 
anide, p. 318) {HoUeman, Rec. 24,194). When the yj-acid is heated at 300°, with 
concentrated sulphuric acid, rearrangement into the //?-acid takes place {Reese, 
Am. 54, 2009). 

o-Sulphobenzoic acid, S 03 H[ 2 JC 6 H 4 COOH -h SHaO, m.p. 141° (anhyd.), 
resembles phthalic acid (p. 3^) in its behaviour, e.g,, in the formation of phthal- 
eins, an anhydride, and an imide. By the action of phosphorus pentachloride, 
two dichlorides are formed with m.p. 40° and 79°. The first is unstable, and 
/COCl 

has the structure C 6 H 4 <f ; the other is stable, and has the structure 

^SOjCl 

yCCliv 

CiHiC jO {Scheiber, Ber. 45, 2252). On boiling Vith alcohols, these chlo- 

' SO2' 

rides give the half-esters HS 08 C 6 H 4 C 00 R, with sodium ethoxide they give di- 
ethyl-o-sulphobenzoate, b.p. 212° (23 mm.); with ammonia, the asymmetrical 
chloride (m.p, 79°) givesbenzsulphonimide (seebelow), whereas the symmetrical, 
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unstable chloride gives chiefly o-cyano-benzene-sulphonic acid, CNI 1 ]C«H 4 ( 2 ]- 
SOtH, m.p. 279°; chloride, m.p. 67.5°, which is also obtained from aniline-o- 
sulphonic acid through the diazo-compound. With aniline, the chlorides form o- 

sulphobenzoic anil, C€H 4 <; ^NCdHs, m.p. 190°; the si/m-dianilide, C 6 H 4 * 


(C0NHCaH5)S02NHCeH5, m.p. 195°, and the os-dianiUde, 

.C(NHC6Hi)av 

C«H 4 ^ yO, m.p. 270-280° (decomp.). Both dianilides give the 

NCrfl*) 


reduction, the stable chloride forms su^hobenzide (p. 263), and the unstable 
chloride, thiosalicylic acid, HS-CJEIiCOOH (p. 360). They condense with ben¬ 
zene, in the presence of aluminium chloride, with the formation of aym.-CsHcCO • - 
CJB[ 4 SOaC 6 H», as the chief product, the asymmetrical triphenyl-methane deriva- 


)>NCtH5, m .p. 189°, with phosphorus oxychloride. On 


yC(: 

dianil, 


tive. ((bcHOaC•C«H 4 S 026 , being obtained as a by-product (List, Ber. 31, 1648; 
Cobh, Am. Ch. J. 35, 486). p-Nitro-and p-bromo-o-sulphobenzoic acias, also 
each give two isomeric dichlorides with phosphorus pentachloride, which show 
similar dilTerences of behaviour (Chambers, Am. Ch. J. 30, 373; Blanchard, ibid,, 
485). 

o-Sulphobenzoic anhydride', m.p. 118°, is obtained from the acid hy the action 
of acetyl chloride. It gives benzophenone-o-sulphonic acid, CJHsCOCeH^SOjH, 
with benzene and aluminium chloride (Krannich, Ber. 33, 3486), while the 
isomeric diphenyl-sulphone-a-carbozylic acid, C«H( S 02 -C 6 H 4 C(X)H, m.p. 268°, 
is obtained by oxidation of phenyl-o-tolyl-suiphone (Carder, Am. Ch. J. 25, 96). 

o-Carbomethozy-benzene-sulphonyl chloride, C1S02*C«H4C00CH4, m.p. 65°, 
is obtained by the action of chlorine on o-carbomethoxy-benzene sulphinic acid, 
HSO 2 • C 6 H 4 COOCH 1 , m.p. 99°. The latter is pi*epared by diazotising anthranilic 
ester, and then replacing the diazo-group by the sulphino-group (Ger. Pat. 124,- 
407). 


o-Sulphonamido-benzoic acid, NH2S02[2]C6H4[1]C00H, m.p. 153-155°, 
changes to the sulphonimide at the melting point. Methyl- and ethyl esters, 
m.p. 119° and 84°, respectively (Ger. Pat. 101,483). The acid has been pre¬ 
pared by oxidising o-toluene-sulphonamide with potassium ferricyanide (Noyes, 
Am. Oil. J. 8,167), and from its internal anlwdriae by the action of warm caustic 
alkali. The isomeric o-sulphobenzamide, C 6 H 4 (CONH 2 )SO*H, m.p. 194°, is 
formed when sulphobenzoic acid is fused with ammonium thiocyanate. It gives 
o-sulphanilic acia with potassium hypobromite (Ger. Pat. 84,666). 
o-Anhydro-sulphonamido-benzoic acid, o-bems^dphinimide, 
yinCOv 

C«H 4 < yNH, m.p. 220°, is known as saccharin. It was discovered by 

H2]S02'^ 

Remsen and Fatdberg in 1879. Its preparation has been described above. It is 
also obtained by treating the reaction product from o-sulphobenzaldehyde and 
phosphorus pentachloride with ammonia, followed by oxidation with air (Ger. 
Pat. 94,948), and by heating o-sulphinobenzoic acid (see above) with hydroxyl- 
amine (Gattermann, Ber. 3^ 1144), For more recent methods see Holla, Z. Elek- 
troch. 36,96, and Herzog, Chem. Ztg. 57,575. Saccharin is manufactui^ indus¬ 
trially in considerable quantities, and is used for sweetening, being 500 times as 
sweet as cane sugar. A bitter-tasting product, saccharin-(o-tolyT-3-8ulphonyl- 
imide), C 14 H 12 O 4 N 2 S 2 , is formed in the manufacture of saccharin. It melts at 

>—C:NS02C,H4CH, 

255°, and its constitution is C 4 H 4 <f ^NH . This substance has been 


prepared synthetically by careful oxidation of o-toluene-sulphonamide, and it may. 
also be obtained from pseudo-saccharin chloride (see below), and from o- 
toluene-sulphonamide by other methods (Klages, J. pr. 116, 163). 

Saccharin is difficultly soluble in water, and resembles succinimide and phthali- 
mide in behaving as a strong acid. It forms imino-salts, e.p., a sodium salt. 
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/COUlv 

CfHK >NNa, which is readily soluble in water, and is 400 times as sweet 

^Oi[2]/ 

as cane sugar. For its physiological effect, see Herzog^ Chem. Ztg, 57, 576. It 
is the anion which is responsible for the sweet taste ( Taeufel, Ber. 58, 909; Oddo, 
Gazz. 57, 465). For the taste of saccharin and related compounds, see Holleman, 
Rec. 42, 839; Acad. Amsterdam 33, 307. 

Halides, such as benzyl chloride and acetyl chloride, readily react with saccharin 
to form N-derivatives. With phosphorus pentachloride at 180®, pseudo- 
/CClUk 

saccharin chloride, CsH^ >N, m.p. 149®, is obtained, while at 70-75®, 

o-cyano-benzeno-sulphochloride is formed {Walker, J. 89, 350). Treatment with 

phosphorus sulphide at about 200®, gives thiosaccharin, C 4 H 4 <f yNH, m.p. 

180®, golden yellow needles, with an intensely bitter taste {Mannessier, Gazz. 45, 
1.450). Saccharin condenses with phenols and aminophenols, to give sacchareim . 
These compounds are dyestuffs, resembling phthaleins (Sisley, Bull. [3], 17, 821; 
Ger. Pat, 100, 779). Sulpham^-phthaleim are also formed (Dutt, J. 121, 2389). 
For the formation of thiazole derivatives from saccharin derivatives and hydroxy 1- 
amine, see Mannessier. Gazz. 62, 1067. 

All those sulpho-aciasj which are derived from alkyl-benzoic acids, and in which 
the sulpho-group occupies the o-position to the carboxyl group, are capable of 
forming sulphonimides, and sulpho-carhoxylic amides. For esters and half-esters 
of o- and p-sulphobenzoic acids, see Wegseheider, Mo. 23, 1093. For p-sulphon- 
amido-hemoic acid and its derivatives see Sloddart, Am. Ch. J. 47,1; Chamberlain, 
Am. Ch. J. 47, 318. 

3.5-Di8ulphobenzoic acid is formed when benzoic acid and fuming sulphuric 
acia containing 70% of sulphur trioxide are heated to 250° in a sealed tube. 
2,4-Disulphobenzoic acid is obtained from toluene-2,3-disulphonic acid (Fahl- 
berg, Ber, 14, 1205). 

Diphenyl-sulphone-e-carboxylic acid, CeH6S02[2]C»Il4[llC00H, m.p. 144®, 
is obtained by oxidising phenyl-o-tolyl-sulphone, or phenyl-thiosalicylic acid (p 
361) with potassium permanganate, or by heating the potassium salts of o-chloro- 
benzoic acid and benzene-sulphinic acid in aqueous or amyl alcohol solution in 
the presence of copper. It is converted into bemophenone’-sulphoihe 


/SO*. 

CeH 4 <^ yC 8 H 4 (p. 620) by the action of hot concentrated sulphuric acid 

{Ullmann, Ber. 38, 729; Weedon, Am. J. 33, 336). 

Benzene-l-carbozylic-2-selenonic acid, C6H4(C00H)Se08H, formed from 
diphenyl-diselenide-dicarboxylic acid (p. 361), has not yet been obtained in a 
crystalline form. With hydrogen chloride it yields benzene-l-carboxylic-2- 
seleninic acid, C6H4(C00H)Sc02H, which melts at 228-229®, with anhydride 
formation (Lesser, Ber. 46, 2643). 


Ib . Monohydric Hydroxy-phenyl Aliphatic Alcohols and 
Their Oxidation Products 

1. Monohydric Hydroxy-phenyl Aliphatic Alcohols, or 
Phenol Alcohols 

The monohydric phenol alcohols contain one alcoholic hydroxyl 
group and one or more hydroxyl groups attached to the benzene ring, 
the latter giving them phenolic properties. Some alcohols belonging 
to this group are obtained by simple transformations of well-known 
vegetable substances. A number of mono-, di-, and tri-hydroxy- 
phen^lethylamines are of special interest on account of their strong 
physiological effects and their occurrence in the vegetable and animal 
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kingdoms (see p-hydroxy-phenylethylaiuine, hordenine, and mes¬ 
caline). Some hydroxy-phenyl-aliphatic alcohols, safigenin, for 
example, are local anaesthetics {Hirschfelder, J. Pharm. 15, 261). 

Preparation .—Some of the methods of formation given for the 
benzyl alcohols (p. 249) apply to the phenol alcohols as well: (i) 
the reduction of the corresponding aldehydes and ketones; {2) the 
treatment of aldehydes with aqueous alkalis; and (3) of amides with 
sodium amalgam {Hutchinson, Ber. 24, 176). (4) They are con¬ 

nected with the benzyl alcohols by means of the amino-phenyl- 
paraffin alcohols, the latter being converted into hydroxy-phenyl- 
paraffin alcohols by nitrous acid. (5) Phenol alcohols (and phenol- 
aldehydes and phenol-carboxylic acids) are obtained from cresols and 
their homolo^es, of which the hydroxyl groups have been protected 
by esterification with inorganic acids; they are chlorinated, step by 
step, at 180®, and finally chlorine is replaced by OH (Ger. Pat. 
233,631). Phenol alcohols are obtained by nuclear synthesis by the 
following methods: (6) by the action of methylene chloride on 
phenols {Greene, C.r. M, 40), or by the action of formaldehyde and 
sodium hydroxide on phenols {Manasse, J. pr. [2], 50,225). Phenols 
and phenol ethers with so-called negative substituents, such as NOa, 
Cl, CHO, COOH, condense with formaldehyde and hydrochloric acid 
to give hydroxy-benzyl chlorides, in which chlorine is very readily re¬ 
placed by OH or OR {Stoermer, Ber. 34,2455; EichenyrUn, C. 1902, II, 
894); frequently two CHaCl groups enter the ring in the meta¬ 
position (Br. Pats. 347,887 and 347,892); (7) by the action of alkyl- 
magnesium halides on phenol-carboxylic esters. Acylated hydroxy- 
benzylamines can be synthesised by condensing N-methylol-acyl- 
amides, RCONHCHaOH, with phenols {Einhom, Ann. 343, 215), a 
method resembling closely method 6 above. 

MONOHYDROXY-BENZYL ALCOHOLS. Three isomers are 
theoretically ijossible, and all three have been prepared by reducing 
the corresponding aldehydes with sodium amalgam. The best 
known of them is o-hydroxy-benzyl alcohol, or saligenin. The m.p. 
of the isomers are o- 86°, m- 67°, p- 110°. 

Saligenin, o-hydroxy-benzyl alcohol, was first obtained by Piria 
(Ann. 56, 37) in 1845, by decomi^sing the glucoside salidn (Vol. II, 
p. 355) with emulsin, ptyalin, or dilute acids, glucose being eliminated: 

CaiuO, O CJl4 CH,OH + H,0 - H0 C.H4CH,0H + 

Saligenin has been prepared from salicylaldehyde, salicylamide, o- 
amino-benzyl alcohol, and phenol, by the general methods described 
above. For its preparation by the electrolysis of salicylic acid in the 
presence of magnesium butyrate, see Rutovski, Pharm. Moscva, 1928, 
and from amino-benzyl alcohol, see Reissert, Ber. 61,2555. 

It is readily soluble in alcohol, ether, and hot water. The solutions 
give a deep-blue colour with ferric chloride. It condenses with benz- 
aldehyde on heating to 2-phenyl-l,S-henzodioxan, 
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verted by acids into a resinous substance, saliretin. The theory of 
this reaction has been discussed by Baekeland (Ind. Eng. 17, 225). 
Ethers and substitution products of saligenin have been prepared, 
some of them from the corresponding salicylic derivatives. The 
d,/3-galacto8ide of saligenin, m.p. 215-218°, has been obtained by 
Helfferich (Ber. 65, 408) from aceto-bromo-galactose and o-cresol, 
by brominating in the light, replacing the bromine by hydroxyl, and 
finally eliminating the acetyl group. 

rt-Hydroxyl-benzylamine. saJicyktmim, m.p. 121® {Goldschmidt^ Ber. 23, 2744). 
o-Mercapto-benzyl alcohol, HS[2]C«H4[1 ]<jH 20H, benzoate, m.p. 125-126®, 
has been obtained together with saligenin and o-benzyl alcohol sulphide, S(C«H 4 * 
CH20H)2, m.p. 164 , from diazobenzyl alcohol, through the xanthate, by the 
action of caustic potash (Reissert^ Ber. 61, 2555). o-Hydroxy-benzyl-aniline, 
m.p. 108®. can be obtained by the combination of anhydroformaldehyde-aniline 
(p. 84) witn phenol (Ger. Pat. 109,498). The 0-acetyl compounds of o-hydroxy- 
benzylnmines and -anilines are unstable and change spontaneously into the iso¬ 
meric N-acetyl compounds ( Ann. 332, 159; cf, p. 205). In the acetyla¬ 

tion of o-hydroxy-benzylamines stenc hindrance has been observed (Paalj Ber. 32, 
2057). p-Hydroi^-benzyl mustard oil, sinalhin mustard oil, HO[4]C 6 H 4 [ 1INCS 
occurs as a glucoside in white mustard seed. 

Anise-alcohol, p-methoxy-bemyl-alcohol. CH*0[4]C6H4[11CH20H, m.p. 45®, 
b.p. 259®, occurs in certain vanillas (e.p., irom Tahiti; SchimmePs Ber. 1909, II, 
141), and is obtained by the action of alcoholic potash on anisaldehyde, or by the 
catalytic reduction of the latt^jr. When oxidised anisaldehyde is re-formed, p- 
Methoxy-benzylamine, anisylamme, CHtO[4JC|H4[llCH2NH2, b.p. 236-237® is 
prepared by the action of sodium amalgam on anisaldoxime in acetic acid (T?/- 
fenean, Bull. 9, 819). 

p-Homosaligenin, CHa[5lC«Hif2](0H)CH20H, m.p. 205®, is obtained from 
p-cresol by method 6, p. 335 {UUniann, Ber. 42, 2539). p-Thymotin-alcohol, 
CH,[2JC2H7f5lC,H4[4l0H[l]CH20H, m.p. 120® {Manasse, Ber. 27, 2412). 

o-Hydroxy-phenyl-eihyl alcohol. H0(2JC«H4(11CH2CH20H, b.p. 169® (12 
mm.), is formed, together with o-hydroxy-phenyl-acetic acid, when coumaroue, 
y(l]CHv 

CeHK >CH, is acted upon by alcoholic potash. The bromide of this 

alcohol is converted by sodium hydroxide into a cyclic-phenol-alcohol ether, the 

y[l]CH2. 

so-called hydrocoutnarone, C 4 H 4 <^ _b.p, 188®. This compound can 

also be obtained by reducing coumarone with sodium and alcohol, and by con¬ 
densing bromoethyl-o-bromophenyl ether, BrCeH 40 CH 2 • CH 2 Br, by means of 
sodium (Sloermer, Ber. 36, 2873). 

e-Hydroxy-phenyl-ethylamine, HO [2] CiH 4 [ 1 ] CH 2 CH 2 NH 2 , hydrochloride, 
m.p. 153®, is a degradation product of mclilotic hydrazide. Methyl iodide con¬ 
verts this base into a quaternary methiodide, m.p. 218®, which loses trimethyl- 
ainine on heating with sodium hydroxide, and gives hydrocoumarone (see above) 
(Pschorr, Ber. 38, 2067). 

i3-(o-Hydroxy-phenyl-)eihyl-dimethyl-amine, o-hordenine, HO[2]CeH4[lJ - 
CH 2 ()H 2 N(CH 8 ) 2 , b.p. 136-137® (13 mm.), is made by treating o-/3-chloroethyl- 
benzanilide with dimethylamine, eliminating the benzoyl group, diazotising, and 
boiling with water (Braun, Ber. 57, 913). p-Hydrozy-]phenyl-methylamine, b.p. 
234-236®, is obtained by the action of potaasium cyamde and hydrochloric acid 
on p-hydrojRT-benzaldehyde-bisulphite, and reducing the nitrile produced with 
zinc and hydrochloric acid (C. 1911,1, 580). 

p-Hydroxy-phenyl-ethyl alcohol, tyrosol. H0[4]C«H4(1]CH2-CH20H, m.p. 
93^, b.p. 195® (18 mm.), has been prepared by the action of potassium nitrite on 
the hydrochlorides of p-hydroxy-phenyl-ethylamine, or p-amino-phenyl-ethyl- 
amine, or p-amino-phenyl-ethyl alcohol (Ehrlich, Ber. 45, 2428). Its chloride 
reacts with dimethylamine to give hordenine (see below) (Pistshimuak^ J. Russ. 
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48, 1). Fui^ convert hordenine into tyrosol. It is also produced by bacterial 
action {Ehrlich. Bioch. Z. 75, 417; Hirai, Acta Kyoto, 1916). 

p-Hydroiy-pnenyl-ethylaxnine, tyramine, HO[4]C®H4llICH2CH2NH*, m.p. 
165-166®, hydrochloride, m.p. 290®, is one of the active principles of ergot, in 
which it occurs together with /3-imidazyl-ethylamine. and ergotoxin. It is also 
found in Capsella bursa pastoris^ and in the poison trom the salivary glands of 
some arthropods. Like adrenaline (Vol. II, p. 679), to which it is closely related, 
tyramine raises the blood pressure, and stimulates respiration. It is formed when 
tyrosin, one of the principal degradation products of albumin, is heated, or decays, 
carbon dioxide being liberated. It is ootained synthetically by reduction of p- 
^droxybenzyl cyanide, or anisylidene-nitromethane, CHaO[4]C6H4[l jCH:- 
CHNO 2 ; in the latter case hydrolysis is subsequently eftcctcd with hydriodic acid 
{Rosmmund, Ber. 42, 4778). Another process is to nitrate d-phenyl-ethyl- 
bromide, couple the p-nitro-compound obtained with hexamethylene-tetramine 
(Vol. I, p. 248), and decompose the double compound thus formed with hydro¬ 
chloric acid. This gives ^-(p-nitrophenyl-)ethylamine hydrochloride, m.p. 214®; 
the stannic cliloride compound of this is diazotised, and tyramine is the final prod¬ 
uct (SLolta, Ber. 64, 1519). For other syntheses, see Arch. Pharm. 270, 345. 
Tyramine, alone, or mixed with /3-imidazyl-ethylamine, is used in obstetrics. 

p-Methoxy-phenyl-ethylamine, tyramine methyl ether, CHaOl4]C6H4CH2CHi- 
NH 2 , is an oil; its hydrochloride melts about 160®. It is obtained from p- 
methoxy-phenyl-acetaldoxime and nitromethane, and reducing the resulting w- 
nitrophenol to the amine (Ger. Pat. 230,043). On methylation, followed by 
hydrolysis of the methoxy-group by hydriodic acid {Fistshimuka, J. Russ. 48, 1) 
it gives: 

/9-(p-Hydroxy-phenyl-)ethyl-(limethytaxniiie, hordenine, or anhaline, HO[4]- 
CeH 4 [ 1 ]CH 2 CH 2 N(CHi) 2 , m.p. 118®, a base. This substance is the active prin¬ 
ciple of malt (Rosenma'nd, Ber. 43, 306), and has also been detected among the 
alkaloids extracted from certain Mexican cacti of the genus Anhaloniuni {Spdth, 
Mo.40,129). It has been synthcKsised by Vosmnckel (Ber. 45, 1(X)4), by treating 
p-«-chloromethyl-anisyl ketone with dimethyfamine, demethylating and replac¬ 
ing the koto-oxygen by hydrogen; by Ehrlich (Ber. 45, 2428) by the action of 
dimethylamine on p-hydroxy-phenyl-ethyl chloride; and from anisaldehyde 
through p-methoxy-pheiiyl-acetonitrile (Ar. Pliarm. 271, 441). Higher homo- 
logues of hordenine, with longer aliphatic chains, viz., p-hydroxy-phenyl-propyl-, 
-butyl-, and -amyl-dimethylamine, have been prepared {Braun, Ber. 45, 2504). 

p-(p'-Hydroxy-phenyl-oxy-) /3-phenyl-ethylamine, fv/rowa/winc, HO[4JC6H4[l] • - 
O* [ 4 JC 6 H 4 CH 2 CH 2 NH 2 , m.p. 136.5®, the parent substance of thyroxin (Vol. II, 
p. 582) has been obtained from p-(p'-methoxy-phenoxy)-nitrobenzene {Stohr, Z. 
physiol. Ch. 201, 142). p-Hydroxy-phenyl-isopropylamine. HOCeH 4 CH 2 * 

CH(NH 2 )CHi, m.p. 126®, is prepared by reducing p-hydroxy-pnenyl-acetoxime 
{Mannich, Ber. 43, 192). o-Hydroxy-phenyl-ethyl carbinol, HO[2]C®H4- 
CH(0H)C2H5, b.p. 125-130® (0,25 mm.), is obtained by reduction of o-hydroxy- 
phenyl-ethyl ketone, or synthetically by the action of zinc ethyl on tetracetyl- 
helicin (Vol. II, p. 355) (Fischer, Ber. 36, 2575). o-Hydroxy-phenyl-diethyl 
carbinol, HO[2]CJl4C(OH)(C2H5)2, m.p. 57®, obtained from ethyl salicylate and 
ethyl magnesium iodide, readily loses water, becoming an olefin-phenol (Mounie, 
Bull. [3), 29, 350). 

o-Chloro-p-hydroxy-benzyl- and p-chloro-o-hydroxy-benzyl-alcohol, ClCella- 
( 0 H)CH 20 H, and a-nitro-p-hydroxy-benzyl- and p-nitro-o-hydroxy-benzyl 
idcohols are obtained by the action of formaldehyde and halogen hydrides on 
chloro- and nitro-phenol; the halogen esters first formed are wery readily hydro¬ 
lysed (c/. pscudophenol halides, p. 339). ^-Amino-saligenin, NH2[4]C6H,[21- 
OHfl]CH20H. is made by reduction of p-nitro-o-hydroxy-benzyl alcohol. It is 
used as a developer in photography under the name of Edinol (Slormer, Ber. 34, 
2455; Ger. Pat. 136,680). 

DIHYDROXY.BENZYL ALCOHOLS. While free dihydroxy-benzyl alcohols 
are very unstable, e.g., 2,3-dihydroxy-benzyl alcohol (Ar. Pharm. 264, 448), 
derivatives of 2,3-, 2,5-, 3,4- and 3,5-dihydroxy-benzyl alcohols have been ob¬ 
tained by the reduction of aldehyde ethers with sodium amalgam, and by cata- 

S tic hydrogenation of carbomethoxylated acid chlorides and aldehydes. The 
»rivatives of di-(/3-phenyl-ethyl)-amine, and of benzyl-i3-phenyi-ethylamine 
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with two hydroxyl groups in the 3,4-position, are of pharmacological interest 
(Buck, Am. 53, 2192). 

VaniUyl alcoiiol, CHi0[3]H0[41CeH|[l]CH20H, m.p. 116®, is a reduction 

product of vanillin (p. 347). Piperonyl alcohol, ^^C«H|[1]CH20H, 

m.p. 57®, is obtained from piperonal by Cannizzaro's reaction, by electrochemical 
reduction in sodium carbonate solution, and by the action of sodium methoxide 
at 100® (Braun, Ber. 63, 489). p-Verat^l alcohol, (CH80)2[3.4JC6H4(l]CHs- 
OH, b.p. 168-170®, is prepared by catalytic reduction of the aldehyde (Ger. Pat. 
515,332) ;and o-veratryl alcohol (CH8)2[2,3]CJl8[l]CH20H, m.p. 50®, is obtained 
by catalytic reduction of the o-aldehyde with platinum oxide in acetic acid (Kauf- 

mann, Ber. 51, 123). Homopiperonyl alcohol, _^>CeH|CH2CH20H, 


b.p. 156® (10 mm.) (Semmler, Ber. 41, 2752). Dimethyl-gentisinal alcohol, 
(CH80)2(2,6]C«H,[1]CH20H, b.p. 278®. 

2.3- Dihydroi7-benzylamine, (HO)2[2,3IC«H8CH2NH2, hydrochloride, m.p. 
186®, is obtained from o-veratraldehyde oxime (see above) by reduction, and sub¬ 
sequent removal of methyl groups. The 3,4-compound, hydrochloride, m.p. 
172®, is obtained by a similar method from n-veratraldehyde (p. 349) (Douetteau, 
Bull. 9, 932). Vanillylamine, (H0)l41(CH30)[31C«H8[l]CH2NH2, m.p. 145- 
146®, is obtained by reducing vanillin oxime or by decomposing capsaicin, the 
vanillyl-amide of AMsodecylenic acid: (HO)[4] (CH30)[31CeH8[l]CH2NH•- 
C0(CH2)4CH:CHCH(CH2)2, m.p. 65®, of which Cayenne pepper contains about 
0.25%. It is the principle causing the ‘‘hot" taste (Lapworlh, J. 115^ 1109; 
Gibson, J. 123, 1269; cf, Vol. II, p. 405). For vanillyl amides of other acids, sec 
OU, Ann. 425, 314; Nelson, Am. 41, 2121; Jones, J. 127, 2588; Kobayashi, 
Scient. Japan. 6). Homopiperonyl-amine, (CH 8 O 2 ) • C«HsCH 2 CH 2 NH 2 , b.p. 
166® (20mm.),andhomoveratxyl-amme, (CH 8 (J) 2 [ 3 , 4 lCeH 8 (lICH 2 CH 2 NH 25 b.p. 
155® (12 mm.), are obtained by catalytic reduction of 3,4-methylene-dioxy- 
and 3,4-dimethoxy-acetyl-mandelic nitriles, respectively (Arch. Pharm. 265K 75). 

Methyl-guaiacyl-carbinol, avocynol, (HO)[4] (CHaO) [SlCeHalUCHOHCHs, 
m.p. 101®, benzoate, m.p. 128®, is prepared by the action of methyl magnesium 
iodide on vanillin benzoate (Arch. Pharm. 269, 334). Methyl-guaiacyl-ethyl- 
carbinol, (H 0 )[ 4 l(CH 30 )[ 3 ]C 8 H,[l]CH 2 CH 2 CH 0 HCH,, b.p. 197® (17 mm.), is 
the carbinol corresponding to the ketone zingerone (p. 353), from which it is ob¬ 
tained by reduction with sodium and alcohol. It has the same hot taste as the 
ketone (Nomura, Rep. Tohoku, 1925). 

3.4- Dihydroxy-phenyl-ethyl-aniine, (HO)2[3,41C«H8[l]CH2CH2NH2, hydro¬ 
chloride, m.p. 174-175®, is obtained by the reduction of the corresponding nitro- 
styrol (Ger. Pat. 247,906), and from amino-tyramine (Wascr Helv. 6, 54). 

/9- (3,4-Dihydro3^-phenyl-) ethyl-methylamine, epinine, (HO) 2 C 6 H 8 CH 2 CH 2 - 
NHCIIj, m.p. 177®, hydrochloride, m.p. 179-180®, is prepared from vcratralde- 
hyde (p. 349) through the corresponding hydrocinnamic ester; the acid amide is 
r^uced, and the two methyl groups are eliminated. For other syntheses, e.g». 
from dimethoxy-acetophenone, see Arch. Pharm. 270, 348. It is a styptic, and 
raises the blood pressure. 

TRIHYDROXY-BENZYL ALCOHOLS. 5-Methoxy-S,4-methylene-dioxy- 
benzylamine, (CH80)[5](CH202)[3,4]C«H2lllCH2NH2, b.p. 172.5® (16.5 mm.) 
is obtained by reducing myristicin aldehyde oxime (p. 350) in 50% acetic acid, 
with zinc dust (Rugheimer, Ber. 45 , 1340). 

/3-(3,4,5-Trime1hoiy-phenyl-)ethylamine, mezcaline, (CH80)8C6H2CH2CH2- 
NH8, b.p. 36-36®, b.p. 180® (12mm.), occurs, together with other bases, in Mexi¬ 
can cacti belonging to the Anhalonium genus. It has been prepared syn¬ 
thetically from trimethyl-gall-aldehyde (p. 350), by addition of nitromethane, 
followed by reduction from trimethyl-jallyl alcohol, through the chloride and the 
cyanide, followed by reduction (Ger. Pat. 526,172; Br. Pat. 339,699); from tri- 
methyl-homogall-aldehyde ^rom elemicin, p. 454), through the oxime and the 
nitrile by reduction (Hahn, Ber. 57 . 696): from 3,4,6-trimethoxy-w-nitrostyrene 
by reduction (Slotta. J. pr. 137 , 340); ana from trimethoxy-phenyl-propionamide 
by the action of sodium nypobromite (Slotta, Ber. 63 , 3029; Skita, Ber. 65 , 431). 
It ia a powerful poison, acting on the nerve centres and causing hallucinations. 
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Hydrochloride, m.p. 184-195®. Isomers, analogues, and homologues of mezca- 
line have been studied by Jansen, Weekbl. 26, 421; Rec. 50, 291; see also Ar. 
Pharm. 270, 410; Hahn, Ber. 67, 1486. 


Psevdophenol Halides^ Methylene Quinones^ and Quinols 

PSEUDOPHENOL-ALCOHOL HALIDES. Certain halogen esters of phenol- 
alcohols behave in a rather remarkable manner. This is particularly the case 
with those o- and p-hydroxy-benzyl bromides and chlorides in which nuclear 
hydrogen is replaced by chlorine or bromine. These compounds are obtained: 
(Jf) by the action of hydrobromic acid on phenol-alcohols; \2) by the addition of 
hydrogen bromide or bromine to vinyl-phenols; (3) by suitable bromination of 
o- or p-alkyl-phenols. The following is a list of the more important of these com¬ 
pounds : 

o-Hydroxymesityl chloride, C.H,[3,5](CHs)j[2,l](OH)CH2CL m.p. 58®. 

o-Hydroiqdsodiiryl chloride, C«H[3,5,6](CH,),[2,1](0H)CH2C1, m.p. 100®. 

m-Bromo-o-hydroxybenzyl bromide, C6HaI3]Br[2,l](OH)CH2Br, m.p. 98®. 

m,m-Dibromo-o-hydroxybenzyl bromide, CeH2[3,5]Br2[2,l] (OH)CH 2 Br, m.p. 
117®. 

Tribromo-o-hydroxybenzyl bromide, C6HBr8[2,l](OH)CH2B^ m.p. 134®. 

Tetrabromo-o-hydroxybenzyl bromide, C8Br4[2,l] (OH)CH 2 Br. n^. 156®. 

Dibromo-o-hydroxymesityl bromide, C 6 Br 2 (CH 8 ) 2 [ 2 ,l] (OHjCIiaBr, m.p. 
150®. 

Bromo-o-hydroxyisodiiryl bromide, C8Br(CH8)8[2,l] (OH)CH 2 Br, m.p. 112®. 
m-Dibromo-n-hydroxybenzyl bromide, CeH 2 Br 2 [ 4,1 ] (OH) CH 2 Br, m .p. 150®. 

Dibromo-p-hyoroxypseudocumyl bromide, C6Br2(CH8)2[4,ll(OH)CH2Br, 
m.p. 126°. 

Dibromo-p-hydroxymesityl bromide, m^. 147®. 

Tetrachloro-p-hydroxybenzyl bromide, CeCl4[4,l](OH)CH2Br, m.p. 160®. 

Tetrachloro-p-hydroxybenzyl chloride, m.p. 146°. 

Penta-, hexa-, and heptabromo-p-ethyl phenol, C6HBr8[4,l](OH)C*HBr- 
CHjBr, C8HBr8[4,l](OH)C*HBrCHBr2and CeBr4[4,l] (OH)C*HBrCHBr 2 . 

Dibromoisoeugenol dibromide, C6HBr2l310CH8[4,ll (OH)C*HBrCHBrCH8. 

Heptabromo-p-isopropyl-phenol, C 6 Br 4 [ 2 ,l] (OH)C*Br(CHBr 2 )CH 8 , m.p. 
183®, etc. 


These substances are insoluble in alkalis. One of the aliphatic halogen atoms is 
very mobile, and is readily replaced by OH, OAlk, OCOCHa, NHR, CN, or SH, 
on treatment with water, alcohol, acetic acid, amines, potassium cyanide, and 
potassium hydrogen sulphide, respectively. With phenols, and with tertiarv 
amines of the dimethylaniline type, diphenylmethane derivatives are formed. 
This reaction takes place very readily, and no condensing agent is necessary. 
The thiocyanates and acetates of the pseudophenols are as reactive as the halides, 
as are also certain nitro-compounas, such as C6Br2(CH8)i[4,l](OH)CH2NOi 
{Auwers, Ber. 34, 4264; c/. the similar behaviour of propenyl-phenol dibromides). 
The name *^p8eudo^phenoW* has been given to these substances on account of 
their insolubility in alkalis. Their behaviour is explained by assuming that the 
CHaBr and CHBr groups are drawn very near the p- or o-hydroxy groups, by 
some mechanism not yet understood, and that therefore hydrogen bromide is 
easily split off with the formation of highly reactive methylene-quinones. or 
**quino7neihanes** (Bistrzycki, Ber. 36, 2336). In most cases these would be 
intermediate compounds, which then add on the reagents mentioned above. 
Another explanation attributes a quinone structure to the pseudophenol bro¬ 
mides themselves, according to the following scheme: 


oh<3c 
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Pseudophenol bromide 


>==0-► H0CH2< >oh. 
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Methylene-quinone 


Phenol-aloohoi 



3^ 


MBTHYI.ENE QUINONES 


Otherwise the pstmdojjhenols behave in just the same way as the phenols. They 
are readily converted into 0*ace^l compounds and urethanes. 

METHYLENE QUINONES. The methylene quinones, which are supposed to 
be intermediate compounds in the reactions of the pseudophenol halides, can be 
prepared by treating o- and p«pseudophenol bromides with aqueous sodium ace¬ 
tate or dilute alkali. The o-methylene quinones are easily obtained, but the p- 
methylene quinones from the simpler pseudophenol bromides have not yet been 
isolated, since they readily change, partly into polymers insoluble in alkali, and 
partly into condensation products which dissolve in alkali, e.g., p,p'-dihy- 
droxy-diphenylmethane derivatives. Derivatives of p-ethylidene-quinone, p- 
propylidene-quinone, and p-iso-propylidene-quinone, however, have been pre- 
pareu from the pseudobromides of p-ethyl-phenol, isoeugenol, and p-iso-propyl- 
phenol (see above). The methylene-quinones are yellow, and readily change 
into colourless^ polymerides under the influence of light or acids. Tnere is a 
striking difference between the chemical behaviour of the o- and p-methylene- 
quinones. The p-compounds are highly reactive, and readily combine with 
water, alcohols, acetic acid, and hydrogen halides to form phenol-alcohol deriva¬ 
tives, but o-methylene-quinones do not react at all with these reagents, so that 
they can hardly be intermediate compounds in the reactions of the pseiidophenol 
halides (see above). 

o-Isodurylene-quinone, CHj: [l]C®H(CHs)j[2] :0, m.p. 129®. 

Te trabromo-o-methylene -quinon^ CH2:[l]C6Br4[21:0, m.p. about 130®. 

Bromo-o-isodurylene-quinone, Cfc: [l]CJlr(CHi)3[21:0, m.p. 165®. 

Dibromo-dimethyl-a-methylene-quinone, CH 2 : [ 1 ] C«Br 2 {CH 3 ) 2 :0, m.p. 168°. 

Hexabromo-p-ethylidene-quinone, CHBraC^H: [l]CeBr4[4] :0. 

Tribromo-methoxy-p-propylidene-quinone, CHaCHBrCH: [ 1 ] C«HBr 2 - 
(0CH3)[4]:0, 

Hexabromo-p-m^propylidene-quinone, CHsf CHHr 2 )C: [ 1 ]CftBr4[4]: O, m.p. 

186®. 


Much more stable methylene-quinones are known in the di- and triphenyl- 
methane series, c.p., diphenyl^rnethylene^quinone^ or quino^iphenylmethane^ 
and dyestuffs of the benzophenone, and triphenyl-carbinol groups, such as 
aurawine, rosaniline, rosolic acidj etc,, which may also be regarded as derived 
from methylene-quinone. 

Literature, — Auwere, Ann. 301, 203; 334, 264; 344, 93; Ber. 32, 2978; 34, 
4256 ; 36, 1878; 39, 3160; 44, 588, 788; Zincke, Ann. 320, 145; 322, 174; 
329, 1; 349,67; 350,269; 353,357; 381,28. 

QUINOLS. The quinols form a group of substances "closely related to the 
pseudophenols and methylene-quinones on the one hand, and to the true quin¬ 
ones on the other (p. 233). 

They were first obtained (i) by oxidising bromo- or chloro-p-alkyl-phenols 
with nitric acid, or oxides of nitrogen, when nitroketones, or quinitrols^ are inter¬ 
mediate products: 


H Cl 

CH,< f V )H 

Dichloro-p-cresol 


=0 


PH 

HNOi 

Uichloro-toluquinitrol 


CHiCOOW 



Dichloro-toluquinol 


Bamberger (Ber. 36, 2028) succeeded in obtaining quinols even from unhalo- 
genated p-alkyl-phenols by using permonosulphuric acid as an oxidising agent, 
though the yield was small. When dichloro-toluquinitrol is boiled with methyl or 
ethyl alcohol it gives the ethers: 
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(^) The simplest members of the series have been obtained from p-alkyl- 
phenyl-hydroxy lamines (p. 68) which rearrange to imino-quinols^ under the in¬ 
fluence of sulphuric acid. These lose ammonia, and become quinols: 



p-Tolylhydroxylamine Tminotoluquinol Toluquinol 


By a similar reaction, p-alkyl-phenyl-hydroxylamines yield imino-quinol 
ethers and quinol-ethers on heating with alcoholic sulphuric acid: 


II CH, 

CH,<^^NHOH - 

wi«Xylyl-^-hydroxylaniine 



Irnino-xyloquinol ethyl ether 


Xyloquiuol-etbyl ether 


{3) Quinols are formed in small yield by the action of methyl magnesium 
iodide on quinones; the yield is better with methylated quinones. 

(4) Halogen derivatives of o-alkyl-phenols, e,g,, of o-cresol, when acted upon 
by nitric acid give nitrUquini^ls, in which a nitro-group is attached to the al¬ 
kylated C-atom, and a ON02-group to the hydroxyiated C-atom. When these 
are reduced by stannous ciiloride and hydrochloric acid, halogen-amine-o- 
cresols are formed. When boiled with acetylene tetrachloride, the halogen atom 
in the /w-position is removed and a nitrate of o-toluquiiwne is formed {Zincke, 
Ann. 417, 191). 


H CH, 
Hlg< f ^ 011 
miTiig 



The quinols are colourless, and are soluble in alkalis. They can be acetylated. 
and are very readily reduced to p-alkyl phenols. They can be partly re-obtainea 
from the latter by oxidation (see above). 

The simpler quinols combine with two molecules of hydroxylamine, in the same 
way as the a. /3-olefine-ketones (I, p. 275) do, to form /3-hydroxylamino-oximes. 
With phenylhydrazine, phenylhydrazino-compounds, or diphenylhydrazones of 
diketo-hydroxy-tetrahydro-benzenes, or azo-compounds are formed, according 
to experimental conditions. In the last case, two molecules of water are elimi¬ 
nated. With alkyl-magnesium halides, the quinols give diquinols (see method 
3 above): 


Br Br 

3t tsr 

Tetrabromo-tolaquixiol 



C,H,MgT 
-^ 


Hr B r ^« 

OJljv ✓Oirli 

Tetrabromo-xnethyl-ethyl-diquinol 


A tendency to migration of atoms within the molecule is characteristic of 
quinols. One of the most remarkable of these is a migration of the p-alkyl-group 
under the influence of sulphuric acid, which results in the formation of hydro- 
quinones, e.g,: 


CH, 

HO 


H C H, 

^=o 




2,4-Dimethylqiiinol 


H CH, 
HO<^^%OH 

p-Xylohydroquinone 
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When submitted to the same treatment, ouinol ethers undergo rearrangements 
in two directions. When heated with alcoholic sulphuric acid, both hydroquinone 
ethers and resorcinol ethers are formed, the latter arising from a migration of the 
alkoxy-group. 

When halogenated methyl-quinols are heated with concentrated sulphuric 
acid, formaldehyde is split off, and p,n'-dihydroxyphenyl-methanes are formed. 
The isomeric p-hydroxy-benzyl alcohols, and their derivatives, the pseudo¬ 
phenol bromides, behave similarly, probably with intermediate formation of 
methylene quinones (Auwera, Ann. 356, 124^ Tetrabromo-ethyl-quinol gives 
tribromo-ethyl-quinone when treated with concentrated sulphuric acid (Zincke, 
Ann. 341, 362). 

In halogenated quinols, one halogen aton^ that occupying the o-position to the 
quinol group, is readily replaced by OH, NHCeHs, etc. Cf. the similar behaviour 
chloranils <p. 238). 

Nitrochloro-p-cresol does not yield a quinol when heated with nitric acid, as 
would be expected, but nitrochloro-toltiquinone, is formed instead; this is due to a 
‘rearrangement of the quinol to a hydroquinone, and subsequent oxidation. 
Nitrobromo- and nitro-dibromo-p-cresols behave similarly {Zincke^ Ann. 341, 
362). This atomic migration may take a different course according to the struc¬ 
ture of the quinol {Auivers, Ber. 35, 443). 

p-Toluquinol, CHa(OH) [4]C6H4:0, m.p. 75®, has been obtained by the action 
of dilute sulphuric acid on p-tolyl-hydroxyfamine, and in small quantities by the 
action of permonosulphuric acid on p-cresol. 2,4-Dimethyl-auinol, CH 3 (OH)- 
[4]C5H8[2]CH8:0, m.p. 73®, is obtained by the action of cold, dilute sulphuric 
acid on m-xylyl-j9-hydroxylamine; when heated with acids, or alkalis, or when 
exposed to light, it gives p-xylo-hydroquinono (see above). 2,4-Dimethyl-quinol 
ethyl ether, cil,(OC,H.)[4]CJH,(21CCHs):0, b.p. 94“ (12 mm.). Imino- 
2,4-dimethyl-quinol ethyl ether, CH8(OC2H6)[4]C6Hs[21(CH3):NH, b.p. 98® 
(11 mm.), is prepared by the action of alcoholic sulphuric acid on A/i-xylyl-/8- 
hydroxylamine. Mesityl-quinol, CH3(OH)[4](j6H2[2,6] (CH3)2:0, m.p. 46®, is 
obtained from mesityl-hydroxyl amine, and gives cumo-hydroquinono on rearrange¬ 
ment. 2,4,5-Trimethyl-quinol, m.p. 116®, is obtained by the action of permono¬ 
sulphuric acid on pseudo-cumcnol, and by the action of methyl magnesium 
iodide on p-xyloquinone (Bamberger, Ber. 36, 2038). Di-, tri-, and tetrachloro- 
toluquinols, m.p. 123®, 90®, and 166®, respectively, are prepared from di-, tri-, 
and tetra-chloro-cresols by the action of nitric acid, either directly, or by the 
intermediate formation of the quinitrols (method 1 ). Di, tri-, and tetra-bromo- 
toluquinols, m.p, 134®. 128®, and 206®, respectively. When acted upon by alco¬ 
holic hydrogen chloriae, chlorine replaces two bromine atoms of tetra-bromo- 
toluquinol, and one of tribromo-toiuquinol, with the formation of dibromo- 
dichloro-toluquinol, m.p. 162®, and dibromo-chloro-toluquinol, m.p. 135®, re¬ 
spectively. Tetrabromo-ethyl-quinol, C2H6(0H)[4]CeBr4:0, m.p. 140®; tetra- 
bromo-methyl-ethyl-diquinol, CH8(OH)[l]C3Br4[4] (On)C 2 H 5 , m.p. 191®, and 
tetrabromo-diethyl-diquinol, C2H5(OH)[l]C6Br4[4] (OH)C 2 H 6 , m.p. 180®, are 
obtained from tetrabromo-ethyl^uinol by the action of methyl magnesium 
iodide, and ethyl magnesium iodide, respectively. 

NO2 

y'CHs 

2-Acetyl-6-nitro-toluquinitrol, Q=< ^ / ^NO * lias been pre- 

COCH, 

pared by the action of concentrated nitric acid on 2-acetyl-4-cre3ol (Witligt J. 
pr. 130,81). 

Nitric acid also oxidises pseudophenol bromides to quinols, which, when treated 
with alkalis, or silver oxide, lose hydrobromic acid, and give oxides: 



Pentabromo-p-cre^ol Pentabromo-toluqiuiio) Tetrabromo-toluquinol 

oxide 
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These oxides add on hydrogen bromide and acetyl bromide to form derivatives . 
of hydroquinone: 


Br Br 


Br Br 

BrCH,0<r y>H 


r>a 


=0 — 


CHiCOBr 


Br Br 


BrCH20< 


OCOCH 3 


Literature. — Auwers^ Ber. 35, 425, 443; Bamberger, Ber. 33, 3600 ; 35, 1424, 
3886; 36, 1625; 40, 1890, 2236; Zincke, Ber. 34, 253; Ann. 328, 261; 341, 
309 ; 343, 100. 


2 . Aromatic Hydrozy-monoaldehydes. Phenol Aldehydes 

The phenol aldehydes can be obtained: {1) by oxidation of the 
phenol alcohols with chromic acid; (2) from the ozonides of propenyl 
phenols, the hydroxyl group being protected if necessary; (3) by an 
important synthetic process, in which chloroform and alkali act upon 
phenols. The chloroform provides the aldehyde group, which is in 
the 0 - or p-position to the phenolic hydroxyl (Reimer's reaction, 1876; 
Ber. 9, 1268): 

CtH,OH + CHCh + 4KOH » KO CeHi-CHO + 3KC1 + 3H*0. 

When 0 - and p-alkylated phenols are treated with chloroform and alkali, they 
yield partly phenol aldehydes, and partly chlorinated products, insoluble in 
alkali, and ketonic in nature, e.g.: 


ch<;3c 


®”'V >0. 


These substances are derivatives of keto-dihydrobenzene, and are therefore con¬ 
sidered in connection with these compounds (Vol, II, p. 118). Chloral can be 
used in some of these reactions in place of chloroform. Hodgson (J. 1929, 1639) 
has investigated the proportions of o- and p-hydroxyaldehydes formed in Reimer’s 
reaction, using chloroform and bromoform. 


(4) Another important synthetic method of preparing the phenol 
aldehydes is the action of hydrocyanic acid and gaseous hydrogen 
chloride on phenols, or their ethers, with or without the addition of 
aluminium chloride (Gattermann, Ann. 357, 313). Aldimines are 
first produced, and they are readily converted into aldehydes: 


CcHiOH 


HNC(HCl) 


HN:CH-C«H40H 


OCHCeH40H. 


With phenols, but not with the ethers, zinc cyanide can be substituted for hydro¬ 
cyanic acid (Adams, Am. 45, 2373 ; 46, 1518). For by-products of the reaction, 
see Bell, J. 1928, 2215. 

By similar reactions, (4a) oximes of phenol aldehydes are obtained by the ac¬ 
tion of mercury fulminate and hydrogen chloride on polyhydrio phenols: ( 46 ) 
phenylimines of phenol aldehydes are formed by the action of formanilide and 
phosphorus oxycnloride on polyhydric phenols (Scholl, Ber. 34, 1441; Dimroth, 
Ber. 35, 993); and (4c) phenol ethers and anhydro-iormaldehydo-aniline give 
hydroxy-benzyl-anilines, which can be dehydrogenated with mtrobenzene and 
caustic potash to hydroxy-benzanilines and further to hydroxyaldehydes: i 
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HON;( C(HCl) 
CJI.COH),/' C«H6N:CHCI 


C*Ha(011)aCn:N0H 

C,H,(OH)aCH:NC«H, 


CeH4(On)(OCH,) 


(CHaNCaHi), 

- y 


C»Ha(OH)(OCir,)«CHa • NHC^Ha-► 

CeII,(OH)(OCH,)CH: NC«H, 


(5) Hydrosy-aldehydes have been obtained by heating phenols with form¬ 
aldehyde, or with ethers or esters of the hypothetical methylene-glycol, such as 
methylal- and methylene chloride, in the presence of an aromatic nitroso-com- 
pound, such as nitrosophenol, or nitrosonaphthol, and a catalyst, such as CuO, 
m methyl alcohol saturated with hydrogen chloride (Fr. Pat. 646,570; Br. Pat. 
294,889: C. 1931, I, 1361). 

(6) Resorcinol and other polyhydric phenols react with cyanogen bromide 
and hydrogen chloride with the formation of phenol-aldehydo-chloroimines, 

which are hydrolysed to phenol aldehydes: C 6 H 4 (OH )2 -> C«H 8 (OH) 2 *- 

CH:NC1-► CeH 3 (OH) 2 CHO (Karrer, Helv. 2, 89), 


Reactions. —^The reactions of the aldehyde group in phenol alde¬ 
hydes are the same as in the ordinary aromatic aldehydes, such as 
benzaldehyde. They are oxidised only with difficulty to phenol 
carboxylic acids (see p. 185). They reduce ammoniacal silver 
nitrate, but not Fehling’s solution. The best oxidising agent for 
converting them into carboxylic acids is fused caustic potash, to 
which lead dioxide may be added with advantage, o- and p-Hydroxy- 
aldehydes are oxidised by caustic potash at a moderate temperature, 
but m-hydroxy-aldehydes, when treated in the same way, undergo a 
Cannizzaro reaction with the simultaneous formation of an acid and 
an alcohol. The same occurs with the methyl ethers of o- and p- 
hydroxy-aldehydes (Lock, Ber. 61, 2234 ; 62, 1177). For the action 
of iodine and aqueous potash on hydroxy-aldehydes, see Windhaus, 
Ber. 56, 846. Dilute alkaline hydrogen peroxide readily oxidises the 
o- and p-phenol aldehydes to pyrocatechol and hydroquinone, respec¬ 
tively, the aldehyde group being split off (Dakin, Am. Ch. J. 42, 477). 
They are catalytically reduced to phenols in the presence of palla¬ 
dium; thus, saUcylaldehyde gives o-cresol (yVindaus, loc. cU.). The 
phenol aldehydes form two series of salts: colourless salts, with the 
normal formula, CHO’CeH^OK, and coloured salts, usually yellow, 
with the quinoid formula 0:C«H4:C(H)0K (Hantzsch, Ber. 48,1332). 
The salts give alkyl ethers with alkyl iodides or dialkyl sulphates. 
For the condensation of hydroxy-aldehydes with methyl-alkyl ketones 
see Iwamoto, Bull. Japan, 2,51; Levy, C.r. 185,133. 

In salicylaldehyde, the phenolic hydrogen atom is linked to the 
oxygen of the CHO group by a coordinate linkage (c/. Sidgvnck, 
Electronic Theory of Valency, p. 233). 


(a) Monohydroxy-bemaldehydes, HO-CJl 4 'CHO 

The three isomerides required by theory are known. The first to 
be discovered was the methyl ether of p-hydroxy-benzaldehyde, 
known as anisaldehyde. 

Salicylaldehyde, o-hydroxybemaldehyde, m.p. ^ 1.6°, b.p. 196°, 
du 1.169, occurs in the essential oil of various species of Spiraea, e.g.. 
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Spiraea ulmaria. It was discovered by Piria in 1839, as an oxidation 
product of saligenin. It is obtained from helicin, the oridation prod¬ 
uct of salidn by decomposition, and from sodium salicylate 

by reduction in the presence of boric acid {Weil^ Ber. 41,4147; U. S. 
Pat. 1,427,400), or electrolytically (Mettler, Ber. 41, 4148; Rutovski^ 
Pharm. Moskva, 1928). The most convenient method of preparation 
is the Reimer-Tiemann process—the action of chloroform and alkali 
on phenol. Both salicylaldehyde and p-hydroxy-benzaldehyde are 
formed in this reaction. They are separated by steam distillation, 
the former being the more volatile. Industrially, o-cresol carbonate 
or other inorganic esters of o-cresol are chlorinated to the CHCh 
stage, and are then hydrolysed (Ger. Pat. 268,786), or o-cresol-aryl- 
sulphonic esters are oxidised with manganese dioxide and sulphuric 
acid. It is fairly soluble in water, and the solution gives a deep 
purple colour with ferric chloride (c/. saligenin, p. 335, and salicylic 
acid, p. 355). Its solution in alkali is intensely yellow, unlike that 
of the para-isomer {Hantzsch, Ber. 39, 3087). A solution of salicyl- 

.CH-O 


aldehyde dimerises at once to ^*P- 130®, 

under the influence of one drop of mineral acid, (Adams, Am. 44, 
1126). Salicylaldehyde and benzaldehyde condense in the presence 
of sulphuric acid, to form a derivative of triphenylmethane, CeHsCH- 
(C6H3[0HJCH0)2, m.p. 55® (Giacalone, Gazz.61,301). A solution of 
salicylaldehyde in concentrated sulphuric acid is used as a reagent 
for detecting the rancidity of fats due to formation of ketones. Like 
all o-hydroxy-aldehydes it stains the skin a deep-yellow. On reduc¬ 
tion it gives saligenin, and on oxidation, salicylic acid. 

The potassium salt of salicytaldehyde, KO-C^Hi’CHO -h H 2 O, forms yellow 
plates. The methyl ether, CH 30 C«H 4 CH 0 , m.p. 38®, b.p. 238®; the anU of 
methoxy^benzaldehyde, C 6 H 4 (OCH*)CH:NC«H 5 , b.p. 236® (30mm.), decomposes 
into salicylaldehyde and methyl-aniline on heating with methyl iodide {Freund, 
Ber. 36, 1537). Ethyl ether, b.p, 248®. The dirnethyl-axetal of salicylaldehyde 
loses methyl alcohol on heating to 130® in vacuo (0.5-1 mm.) forming the melhyU 

laelolide, | , m.p. 217-218®, the molecular weight of which is 

\CHOCH, 

doubled in benzene, but is simple in phenol, and in the gaseous state. Ethyl 
lactoUde, m.p. 156® {Bergmann, Ann. 452, 135). Salicylaldehyde acetate, CH*- 
("00*C6H4CH0, m.p. 38®, b.p. 253®, is^formed from the aldehyde dissolved in 
acetic anhydride, in the presence of anhydrous potassium carbonate {Schorygin, 
Zhurnal, 3, 1189). Carbonate, (CHOC 6 H 4 )CO«, m.p. 89® (Emhom, Ber. 38, 
3631). Glucoside, see helicin, o-Aldehydo-phenoxy*c^honic ester, CHO-- 
C 6 H 4 O 0000^5 b.p. 197® (90 mm.) {Cajar. Ber. 31, 2804). o-Aldehydo- 
phenoxy-acetic acid, C00H-CH*0[2)C«H4[1]CH0, m.p. 132®, gives cumarilic 
acid, on dehydration. Salicyl-aldoxime^ m.p. 57® (see Goldschmidt, Ber. 22, 
3102). This compound forms a characteristic copper salt, like the oximes of some 
other o-hydroxy-aldehydes (Feigl, Ber. 64, 2819). o-Anis-aldoxime, CH»0- 
[2]C6H4[11CH:N0H, m.p. 92®, is obtained, together with p-anis-aldoxime, 
from anisole, by the action of mercury fulminate and hydrated aluminium 
chloride {Goldschmidt, Ber. 23, 2741; Scholl, Ber. 36, 648). Salicyl hydramide, 
(C7H«0)*N^ m.p. 167® (C. 1809, II, 827; 1900, I, 123). Salicyl-hydrazone, 
HO CeHi CHiNNHi, m.p. 96®; o-hydroxy-benzalazine, HOC*H 4 CH:N-N:- 
CHJI 40 H, m.p. 213® {Cajar, Ber. 31, 2806), forms three physical isomers with 
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identical m>p/s (Lockemann, Ber. 46, 1013). Phenylhydrazone, m.p. 142**, 
b.p. 234® (28 mm.), decomposes to some extent when boiled under ordinary pres¬ 
sures to aniline and salicylic nitrile, CeH 4 (OH)CN (Anselmino, Ber. 36, 580). 
For nitrosalicylaldehydes see Tiemann, Ber. 22, 2339. 

m-Hydroxy-benzaldebyde, m.p. 104®, b.p. 240®, has been prepared by reduc¬ 
ing m-hydroxybenzoic acid with sodium amalgam {Tiemann, Ber. 14, 969), and 
from m-nitro-bcnzaldehyde (Tiemann, Ber. IS, 2045). It condenses with aceto- 
bromo-glucose in alkaline solution to form tetra-acetyl-gluco-m-benzaldehyde, 
m.p. 108-109®, from which, by hydrolysis with ammonia, gluco-m-hemaldehyde^ 
CitHisOr. m.p. 160-161®, is obtained (Mauthner, J. pr. 129^ 278). Oxime, 
m.p. 87"*; vhenylhydrazone, m.p. 130® (Ber. 24, 826). For nitro-m-methoxy- 
benzaldehyaes, and bromo-derivativea, see Hodgson, J. 1931, 1500; Ulrich, 
Ber. 18, 2572. 

p-Hydroxy-benzaldehyde, m.p. 116®, with sublimation, is obtained together 
with salicylaldehyde by the action of aqueous alkali on pnenol and chloroform. 
It is also obtains by the action of hydrocyanic acid and hydrogen chloride on 
phenol (p. 343), or from p-amino-Denzaldehyde {Walther, J. pr. 57, 535). 
Oxime, m.p. 65®; phenylhydrazone, m.p. 178®. For its halogen substitution 
products see Paal, Ber. 29, 2302; Auwers, Ber. 29, 2355. Its methyl ether is the 
readily accessible 

Anisaldehyde, p-methoxybenzaldehyde, CH 30 [ 4 ]C 6 H 4 [ 1 ]CH 0 , b.p. 
248®, di6 1.128, occurs in vanilla from Tahiti, in oil of Cassia, and 
other essential oils, and is found in old anise and fennel oil, and other 
oils, originally containing anethole, from which it is formed by 
oxidation. It can be prepared from anethole by the action of nitric 
acid, chromic acid, ozone, etc,, or from p-cresol methyl ether by oxida¬ 
tion with permanganate and sulphuric acid, or electrochemically 
(Shorigyn, Zhurnal, 3,1189; Fichter, Helv. 8,332). 

p^Aniscddoxime, m.p. 61®, and P’^ethoxy-henzdfdoxime, (C 2 H 50 )[ 4 ]CeH 4 CH:- 
NOH, two modifications, m.p. 118® and 157®, have been prepared from anisole 
and phenetole, respectively, oy the action of mercury fulminate and hydrated 
aluminium chloride. In the first case p-anisic nitrile and o-anisaldoxime are by¬ 
products {Scholl, Ber. 36, 648, 650). Anisal chloride, CHsO’CsHi'CHCh, m.p. 
20® {Schmidt, Ber. 41, 2331). 

2-Chloro-4-hydroxy-benzaldehyde, m.p. 147-148®, and 4-chloro-2-hydroxy- 
benzaldehyde, m.p. 52.5®, are formed from m-chlorophenol by ileimer's reac¬ 
tion {Hodgson, J. 1927, 1740). 

0 - and p-Mercapto-benzaldehydes, mobile oils which polymerise rapidly, are 
obtained irofii the ami no-aldehydes, through the thiocyano-aldehydes with sub¬ 
sequent treatment with sodium sulphide. Phenylhydrazones, m.p. 127-129® and 
139® {Friedldnder, Ber. 45, 2083). 

HOMOLOGUES OF MONOHYDROXY-BBNZALDEHYDES. These have 
been prepared from various phenols by the methods of Reimer and Galtermann 
(p.343): 

o-HomosaHcylaldehyde, CH3[3]CeH3[2]OH[l]CHO, m.p. 17°, b.p. 208®.“ 
a-w-Homosalicylaldehyde, CH,[4]CaH,[210H[l]CH0, m.p. 61®, b.p. 222®.«» 
^-m-Homosalicylaldehyd^ CH,[6]C6H,[2JOH[l]CHO, m.p. 32®, b.p. 229®.» 
p-Homosalicylaldehyde, CH8l51C«H3l210HlllCH0, m.p, 56®, b.p. 217®. 
m-Homo-p-hydroxybenzaldehyde, CHt[3]C8H3[4]OH[liCHO, m.p. 118®.« 
o-Homo-p-hydroiybenzaldehyde, CH|(2]CflH8(4IOH[l]CHO, m.p., 110°. 
TrimethylsaUcylaldehyde, (CH3),[3,5,6]CeH[2]OH(l]CHO, 105®. 
p-Thymotinaldehyde, (CH8)[2]C.H7[5]C6H2[410H[11CH0, m.p. 133®.* 
p^Canracrotinaldehy^e, CH,[5]C,H7[2]C8H2r4]OH[l]CHO, m.p. liquid./ 
p-Isobtttylsalicylaldehyde, C4H9[4JC«H8t2]OH[l]CHO, m.p. liquid, b.p. 

252®. 

® Paachen, Ber,- 24, 3667. ^ Chuit, Bull. [3], 35,129. Anselmino, Ber. 50,395. 
^QaUermann, Ber. 31, 1766. ^Auwers, Ber. 18, 2656 ; 32, 3598. *Kohek, Ber. 
16, 2097; Gattermannf Ber. 31,1767. / Luslig, Ber. 19,14. • Dains, Am. J. 16, 
434. 
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p-Hjrdroi^-mesitylene^aldehyde, (CHt)s[3,5](OH)[4]C«HsCHO, m.p. 114**, 
is obtained from mesitol (p. 189) by oxidation with ethyl nitrite; oxime, m.p. 
169** (Thiele, Ann. 311, 363). 

o-Hydroxy-benzaldehydes are more soluble in water, but less soluble in chloro¬ 
form than the p-hydroxy-benzaldehydes. They are volatile with steam, and give 
difficultly soluble sodium bisulphite compounds; they give a yellow colour with 
ammonia. Rather unexpectedly, the phenylhydrazones of homosalicylalde- 
hydes and other ring-alkylated salicylaldehydes are insoluble in alkali (A?weZ- 
mino, Ber, 35, 4099). 

o-Hydroxy-phenyl-acetaldehyde, HO[2]C5H4CH2CHO, b.p. 90® (*'0** mm.), is 
obtained by ozonisation of o-allyl-phenol (Rinkes, Rec. 45, 819). p-Methoxy- 
phenyl-acetaldehyde, homoaniaoMehyde, CH80[4]C5H4CHjCHO, b.p. 78-79® 
(1.6 mm.), is obtained by ozonisation of chavicol-raethyl ether 450), and its 
oxime, m.p. 120®, by r^uction of anisylidene-nitromethane, CHjOCeHiCH:- 
CHNO 2 (Jaarries, Ber. 49, 1029; Bouveault, C.r. 135, 41). 

p-Methoxy-hydrotropalde^de CH,0(41C 6 H 4 C*11(^8)0^10, b.p. 256®, 
is obtained from anethole, C;H 30 C«H 4 CH:CHCH 8 , by oxidation with mercuric 
oxide and iodine. A migration of the aromatic residue occurs (Bouvault, Ann. 
chim. phys. [7], 25, 483). It has been resolved into its optical antipodes, ao ** 
+2.62® and -2.45*^ (Betti, Ber. 63, 874). 


(6) Dihydroxy-benzaMehydes 


Dihydroxy-benzaldehydes can be obtained from dihydroxy-ben¬ 
zenes by nuclear synthesis with chloroform and alkali, or with 
hydrocyanic acid and hydrogen chloride, etc. (p. 343). Certain 
ethers derived from protocatechualdehyde possess a very pleasant 
odour, particularly vanillin and piperonal^ both of which are manu¬ 
factured on the large scale. 


yCHOfl] /CHOdl 

CeH4eOH[3] CeHj^OCHa 
NOH[4] \OH[4] 

Frotocatechu-aldehyde Vanillin 


/CHO[l] 

C,H^H(3] 

\OCH,[4] 

laovanillin 


yCHOdl 

Piperonal 


Protocatechu-aldehyde, SA-dihydroxy-benzaidehyde, m.p. 153® (Wegacheider, 
Mo. 14, 382), was discovered by riitig and Remaen in 1871, who obtained it from 
piperonal (see below) (cf. Ger. Pat. 278,778). It can be prepared by heating 
vanillin, isovanillin or opianic acid (p. 381) with hydrochloric acid, and by oxidis¬ 
ing m- or p-hydroxy-benzaldehydo with hydrogen peroxide in the presence of 
ferric salts (Ger. Pat. 155,731). When piperonal is heated with aliminium 
chloride in nitrobenzene solution, ijrotocatechu-aldehyde is formed in good 
yield (Ger. Pat. 591,888). It is obtained synthetically by the action of chloro¬ 
form and aqueous alkali on pyrocatechol. It dissolves readily in water, and the 
4 ;olution gives a deep-green colour with ferric chloride (p. 219). It reduces am- 
moniacal silver nitrate solution. When fused with p>otash it is converted into 
protocatechuic acid. Its two OH groups differ in reactivity (Pauly, Ann. 383, 
288). Its phenylhydrazone occurs m two modifications: a-(stable), m.p. 176®, 
and /5-(unstable), m.p. 121-128®. Oxime, m.p. 167® (Wegscheider, Mo. 17, 245). 
Protocatechu-aldenyde carbonate, (C0)02;CeH3CH0 (p. 349), m.p. 124®, b.p. 
162® (13 mm.). o-Protocatechu-aldehyde, (HO)a[2,3]CeHjCHO, m.p. 105®, 
has been prepared by Pauly (Ann. 383,313) by demethylation of o-vanillin. 

Vanillin, w-methoxy-p-hydroxy-benzaldehyde, m.p. 83°, sub¬ 
limes readily. It is the active principle of the fruit of Vanilla pUmi^ 
folia (the ordinary vanilla pod), which contains about 2% of it. 
It is found in the orchids Nigritella suaveoUns and Gymnadenia 
albidaf in balsam of Peru, and other oils. It is found in small amounts 
in many other substances of vegetable origin, such as potato skins 
and blossoms, in the fresh bark of lime and beech, in some resins, 
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etc. Ip these cases the quantities present are so small that they can 
only be detected by the smell of vanillin. The waste liquor from the 
treatment of cellulose with sulphite contains 0.1 to 2.4 grams per litre 
of it. Here it is probably formed from the lignin of the wood {Kursch- 
ner, J. pr. 118, 238; Honig, Angew. 44, 845). It can be obtained 
from material containing lignin, such as straw, moss, wood, etc., by 
mild ozonisation, or treatment with activated oxygen, potassium 
permanganate, etc. (Br. Pat. 319,747). Tiemann and Haarmann,^ 
(1874) were the first to prepare it artificially by oxidising the gluco- 
side, coniferin, with chromic acid. In this reaction glucovanillin can 
be isolated as an intermediate product. It is decomposed into glucose 
and vanillin by acids or emulsin (Tiemann, Ber. 7, 613; 9, 1287; 14, 
2023; 18, 1595, 1657). When protooatechu-aldehyde is methylated 
by means of dimethyl sulphate, vanillin is formed, together with 
much isovanillin (see below) (Ger. Pat. 122,851). It is synthesised 
from guiaicol, which is treated with chloroform and caustic potash, 
or with hydrocyanic acid and hydrogen chloride. In the former case, 
mrimthoxy-salii^laldehyde, o-vanilUn, m.p. 45°, b.p. 266°, is formed 
simultaneously (Noelting, Ann. ch. ph. [8], 19, 476). 

Vanillin is manufactured on the large scale from eugenol, which can 
be readily obtained from clove oil. It is first converted into iso- 
eugenol, and then oxidised. During oxidation, the free hydroxyl 
group must be protected by temporary esterification with acetic acid 
or phenyl sulphonic acid, or some similar acid. 


/CH,-CH:CHj[l] 

\OH[4] 


yCH:ClI-CHi[l] 

C«H,^CH,[31 


Eugenol 


Tsoeugenol 


yCHOlU 

CJHi^OCH.l31 

\OH(4] 

Vanillin 


The oxidising agents used are potassium dichromate and sulphuric acid, with 
the addition of some sulphanilic or anthranilic acid (Sw. rats. 89,053 and 
91,088), ozone (Witt, Ber. 48,232; Briner, Helv. 7,62), nitrobenzene and caustic 
potash (Br. Pats. 285,156 and 290,649). The oxidation may also be effected 
electrochemically (Fichter, Helv- 8, 394). 

Another process starts from safrol (p. 452), from which two isomeric phenols 
are obtained by fission of the CH 2 O 2 group; these are methylated. and the CH 2 ‘ - 
OAlk group is removed; or the hydroxyl is temporarily esterifiecl, and the order 
of the two reactions is reversed. In both cases, isoeugenol results: 


/CIl2CH;CH2[ll 

Safrol 


^ CeH,^CH20Alk[3J and 
\OH[4] 

Alkoxy-'isoeugenol 


yCH:CHCH,lll 

C,H,^H[31 

X)CH,OAIk[4I 

Alkoxy-isochavibetol 


yCH:CHCH,[l] 
^ C«H,:^CH,[31 
\OH[4] 

Isoeugenol 


Reactions (A) and (5) mentioned on p. 343 indicate many methods by which 
guaiacol can be converted into vanillin, and some 6f these are used industrially 
{Wagner. Chem, Ztg. 52, 379; Schwyzer, Chem. Ztg. 54, 817, 839). 

When heated with hydrochloric acid, vanillin is decomposed into protocatechu- 
aldehyde and chloroform. It behaves as a p-hydroxy-benzaldehyde (p. 346), 
and is converted into protocatechuic acid when fused with caustic potash. Its 
constitution follows from the above two reactions. It is reduced by sodium 
amalgam to vanillyl alcohol (p. 338) and hydrovaniUoin, a compound correspond- 
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ing to hydrobenzoin (p. 267). Vanillin-ozime, m.p. 117® {Marcus, Ber. 24, 
3664). TrithiovaniUin, [CeH 3 (OH)(OCH,)CSHl«, m.p. 236® {Woemer, Ber. 
29, 143). The 3-ethyl ether of protocatechu-alaehyae, C6H|[1]CH0[310C2- 
H6[4]0H, m.p. 77.6®, which is obtained by ethylation of protocateehu-aldohyde, 
or by ethylation of the fission products of safrol, mentioned above, followed by 
further treatment, tastes and smells foiu* times stronger than vanillin. It is 
made commercially, and marketed under the names oourhonal, ethyl^anillin, 
qundrivanil, etc, 

lsoYan\i\m,p-rn^th^xy-m-hydroxy-henzaldehyde^ m.p. 116®, smells, when warm, 
of vanillin and anise-oil. It is obtained from protocatechu-aldehyde by methyla- 
tion (p. 347), and by oxidation of heaperitinic add (p. 476). It is also obtained 
by heating opianic acid (p. 381), with hydrochloric acid. O-Methyl-vanillin, p- 
ovratraldehyde, (CHjO)j‘CeHi‘CJEIO, m.p. 43®, b.p. 283® {Tiemann, Ber. 11, 
062); O-ethyl-vaniUin, m.p. 65®. Both these compounds can be obtained by 
treating vanillin with the necessary dialkyl sulphate and sodium hydroxide 
iHann, Ac. Washington, 24, 126). Isobourbonal, safrovanillin, HOISJCjHsO- 
KlCeHjCHO, m.p. 126®; ethyl-bourbonal, (C 2 H 50 ) 2 [ 3 , 4 ]C»H 3 CH 0 , m.p. 25® 
(Brit. Pats. 294,889 and 290,469). 3-Methoxy-4-hydroxyphenyl-acetaldehyde, 
homovanillin, H 0 [ 4 ]CH 30 [ 3 ]C 6 H 8 CH 2 CH 0 , m.p. 60.5®, has been prepared by 
Harries (Ber. 48, ^8) by ozonising eugenol* its odour is not so marked as that of 
vanillin. Ring-methylated vanillins have been obtained from the three cresols 
by Reimer’s reaction [Koeischet, Helv. 13, 474). Homoveratraldehyde, (CH»0)2- 
C 6 HjCH 2 CHO, b.p. 121® (0.35 mm.) is obtained by ozonising eugenol methyl 
ether (Harries, Ber. 49, 1029). 

Piperonal, heliotropin, (CH 2 )Ot:C 6 H»CHO, m.p. 37®, b.p. 263®, has been ob¬ 
tained by oxidising piperic acid (p. 481), and by treating protocatechu-aldehyde 
with alkali and methylene iodide. It is manufactured commercially from safrol 
(p. 452) by a process similar to that by which vanillin is obtained from eugenol 
(see above). It has a very pleasant odour of heliotrope. It gives piperonic acid 
(p. 366) on oxidation, and piperonyl alcohol (p. 338) on reduction. When 
heated with dilute mineral acids to about 190® under pressure, it breaks down into 
protocatechu-aldehyde and formaldehyde, or methyl alcohol (Ger. Pat. 162,822). 
Oxime, m.p. 110®; phenylhydrazmm, m.p. 100®; diacetate, m.p. 89-91® (Ger. 
Pat. 295,337). Phos^)horus pentachloride in the cold converts it into piperonal 
dichloride, (CH2)02: CeHsCHCh, m.p. 69°, and on heating into dichloro-piperonal 
dichloride, (CCl2)02:C«H3CHCl2, m.p, 15^, b.p. 153° (9 mm.). When the latter 
is acted upon by cold water it gives the carbonate of protocatechu-aldehyde di¬ 
chloride, (C0)02:C6H3CHCl2, m.p. 97°, b.p. 178° (15 mm.), which is also ob¬ 
tained from piperonal itself by the action of thionyl chloride at 220°, or by heating 
with sulphur chloride. Anhydrous oxalic acid, formic acid, etc., convert it into 
protocatechu-aldehyde carbonate (p. 347). When acted upon by hot water it 
gives protocatechu-aldehyde. When reduced with zinc dust and glacial acetic 
acid, hornopyrocatechu-carhonate, (CO)02:C«HsCH2, is formed (Ber. 42, 417). 
Diazomethane gives acetopiperone (p. 352), and piperonyl^cetone (p. 353) 
(Mosettig, Ber. 61, 1391): diazoethane reacts similarly (Mosettig, Mo. 57, 291). 
Bromo-piperonal, (CH2)02:CtH2Br*CH0 (Oelker, Ber. 24, 2592). o-Nitro- 
piperonal, m.p. 98.5® (Ekeley, Am. 50, 2711), gives bis-methylenedioxy-indigo 
{lAeherrmnn, Haber, Ber. 23, 1566). 6-Aminopi^ronal, m.p. 107°, obtained by 
reducing nitropiperonal with temporary protection of the CHO-group, has been 
used for preparing 6-halogeno-piperonals by diazotisation and subsequent 
treatment by the Sandmeyer reaction (Rillietj Helv. 4, 588). Homopiperonal, 
(CH2)02:C6H8CH2CH0, m.p. 69®, b.p. 144° (10 mm.), is obtained by ozonisa- 
tion of safrol. It may also be obtained by oxidising safrol with potassiiun per¬ 
manganate, when safrol-glycol is formed, and treating the latter with lead tetra¬ 
acetate (Semrrder, Ber. 41, 2751). Its oxime, m.p. 120®, is obtained by reducing 
piperonylidene-nitromethane with aluminium amalgam (BouvauU, C.r. 135, 41), 
or by ozonising safrol, reducing the product catalytically, making the bisulphite 
compound, and acting on it with hydroxylamine hydrochloride (Hahn, Ber. 67, 
1486). 

For nitro-protocatechu-aldehyde, halogeno-vanillins nitro-vanillin, amino- 
vanillin, and their derivatives, see Haydvck, Ber. 36, ^30; Raiford, Am. 52, 
4676). 

The following aldehydes are obtained by exactly similar reactions as those by 
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which protocatechu-aldei^de is obtained from pyrocatechol: /J'Resorcylalde* 
hyde, (HO)t[2,41C,H,[l]CHO, m.p. 135**, from resorcinol, chlorofor^n and alkali, 
or better with hydrocyanic acid and hydrogen chloride (Gattermann, Ber. 32* 
279) of diphenyl-formamidine (Skoesmith, J. 123, 2704). It can also be obtained 
from the corresponding dihydroxy-benzoyl chloride, the OH-groups being tem¬ 
porarily protect^ (Mavihner, J. pr. 101, 93); cf. umbelliferone, p. 477, Orcyl- 
mdehyde, (HO)j[2.4]C*H2[6,l] (CHs)CHO, m.p. 180®, is made from orcinol, and 
gentisicaldehyde, (HO)s[2,6]C6Ha[llCHO, m.p. 99®, from hydroquinone by the 
action of chloroform and alkali. In dilute solution, dihydroxy-dialdehydes are 
formed if excess of chloroform and alkali is used. p-Orcyl-aldehyde, alranol, 
(HO)2[2,6JCeH2[4](CH8)[l]CHO, m.p. 124®, is a degradation product of vari¬ 
ous lichen acids (Pfau, Helv. 9, 650; Schoepf, Ann. 491, 220). The monomethyl 
ethers of resorcinol and hydroquinone, like guaiacol, always give two aldehydes 
when treated with chloroform and caustic potash. One resembles salicylaldehyde, 
and has the aldehyde-group ortho to the phenol hydroxyl, and the other has the 
.aldehyde-group para to the hydroxyl {Tiemann, Ber. 14, 204). Thus, resorcinol 
monomethyl ether gives rise to 2-hydroJ7-memoxy-benzaldehyde m.p. 41-42® 
(found in the root of Chlorocodon Wightii) (Friedmider, Mo. 30. 879), and 4- 
hydroxy-methosy-benzaldehyde, m.p. 153®, oy method 4 (p. 343). These sub¬ 
stances can be separated by steam distillation, the former being volatile in steam. 
Gentisicaldehyde has also been obtained by oxidising salicylaldehyde or m- 
hydroxy-benzaldehyde in alkaline solution with potassium persulphate (Neu- 
bauer. Z. physiol. Chem. 52, 355; Hodgson^ J. 1927. 2339). The anil of re- 
sorcyfaldehyde, C8Hj(2,4] (OH) 2 CH:NCm 6 , m.p. 126®, is also obtained by the 
action of formanilide and phosphorus oxychloride on resorcinol, and the oxime. 
CeH 8 (OH) 2 CH:NOH, by tne action of mercury fulminate and nydrochloric acid 
on resorcinol. 


(c) tri- and tetra-Hydroxy-benzaldehydes 

Pyrogallol, phloroglucinol, and hydroxy-hydroquinone are converted into their 
corresponding aldehydes by the action of Iwdrocyanic acid and hydrogen chlo¬ 
ride. l^ogiulaldehyde, (HO)8[2j3,4]C^2C;HO,m.p. 161®. Its trimethyl ether, 
m.p. 37®, D.p. 170^ (12 mm.), is obtained by catalytic reduction of the cor¬ 
responding acid chloride (Slotta, Ber. 63, 3029), and from pyrogallol-trimethyl 
ether by method 3 (Schaaf, Helv. 7, 357). 3,4,5-Pyrogallaldehyde, gallaldehyde. 
m.p. 212® (decomp.). Its 3-monomethyl ether, m.p. 133®, has been obtained 
from bromo-vanillin and alkali {Bradley^ J. 1930, 793). Its 3,4-dimethyl ether, 
iridicaldehyde, m.p. 60-61® {Maxithner^ Ann. 449, 102)^ and its trimethyl ether, 
m.p. 74®, have also been obtained from the corresponding acid chlorides (Slotta, 
J. TO. 133, 129). 5-Methozy-3,4-methylene-diozy-benzaldehyde, myristicin 
aldehydef m.p. 130®, is prepared from isomyristicin (p. 454) by oxidation with 
permanganate, or from gallaIdehyde-3-methyl ether by the action of methylene 
sulphate and alkali (Balzer. J. 1932, 1281). Phloroglucin-aldehyde, (HO) 3 *’ 
[2,4,6] C«H 2 • CHO, melts witn decomposition. Hydroxy-hydroquinone-aidehyde, 
(H0)8[2,4,5]C 6 H 2 -CHO, m.p. 223® (Gattermann, Ber. 32. 278). Some oximes 
and anils of these aldehydes have been prepared synthetically by methods 4 x 1 and 
4b (i>. 343). Certain aromatic compounds with unsaturated aliphatic side chains 
obtained from vegetable sources give alkyl- and methyl-ethers of'tetrahydroxy- 
benzaldehydes on oxidation (Will, Ber. 16, 2112; 17, 1086; Semmler. Ber. 24, 
3818; 41, 1918). Thus, glycosyring-aldehyde, an oxidation product of syringin, 
gives 4-hydro^-3,5-dimethoxy-benzaidehyde^ syringaldehyde,^ m.p. 113®, with 
emulsin. This compoimd has been synthesised from 1,3-pyrogallol-dimcthyl 
ether (Pavly, Ber. 62,2277), and from acetyl-syringic acid by method 3e (p. 264) 
(McCord, Am. S3,4181). 2,4,5-Trimethoxy-benzaIdehyde, asaryUaldehyde, m .p. 
114®, is obtained from asarone, propenyi-trimethoxy-benzene, by oxidation, and 
from hydroxyhydroquinone methyl etner by the action of hydrocyanic acid, 
hydrogen chloride, and aluminium chloride (Fahinyi, Ber. 39,1211; Gaitermann, 
Ber. 32. 289). When one drop of sulphuric acid is added to a solution of asaryl- 
aldehyde in acetic acid, the metho?^ groups in the 2,5-positions are displaced, 
and a quinone, CH.6l4](0:)[6]C.H,[2r(:0)CH(0C0CH,), m.p, 146“, is 
formed. 2,3,4,5-Tetrahy^oiy-beiizaldehyde, indefinite m.p.; 2,5-dimethozy- 
3,4-inefhyiene-diojy-benzaldehyde, apm-alaehyde, m.p. 102®, is obtain^ 
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from parsley isoapiole, and 6,6-dimetfio^*3,4-methTlene->diozy-benzaldehyde» 
dill^apiole^aldehyae, m.p. 75^ from dill isoapiole (Thoma. Ar. Pharm. [2], 42, 
344; Fabinyi, Ber. SO, 1335) • 

3. Phenol Monoketones 

Phenol-ketones have been obtained: (la) from amino-ketones; (Ib) from 
halogeno-ketones by hydrolysis under pressure in the presencje of cuprous oxide 
(U. S. Pat. 1,961,630); (;^) from aromatic /3-keto-carboxylic acids (Tahara, 
Ber. 25, 1308): (3) by decomposing C-alkylated benzo-tetronic acids with con¬ 
centrated alkalies (Anschuiz, Ann. 379, 333); (4) from the dibromides of pro- 
penyl-phenols or their ethers (a) by converting them into bromohydrins and 
ethylene oxides, and bringing about a rearrangement of the latter either by means 
of acids, or by heating them alone (Horing, Ber. 38, 3464): 

CHBr-CHBrCH, h,o CH(OH)*CHBrCH, koh 

ioLOCH, ^ (!:,h«och, 


(JjHobHCH, 

ioiiOCH, 


CHjCOCH, 

(!:,H 40 CH, 


(6) by converting them into ethyl-bromohydrins and a-ethoxy-propenyl phenols, 
followed by hydrolysis of the latter: 


CIIBr CHBrCH, c,H.ONa CH(OC 2 H 5 )*CHBr.CH, c.H.ONa 

ijLOCH, ^ 


C(OC,H,):CHCH, COCH.CH, 

(!!,H«0CH, (l!,H«OCH, 


Nuclear-synthetic methods are known for the introduction of acid residues into 
phenols and phenol-alkyl ethers: (5) phenols may be condensed with acetic and 
other fatty acids by means of zinc chloride, stannic chloride, or better phosphorus 
oxychloride (Nencki, Ber. 14, 1566; Gler. Pat. 49,149); (6) phenols are acted 
upon by acid chlorides, preferably in the presence oi zinc chloride (Perkin, J. 55, 
546; Eijkman, Weekbl. 1. 453); (7) phenol-alkyl ethers, or phenols themselves, 
are acted upon by acid chlorides in the presence of aluminum chloride or stannic 
chloride (Auwers, Ber. 36, 3890; Stadnikov, Ber. 61, 1996; Ger. Pat. 15,901), 
preferably dissolved in nitrobenzene (Rosenmund, Ar. Pharm. 265, 308). This 
method has been used for the preparation of thiophenol-monoketones from thio- 
phenol ethers (Ger, Pat, 203,083). (8) Phenols react with aliphatic nitriles in 
ether solution under the influence of zinc chloride and hydrogen chloride (Hoeach, 
Ber. 48, 1122; Karrer^ Helv. 2, 466). (9) Aliphatic esters of (poly)-phenols 

rearrange when heated with aluminium chloride in nitrobenzene (Rosenmund, 
Ber. 61, 2601), or zinc chloride (Rosenmund, Ann. 460, 56; Couihard, J. 1830, 
280), or ferric chloride (Huber, Mo. 56, 332), the acyl group changing from the 
hydroxy group over to the ring, in mast cases entering the o-position to the hy¬ 
droxyl (Fries, Ber. 41, 4271; Wittig, Ber. 57, 88). This “Fries'' migration is 
regarded as a special case of the Frieael-Crafts reaction (Auwers, Ann. 460. 240; 
464, 293). (10) Some alkoxy-phenyl ketones have been obtained from alkoxy- 
phenyl-carboxylic esters bv condensation with sodium and ethyl acetate, followed 
by ketonic hydrolysis of the alkoxy-benzoyl-acetic esters first formed (MaiUhner. 
J. pr. 112, 57), and (11) some alkoxy-phenyl methyl ketones have been obtainea 
similarly from alkoxy-benzaldehydes and diazomethane (Mosettig, Ber. 61^ 1391). 

The 0 - and p-hydroxyphenyl-aUcyl ketones are separated by steam distillation, 
the former being volatile in steam, like the o-hvdroxy-aldehydes (p, 345). When 
reduced with amalgamated zinc and hydrochloric acid (Clemmensen's method) 
the hydrojy ketones are converted into alkyl-phenols. The o-hydroxy ketones 
with a free hydroxyl-group, like the o-hydroxy-aldehydes, form two series of salts. 
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normal colourless phenates, CH|C 0 C 6 H 40 M, and coloured quinoid salts, 

0:CiH4:(0M)CHj. 

o-Hydroiy-acetophenone, m.p. 28®, b.p. 263°. occurs in oil from the wood and 
bark of Chione glabra (Dumtan, J. 75. 66), ana has been prepared by methods 

3. and 5 (FreudenberOf Ber. 55, 1748). p-Hydro^-acetophenone, viceol, m.p. 
109°, has been obtained from the glucoside picein^ by hydrolysis, and by methods 
If S, 6y and 9,' For homologues, see HilL Am. 37, 1^9. p-Ace^l-anisole, p- 
niethoxyacetophenone, m.p. 39°, b.p. 263has a smell of hawthorn; it is ob¬ 
tained by method 7. Propionyl-phenol, H0CeH4C0C2Hj, m.p. 148°. is obtained 
by method 6. For hutyryl, valeryU, and the higher acyUphenoh of the o- and p- 
series, see Huber, Mo. 56, 322; Sandulesco, Bull. 47, 1300. 

1,3,4-Aceto-pyrocatechol, (HO)2[3,4]CeHa[llCOOH, m.p. 116° {Dzierzgowski 
Ber. 27, 1989). 1,2,3-Aceto-pyrocatechol, m.p. 97-98°, occurs in coffee oil 
(SchimmeFs Ber. 1929, 52). Aceto-guaiacol, acelvardllone, apocyrdn, HO[4]- 
(CH30)[3]C®H3[ IjCOCHt. m.p. 115-116°, occurs as a glucoside, which is the 
chief constituent of Canadian hemp (Apocynum cannahinum), and other Apo- 
cyana. It is an oxidation product of aceto-eugeuol, and has been obtained syn¬ 
thetically: from guaiacol by methods 7 and 9, from the corresponding carbinol 
(p. 338), and from benzoyl-vanillin by condensation with methyl magnesium 
icxlide, followed by oxidation, and removal of the benzoyl group (Tiema^m, Ber. 
24, 2885; Otto, Ber. 24, 2869; Finnemore, J. 93, 1513, 1520). It is a cardiac 
stimulant and a diuretic (Howells, Am. 52, 4076). Aceto^isovanUlones, m.p. 
67-68°, and 91° have been describea by Schneider, Ber. 55, 1892, and Eeichstein, 
Helv. 10, 392. 1,3,4-Aceto-veratrone, (CH80)2C*H3[l]COCH3, m.p. 48° 
(J>zierzgowBki, Ber. 27, 1989). 1,2,3-Aceto-veratrone, (CH 30 ) 2 l 2 , 3 JC 6 H 8 [ 1]- 
COCH 2 , b.p, 143-144° (14 mm.), is prepared from o-veratrol-o-carboxylic ester 
by method 10 (Mauthner, J. pr. 112, 57). Aceto-piperone, (CH202)[3,4]C«H3- 
[IJCOCHs, m.p. 87-88.5°, is obtained from protocotoin by oxidation with per¬ 
manganate (Ciamteian, Ber, 24 , 2989 ; 25, 1127; 26, 2348), or by method W 
(Mauthner, J. pr. 116. 321), or 1/ (Mosetlig, Her. 61, 1391). 

Resacetophenone, ( 110 ) 212 , 4 ]C 4 H 31 IJCOCHs, m.p. 142°. is formed by methods 
0 and 6 and from i3-methyl-umbelliferone by fusion with potash (Pechmann, 
Ber. 16, 2123). For its derivatives stn.- Dahse, Ber. 41, 1619. Its p-rncthyl ether, 
paeonol, CH 30 [ 4 ](H 0 ) [{^ICeHaC^OCIL, m.p. 52°. occurs as a glucoside (the 
m.p. of the synthetically prepared glucoside is 118*^) in the root bark of Paeoum 
Mautan, a Japanese ranunculacea (Tahara, Ber. 25, 1292). It has been syn¬ 
thesised from resorcinol and acetyl chloride, with subsequent methylation. An 
isomeric resacetophenone, m.p. 178°, is obtained when resorcinol diethyl ether is 
acetylated in the presence of aluminium chloride, 1 , 2 , ^-resacetophenone diethyl 
ether, m.p. 69°, being formed at the same time (Claus, J. pr. 53, 39). For halo- 
geno-denvatives of resacetophenone, see Segalle, Mo. 17, 314; for paeonol 
derivatives, see Shinoda. Pharm. Japan, 52, 91 . The dimetiiyl ether, m.p. 73°, 
of 2,6-dihydroxy-acetopiienone, m.p. 157°, is obtained from dimethoxy-benzo- 
nitrilc by the action of methyl magnesium iodide, and gives 3,5-dihydroxy- 
acetophenone, m.p. 147-148°, with aluminium chloride (Mauthner, J. pr. 107, 
103; 139, 290). Other ketones derived from resorcinol have been prepared by 
Karrer (Helv. 4, 707). 

Orcacetophenone-dimethyl ether, CH3[4]C6H2[^6](OCH3)2[l]COCH3, m.p. 
89°, and tso-orcacetophenone-dimethyl ether, CHa[6]C4H2f2.4](OCH4)2[ll- 
COHa, m.p. 48°, are obtained from orcinol-dimethyl ether by method 7 (Tamhor, 
Ber. 41, 793). 

Qu^acetophenone, (HO)2[2,5]C*H3(l)COCH3, m.p. 202°, is obtained by 
method 5, and by exposing a mixture of quinone and acetaldehyde to sunlight 
(p. 235). Valero-hydroquinone, (HO)2[2,5]CeH*COC4Hf, m.p. 115°; its quin- 
hydrone (p. 237) is formed^when quinone and valeraldehyde are exposed to sun¬ 
light (Klinger, Ber. 24, 1344). For other dimethuxy-phenyl alkyl ketones, see 
Majima, Ber. 55, 215. 

o-Gallacetophenone. (HO)8l2,3,4]CeH2[l]COCH3. m.p. 168°, is obtained by 
method 5. Its 3,4-dimethvl emer, m.p. 83°, is obtained from pyrogallol-tri- 
methyl ether, acetyl chloride and aluminium chloride. (Nencki, Ber. 27, 2737; 
Fischer, Ber. 42, 1016; Barcellini, Gazz. 4(VL 249). 3,4,5-Trihydroay-aceto- 
phenone, p-g(dlacetophirwne (HO)»(3,4,5]C6H2COCH8, m.p. 184-185°, has been 
prepared from its trimethyl ether; and its 3,5-dimethyl ether, acetosyringone. 
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m.p. 122-123®, has been obtained from acetyl-pyrogallol-1,3-dimethyl ether by 
method 9 {Mauthner. J. pr. 115,137; 121,255). 2,4,6-TrihydroJ7-acetopheiione, 
phforacetophenone, (HO)8[2,4,6]C«H2COCH8, m.p. 218® (anhydrous), is ob¬ 
tained by the partial hydrolysis of triacetophloroglucinol {Heller^ Ber. 45, 423); 
its 2,4-dimetliyl etiier, m.p. 82-83®, occurs in various essential oils of the Xan- 
thoxylum species. For its synthesis, see Friedldnder^ Ber. 30, 2152. For other 
phloracetophenone ethers, see Sonn, Ber. 58, 1691; 61, 2300; and for other hy¬ 
droxy ketones derived from phloroglucinol see Karrer, Helv. 2, 466; 3, 395; 
4, 707; and Br. Pat. 157,854. 

2,4,5-Trihydroxy-acetophenone, (HO)«[2,4,51C6H2COCH8, has been obtained 
in reddish-brown needles, m.p. 206®, by Chcuiha (J. 1933, 1073), by the action 
of zinc chloride and acetic acid, or acetonitrile on hydroxy-hydroquinone, and 
from hydroxy-hydroquinone triacetate by the action of aluminium chloride and 
nitrobenzene. It has also been obtainea by the action of ferrous sulphate and 
potassium persulphate on resacetophenone {BargeXlini^ Gazz. 43, I, 164; Lincci 
20, I, 32; c/. Mauthrter^ J. pr. 136, 204). 2,4,5-Trimethoxy-propiophenone, 
m.p. 106-108®. 

Butyryl-methyl-phloroglucinol monomethyl ether, aspidinol CaHrCOIlJCHs- 
[3]C<S[[2,6I(OH)2[4lOCH|, m.p. 143®, see Vol. II, p. 400. 2,3,4 6-Tetra- 
methoxy-acetophenone, m.p. 43-45®, is obtained from 1,2,3,5-tetramethoxyben¬ 
zene by method 7 (Bargellini, Lincei, 19, II, 595). 

p-Methoxy-phenylacetone, anise-ketonef CH20[4]C8H4CH2C0CHi, b.p. 263®, 
occurs in anise, and possibly in fennel oil (C. 1902, II, 1256), and is formed by a 
rearrangement of anethole oxide when heated (Mannick, Ber. 43, 189). Piper- 
onyl-acetone, CH202[3,4]CJisCH2C0CH|. m.p. 55® (Kaufmann. Ber. 49, 675). 
5-3,4-methylene-dioxyphenyl-butyl-methyi ketone, (CH 2 O 2 )C 6 H 8 CH 2 CH 2 CH 2 - 
CH 2 COCH 8 , m.p. 28®, has been prepared by hydrogenating piperonylidene- 
acctoiie (p. 461) (Borsche, Ber. 60, 984). /3-(o-Hydroxyphenyl-)ethyl-ethyl 
ketone, HO[2]C6H4CH2CH2COCH2CHs, m.p. 72®, is obtain^ by the reduction 
of o-hydroxystyryl-ethyl ketone (Murai, Tohoku Rep. 17. 695). 

4-Hydroxy-3-methojy-benzylacetone, zingerone, HC)[ 4 ]( 5 H 30 ( 3 ]C 6 H 3 CHf- 
OH 2 COCH,, m.p. 41®, is, like shogdol, a degradation product of zingerol from 
ginger root; it has a burning taste. It has been synthesised by condensing 
vanillin with acetone, and reducing the resulting unsaturated ketone with .sodium 
amalgam, or condensing with acetoacetic ester, reducing the produc^ and hy¬ 
drolysing the resulting unsaturated ester, followed by ketolysis (Vol. II, p. 393). 
Zingerone-methyl ether, m.p. 55-56® is prepared from zin^erone^ or synthetically 
from veratraldehyde by a similar method to the synthesis of zingerone. When 
isovanillin is usea in place of vanillin in the above synthesis, isozingerone, b.p. 
159-160® (4 mm.) is obtained (Nomura^ Lapworth, J. Ill, 769, 777, 790; 
Murat, Tohoku Rep. 14, 145,149). Homologues of zingerone have been prepared 
by Pearson, Pharm. J. 49, 78, Murai, loc. cit., and Nomura, Tohoku Rep. 16, 
589. 

o-Acetyl-thiophenol, HS[2]C6H4[11C0CH8, b.p. about 124-126® obtained 
from o-amino-acetophenone through the diazo-compound, gives lhio-4ndigo, 
together with the corresponding dithio-compound (Ger. Pat. 198,509). 


4. Phenol Monocarbozylic Acids 

Aromatic carboxylic acids which have a hydroxyl-group attached 
to the ring behave like phenols, as well as carboxylic acids, and are 
called phenolic carboxylic acids. On the other hand, those which 
have a hydroxyl group in the side-chain, behave like alcohols and 
carboxylic acids, and are aromatic alcoholic acids. They are very 
similar in their reactions to the aliphatic hydroxy-acids. 

Methods of formation of phenolrcarbozylic acids 

A. From derivatives of carboxylic acids: (1) Amino-acids are 
converted into diazo-acids by the action of nitrous acid, and these are 
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boiled in aqueous solution; (SS) sulpho-benzoic and halogeno-benzoic 
acids are fused with alkalis; (S) ammonium salts of acids of the 
benzoic series are oxidised with hydrogen peroxide, giving rise to o-, 
m-, and p-hydroxybenzoic acids together (Dafcin, J. Biol. Ch. 3, 419). 

B. From compounds already containing a phenolic hydroxyl 
group: (4) When the homologues of phenol are fused with alkali, 
the methyl-groups attached to the ring are oxidised to carboxyl 
groups; (6) sulphates and phosphates of the homologues of phenol 
are oxidised, and the resulting phenol-carboxylic esters are hydro¬ 
lysed; (6) phenol-aldehydes, which are rather resistant to oxidation, 
are fused with alkalis; (7) phenol-aldoximes are converted into 
hydroxy-nitriles and these are hydrolysed. 

C. Nuclear syntheses. — (8) Carbon dioxide is passed through dry 
alkali phenates at a high temperature; o-derivatives are formed as a 
rule. This reaction will be dealt with in greater detail in connection 
with salicylic acid. (9) Phenols are boiled with carbon tetrachloride 
and alcoholic potash (Hasse, Ber. 10,2185), preferably in the presence 
of copper, or copper compounds (Ger. Pat. 258,887): 

C.HbOH + ecu 4- 5KOH - C6H4(OH)COOK 4- 4KC1 4- 3H,0. 


In most cases the carboxyl group enters the p-position relative to the hydroxyl 
group, but a certain amount of o-hydroxy-acid is also formed. This reaction is 
analogous to the synthesis of hydroxy-aldehydes from phenols, chloroform, and 
aqueous alkali, and there is a fuHher analogy in the fact that caroon tetrachloride, 
in the presence of aluminium chloride, convey p-alkyl-phenols into keto-dihy- 

drobenzene derivatives (Vol. II, p. 118), %=0 from which the 


phenols can be re-formed by reduction (Zincke, Ber. 41, 897). 

(10) The amides, anilides, and thio-aniliaes of alkoxy-carboxylic acids are 
formed by the interaction of urea chloride, phenyl isocyanate, or phenyl mustard 
oil and phenol ethers (or thiophenol ethers) in carbon disulphide solution, in 
presence of aluminium chloride (c/. p. 289) (Gattermann, Ann. 244, 41; Auwera, 
Ber. 27, 1733). 

Reactions. The phenol-monocarboxylic acids arc monobasic, only the car¬ 
boxylic hydrogen being replaced on neutralisation with alkaline carbonates. 
With caustic alkalis, phenate salts are formed, sometimes referred to as basic- 
salts, e. g.. Na0*C6H4C02*Na. When these are acted upon by carbon dioxide, 
the neutral salts are re-formed. The dialkyl-derivatives behave similarly; only 
the a^yl-^oup attached to the carboxyl group is removed by the action of alkali, 
and an alkyl-ether-carboxylic salt is formed: 


XOOCH, yCOOK 

CtH4< 4- KOH « C«H4< -f CHaOH. 

^OCH, \OCH3 


Hydroxy-carboxylic acids, particularly the di- and tri-hydroxy-acids, in the 
form of their carbomethoxy-compounds of chlorides, readily form polymolecular 
chains, of which the components are the anhydrides of the acids, by loss of W4ter 
or hyorogen chloride. These compounds are called depsidea^ and resemble the 
tannins (Vol. II, p. 380). Some acylated phenol-carboxylic acids undergo partial 
rearrangement when partially hydrolysed, the acyl group migrating from the p- 
to the m-position (Fischer, Ber. 51, 45). When the azides (p. 3^) of the hy¬ 
droxy-acids are heated, isocyanates, HO*Ar*N:CO, are form^, which rearrange 
to het^cyclic compounds. Thus, salicylic azide gives benzoxazolone, 

C«H 4 ^^^C( 0 H), and o-hydroxyphenyl-acetio and similar azides, give deriva¬ 
tives of m 4 )ensoxaMtne ( Lindemann , Ann* 451, 241; 464, 237}* 
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o-Monohydroxy'Carboxylic acids differ from the m* and p-compounds in being 
volatile in steam. Their aqueous solutions give a violet-blue colour with ferric 
chloride, and they dissolve in chloroform. The w-hydroxy-acids are distinguished 
by the Lindemann reaction with hot concentrated sulphuric acid; a reddish- 
brown colour is produced owing to the formation of hydroxy-anthraquinone 
(Lindemann^ Ber. 18, 2142). They are more stable than the o- and p-acids. 
The latter break down into phenol and carbon dioxide simply on heating with 
concentrated hydrochloric acid. For the reactions of ethers and esters of these 
hydroxy-acids with hot water under pressure, see Schongyn, Ber. 64, 274. All 
hydroxy-benzoic acids are decomposed into carbon dioxide and phenols on heat¬ 
ing with lime. 

(A) Monohydroxy-monocarboxylic Acids 

Salicylic acid, o-hydroxy-benzoic acid, is the most important 
member of this group. It is largely used in the dyestuff industry, 
and in medicine. 

MONOHYDROXY-BENZOIC ACIDS. The three isomers re¬ 
quired by theory are known. 

Salicylic acid, o-hydroxy-benzoic acid, HO[ 2 ]C 6 H 4 (l)COOH, m.p. 
155®, occurs in the free state in the flowers of Spiraea ulmaria, and in 
the form of its methyl ester in oil of wintergreen, the essential oil of the 
Ericacea, Gaultheria procumbens, and in many other essential oils. 
It is obtained by the general methods for the formation of phenol- 
carboxylic acids: (1) from anthranilic acid; (2) from o-sulpho, o- 
chloro-, and o-bromobenzoic acids (Rosenmund, Ber. S3, 2226); (S) 
from o-cresol; (4) from saligenin, or salicylaldehyde; (d) from 
phenates by the action of carbon dioxide, or (6) cafbon tetrachloride. 
It is also formed when coumarin, or indigo are fused with potash, and 
when copper benzoate is distilled. 

Indicstrial processes, —Two methods are in use, both based on the combination 
of sodium phenate with carbon dioxide to form salicylic acid, (a) Dry sodium 
phenate is heated at 180-200° in a current of carbon dioxide. Half the phenol 
distils over, and the other half is converted into disodium salicylate: 

/COONa 

2C«H60Na 4- CO, = CsH/ + CeH^OH. 

^ONa 

This is Kolhe's process. The mechanism of the process has been studied in detail 
by Austin and Johnson (Am. 54, 652- 55, 3031). Potassium phenate behaves 
differently from the sodium compound. At 150°, dipotassium salicylate and a 
certain amount of dipotassium-p-hydroxybenzoate is formed; with rising tem¬ 
perature the percentage of the p-salt increases, and at 220° it is the only product.- 

When the primary alkali sahcylates are heated they behave as follows: mono¬ 
sodium salicylate at 220° gives disodium salicylate, phenol and carbon dioxide: 

/COONa /COONa 

2CeH4< « CellZ + C«ILOH + CO,. 

\OH \ONa 

Monopotassium salicylate at 220° gives dipotassium-p-hydroxybenzoate, phenol, 
and carbon dioxide. At 280° monosodium p-hydroxybenzoate gives disodium 
salicylate, phenol, and carbon dioxide (Kupferberg^ J. pr. 16, 425). o- and p- 
Hydroxy-benzoic acids can be separated by moans of acetylene diohloride, CjH,- 
CI, (Mann, Chem. Ztg. 56, 452). 

(6) The second process, invented by Schmidt (Ger. Pats. 29,939 and 38,742), 
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involves the use of pressure. In an autoclave, carbon dioxide and sodium phe- 
nate form sodium phenol-carbonate, PhO^COON^ which, at 120®, partly dis¬ 
sociates into carbon dioxide and sodium phenate. Those combine to give sodio- 
phenol-o-carboxylic acid, NaO [ 2 ] C*H 4 [ 1 ] CHO. The two steps of this process are 
contracted into one if carbon dioxide acts on sodium phenate at 120-140® under 
pressure. By this method, all the phenol used is converted into the acid. The 
imperfect conversion in Kolbe*s process seems to be due to a secondary reaction 
which takes place at the high temperature used. Sodio-phenol-o-carboy^lic acid 
and sodium phenate react to give disodium salicylate and free phenol (Tijmsira, 
Ber. 38, 1375; 39, 14; Sluiler, Ber. 45, 59; Brunner^ Ann. 351, 313). 

History, Piria discovered salicylic acid in 1838, by oxidising salicylaldehyde by 
fusing it with potash (Ann. 30, 165). In 1843 Cahours discovered that oil of 
wintergreen was chiefly made up of methyl salicylate (Ann. 53, 332). In 1853, 
Gerland^ at the suggestion of Hofrnann^ showed that anthranilic acid is converted 
into sahcylic acid by the action of nitrous acid (Ann. 86, 147). The acid was 
first syutnesised from phenol, sodium, and carbon dioxide by Kolhe and Laule^ 
mann m 1860 (Ann. 115, 201). In 1874, Kolbe noticed that it was readily formed 
when carbon dioxide was passed over dry sodium phenate, and this made possible 
its manufacture on a large scale. 

Properties and reactions ,—Salicylic acid crystallises from alcohol in 
colourless prisms, and from hot water in long needles. It has a 
sweet, but also acid taste. It dissolves in 400 parts of water at 15°, 
and in 12 parts at 100°, and is freely soluble in chloroform. When 
heated by itself it is converted into phenyl salicylate, or salol^ and into 
xanthone. It is reduced by sodium and amyl alcohol, firat to cyclo¬ 
hexanone-carboxylic acid, and then the ring opens and n-pimelic acid 
is formed {Einhorn, Willstdtter^ Ber. 27, 331) (p. 32). The aque¬ 
ous solution of the acid gives a violet colour with ferric chloride 
(ManUy Ch. Ztg 56, 452), ‘‘hydroferri-salicylo-chloric acid^' being 
formed, H3{Fe(C6H4[0]C00)Cl,}Cl3, (Claasz, Ar. Pharm. 253, 342, 
360). Salicylic acid is a powerful antiseptic and prevents putrefac¬ 
tion and fermentation, a fact first shown by Kolbe (J. pr. [2], 10, 9). 
It is used in medicine, both in the free state, and in the form of its 
salts, esters, and other compounds, as a specific for rheumatoid 
arthritis. 

Salicylates, —Sodium salicylate, HO-CeHiCOONa, is a crystalline powder, 
with an unpleasant, sweetish taste. The basic calcium salt, (0CeH4C02)Ca -j- 
H 2 O, is very difficultly soluble in water, and separates out when salicylic acid is 
boiled with lime w'ater. It is used for separating salicylic acid from m- and p- 
hydroxy-benzoic acids. 

Esters, ethers, and ether-esters. Methyl salicylate, H0-CeH4C02CH,, m.p. 
— 1®, b.p. 224®, do 1.197, is the chief constituent of oil of wintergreen, the essen¬ 
tial oil of Gaultheria procumbem, and occurs in several other plants (Stihimmel's 
Ber. 29, II 511), sometimes free, and sometimes in the form of a glucoside. 
(Bourgelot, C.r. 122, 1002). Methyl O-methyl salicylate, CH 50 -Cja 4 C 02 CH 8 , 
b.p. 245®, is obtained by the action of methyl iodide and alcoholic potash on 
methyl salicylate, or by the action of dimethyl sulphate on sodium salicylate 
(.Sachs, Ber. 40, 2hri8). When hydrogenated under high pressure it mves phenol 
if no solvent is present, and eyctohexanol, in almost quantitative yield, in methyl 
alcohol solution. O-Methyl-salicylic acid, CHsO * C«H 4 COOH, m .p. 100-101 ®, is 
formed when the methyl ester of this acid is boiled with potash, or by oxidising 0 - 
anethole with potassium permanganate (Cfaisen, Ann. 418,69). It decomposes at 
200® into anisole and carbon dioxide (p. 193). Its chloride, CH,0[2]CeH4C0Cl, 
bj>. 145® (17 mm.), is obtained from the add by the action of thionyl chloride 
{Fischer, C, 1902, II, 216). Nitrile, m.p. 5®, b.p. 263®. For the preparation of 
5-suipho-salicylic acid from salicylic acid and dimethyl sulphate, see Simon, 
C.r. 177, 533. 

ftienyl salicylate, sahl, HO*CfH 4 COOC 6 H», m.p. 43®, b.p. 172® (12 mm.) 
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can be prepared; by heating salicylic acid by itself at 200-220®, when water and 
carbon dioxide are liberated and salol formed; it can also be obtained by the ac- 
tion of phenol and phosphorus oxychloride on salicylic acid, from polysalicylide 
by heating with phenol, and by the action of carbonyl chloride on sodium sali¬ 
cylate and sodium phenate. It is used as an antiseptic. When heated it is con¬ 
verted into diphenvlene-ketoxide, or zanthone. p-Acetamino-phenyl salicylate, 
salophen^ m.p. 187®, has been prepared by Brewster (Am. 40, 1136) by reduction 
and acetylation of p-nitrophenyl salicylate. Sodio-salol, Na0CJB[4C02C«Hj, 
when heated to 280-300® gives the sodium salt of O-phenyl-salicylic acid, 
phenoxybenzoic add, C6H60-C«H4COOH, m.p. 113®, a suostance which is also 
obtained by heatii^ o-chlorobenzoic acid with alkali phenates in the presence of 
copper (UllmanUf Ber. 38, 2111). The solution of thi.s acid gives no colour with 
ferric chloride, raenyl phenyl-salicylate CeHsO (2 j C6H4 [ 1 ] COOC^Hb , m .p. 100 ®, 
is formed when phenyl carbonate, (C^Hii-OjCCX is heated with sodium carbon¬ 
ate, phenol and carbon dioxide being driven off (rosjje, C.r. 136,1074). 

Acetyl-s^cylic acid, CHjC0*0«C5H4C00H, m.p. 135®, but the m.p. is not 
sharp. It is widely usm as an analgesic under the name of aspirin and other pro¬ 
prietary names. The melting point seems to depend on the solvent from which it 
is crystallised, and on traces of moisture, which bring about slight hydrolysis 
{Capellif Giorn. Chimia appl. 2, 379). It forms an addition product with urea, 
m.p. 88-90®, called diafor (Ger. Pat. 274,046). Its anhydride, m.p. 85®, is ob¬ 
tained by the action of thionyl chloride or carbonyl chloride on the acid dissolved 
in pyridine (Ger. Pat. 201^325). In absence of pyridine, acetyl-salicylic chloride, 
m.p. 43®, is formed. This combines with methyl salicylate in pyridine to form 
methyl acetyl-salicylo-salicylate, forming crystals, m.p. 82-84®. which have an 
aromatic odour (Lewicka, G. 1928, I, 190). Esters of acetyl-salicylic acid have 
been prepared by adding alcohols slowly to a cooled mixture of the acid and quino¬ 
line (WolffensteiUf Ber. 46, 582). Methyl aster, m.p. 48® (Archetti, Boll. Pharm. 
55, 718). See also Sah, Tsing Hua Rep. 2, 13, When acetyl-salicylic acid is 
heated to 356® in a vacuum, it decomposes into acetic acid and xarUhone (Spektor. 
C. 1934, II, 1685), For the introduction of other acyl groups into the OH-group of 
salicylic acid, see Einhom, Ber. 44, 3309. 

Carbomethoxy-salicylic acid, CH*0C0»0[2]C6H4[11C00H, m.p. 135® (de¬ 
comp,), has been prepared by Fischer (Ber. 42, 218) from salicylic acid, chloro- 
carbonic ester, and dimethylaniline. Salicylo-acetic acid, CeH4(OCH2COOH)- 
COOH, m.p. 190®, is an oxidation product of aIdehydo-phenoxy-acetic acid (p. 
345), and can also be obtained by the action of ethyl chloroacetate on the sodium 
salts of various acyl derivatives of salicylic acid, followed by hydrolysis. The 
esters of this acid condense to ketocumaran-carboxylic esters under the influence 
of sodium (Bischoff, Ber. 33, 1398; Ger. Pat. 110,376). 

Salicylic chloride, salicyloyl chloride, o-hydroxy-benzoyl chloride, m.p. 18®, 
b.n. 59® (1 mm.), is a compound which has been very difficult to prepare. Kopet- 
schni and Karczag succeeded in obtaining it in the pure state by the action of 
thionyl chloride on sodium salicylate (Ber. 47, 235). The best method is to treat 
salicylic acid with thionyl chloride in the presence of traces of aluminium chloride 
(Kirpal, Ber. 63. 3190). It forms colorless needles, which possess a not unpleas¬ 
ant odour, and break down on heating. It has therefore been suggested that 
the compound might be prepared in boiling benzene (Ger. Pats. 123,502 and 
284,161). Phosphorus chlorides, rather surprisingly, give phosphorus deriva¬ 
tives of salicylic acid (see below); chloro-derivatives of salicyloyl chloridas can 
only be formed from the derivatives of salicylic acid in which the phenol group is 
protected by an ortho-effect from the action of phosphorus pentachloride (An- 
schUtz, Ann. 228, 308; 346, 299, 300 ; 454,82, 95). 

o-Cresotic chloride, HO[2]CeHj[31CHt[l]GOCl, m.p. 28®; 3-chloro- and 3- 
nltro-salicyloyl chlorides, m.p. 63®, and 61®; 3,5-<iichloro-, 3,5-(iibromo-, and 3,5- 
diiodo-salicyloyl chlorides, m.p. 79®, 86®, and 98®; 3,6-dinltro-salicyloylchloride, 
m.p. 70®. 

DERIVATIVES OF SALICYLIC ACID CONTAINING PHOSPHORUS. 
For nomenclature, see (8) ® where a general survey is given. The formation and 
reactions of these substances are shown in the following scheme: 

* Numbers in parentheses refer to references quoted at the end of this section, 
p. 358. 
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SOChCAlCU) 
-> 
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► O 2 P O C 4 H 4 COCI [IV] 


im mil [IV] 


PCI. (180®) 


HaO,P • O • CeH. • COOH [ V] 

-» C1-4h4 CC1,. 


m-Phosphorisal chloride, 2-chloroformyl-phenyl metaphosphite, "salicylo- 
phosphorous acid chloride,*' formula / above, m.p. 37®, b.p. 127® (11 mm.), is 
obtained by the action of phosphorus trichloride on salicylic acid (ref. 1 below); 
all the substituted salicylic acids behave similarly (7, 9). For proof of con¬ 
stitution. see (10). 

Phospnosal chloride, 2-chloroformyl-phenyl dichloro-phosphate, 2-chloro- 
formyl-phenyl-phosphoric dichloride, b.p. 168® (11 mm.), formula II above, is 
obtained by the action of .phosphorus pentachloride on salicylic acid (11). or by 
the action of chlorine or phosphorus pentachloride on m-phosphorisal chloride 
(2, 6): for proof of its constitution, see (12), and for the action of heat on it, 
see (6). It f^ives o-phosphorisal chloride, (see below) with phosphorus penta¬ 
chloride at 170® (3). For its other reactions, see the above scheme. 

o-Phosphosal chloride, 2-chloroformyl-phenyl-tetrachloro-phosphate, 2-chloro- 
formyl-phenyl-phosphoric tetrachloride, formula III above, b.p. 179® (11 mm.), 
133’^ (0.003 mm.), is obtained from phosphosal chloride and phosphorus penta¬ 
chloride (see above), and by the action of phosphorus pentachloride on salicyloyl 
chloride (13); the latter reaction establishes its constitution. When heated with 
phosphorus pentachloride in a sealed tube at 180®, it gives o^chloro-hemotrichloride 
Cl-CiE 4 -Ca 3 , m.p. 30®, b.p. 130® (11 mm.). 

Meta-phosphosal chlorid^ 2-chloroformyl-phenyl metaphosphate, formula 
JV above, m.p. 95®, b.p. 171® (11 mm.), is prepared from phosphosal chloride 
and anhydrous oxalic acid at 85® (8, 16). A very similar compound has the com¬ 
position CiJlsOeClP, m.p. 82® (14,17). 

Phosphosal, O-phospho-salicylic acid, formula V above, m.p. between 140 
and 154®, is formed as shown in the scheme above. It can be distinguished from 
salicylic acid by the fact that its aqueous solution only reacts with ferric chloride 
on boiling. For its salts and molecular compounds, see (15,18, 20). 

LUercUure. —(1) B, Amchutz, Ann. 239, 301; (2) ibid., 304; (3) ibid., 319; 
(4) ibid., 321; (5) ibid., 330; (6) Ann. 346, 286; (8) ibid., 293; (9) Ber. 30, 
221; (10) L. AnscMU, Ann. 439, 265; (11) ibid., 269; (12) Ann. 454, 72; 
(13) ibid., 73; (14) ibid., 76; (16) ibid., 78; (16) ibid., 100; (17) ibid., 101; 
(18) ibid., 103; (19) ibid., 104, note; (20) Chasanmvitsch, Ber. 20, 1166. 

OTHER O-DERIVATIVES OF SALICYLOYL CHLORIDE. If the hydrogen 
atom of the phenolic hydroxy-group is protected by substitution, phosphorus 
pentachloride gives O-substituted salicyloyl chlorides; e.g., 0-methyl-salicyloyl 
chloride, o-mieihoxy^benzoyl chloride, see p. 356. Aceto-salicyl^l chloride, o- 
aceioxy4)erizoyl<;hlo^^ aepirirk chloride, CHaCO.OI2]C6H4[11COCl, m.p. 43®, 
b.p. 135® (12 mm.). Carbomethoxy-salicyloyl chloride, CHs0C0*0[2]C6H4' 
(iTCOCl, b.p. 107-110® (0.1 mm.). 

ANHTORO-DERIVATIVBS OF SALICYLIC ACID. SaUcyloyl-saUcyUc acid, 
diploeal, HO[ 2 ]C 4 H 4 [l]COO[ 2 ]C 6 H 4 tl]COOH, m.p. 148®, is the simplest aro¬ 
matic depside. It is obtained by the carefully regulated action of thionyl chloride, 
phosphorus trichloride, carbonyl chloride, etc., on salicjylic acid or salicylates. It 
IS usw in medicine (Ger. Pat. 214,044]. Acem-ealicyloyl-salicylic acid. CHiCO- 
0 C 6 H 4 C 0 ‘ 0 C 6 H 4 C 00 H, m.p. 161-162®, is obtained from ethyl acetyl-salicylo- 
carbonate, or from the mixed anhydride of acetyl-salicylic and salicyho acids, by 
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the action of tertiary bases {Einhorn, Ber, 44, 437). Salicyloyl-saUcylic acid 
gives a chloride, m.p. 99®, with thionyl chloride. Anilide, m.p. 160.6®. When 
the chloride is boiled with dimethylaniline it gives a-disalicylide (see below) 
{Anschutzf J. pr. 105, 160), 

Disalicylic acid. 0(CeH4C00H){, m.p. 230® (decomp.) is obtained from o- 
tolyl-salicylic acid. COOHC 6 H 40 [ 2 ]C 6 H 4 [l]CH 8 , by oxidation with potassium 
permanganate. Cnloride, m.p. 161®. Analogous acids are produced by oxida¬ 
tion of m- and p-tolyl-salicylic acids. When heated with ccmwntrated sulphuric 

acid, or acetyl chloride, xanthone-o-carboxylic acid, C8H4<^ ^ ^CeH8[4]COOH, 


is formed with ring closure. The same compound is produced by treating the 
acid chloride with anhydrous oxalic acid {Anschutz^ Ber. 55^ G80). 

SALICYLIDES. The simplest intramolecular anhydride of salicylic acid, 
✓CO 

C.HZ I , is unknown, but a number of polymers of this simple salicylide have 


been prepared {Anschutz, J. pr. 105, 158; Ann. 439, 1). 

DISALICYLIDES. Acetyf-salicyhc acid, and its anhydride, when heated in a 
vacuum, give acetic acid, acetic anhydride, salicylic acid, ana a mixture of two 
disalicylides, which can be separated by means of chloroform. One is a-disali¬ 
cylide, m.p. 213®, the other jS-disalicjdide, m.p. 199-200®. They are also ob¬ 
tained by heating tetra- or poly-salicylides in a vacuum, or by passing carbonyl 
chloride through a pyridine solution of salicylic acid {Anschutz, Ber. 52, 1875; 
54, 2951; Ann. 439, 1). The a-form can be obtained by boiling the chloride of 
salicyloyl-salicylic acid with diethylaniline. a-Disalicylide ^ves methyl sali- 
cyloyl-salicylate when heated to 100® with methyl alcohol. This compound is 
readily soluble. The /3-disalicyIide remains unchanged when treated in this way. 
a-Disalicylide gives salicyloyl-salicyl-amide, HOC®H 4 CO*OCeH 4 CONHi, m.p. 
185-189®, with ammonia. On heating this amide isomerises to disalicyloyU 
imide, m.p. 185-189®, (HOC 6 H 4 CO) 2 NH {Anschutz, Ann. 439, 5). /S-Disali- 
cylide is only attacked by ammonia with difficulty. 

The formulation of the disalicylides is still uncertain. AnschUtz (J. pr. 105, 
161) regarded the a-form as a cyclic salicylic double ester, analogous with lactide, 
and assumed a different constitution for the i3-form. Both disalicylides, how¬ 
ever, may have a lactide structure, and differ stereochemically, one being a 
^'sessile,*' and the other a '‘tub^'-hke form, as in the case of cyclohexane deriva¬ 
tives (private communication from F. Hohn ). 



OC6H4COO-C.H4CO 

Tetrasalicylide, I I , m.p. 260®, and poly salicylide, 

C0C6H40.C0C«H4 0 

(CTHiOa),, m.p. 322-325®,* are formed by the action of phosphorus oxychloride 
on salicylic acid in xylene, and from salicyloyl chloride by heating under ordinary 
preasure {Anschutz, J. pr. 105, 158). The two compounds are separated by 
means of boiling chloroforrm with which tetrasalicylide forms a compound, 
salicylide-chloroform^ ( 0711402 ) 4 -SCHCU, crystallising in beautiful quadratic 
octanedra^ and containing 36% of loosely combined chloroform of c^stallisation. 
It is used industrially for the preparation of pure chloroform {Anschutz, Ann. 273, 
94; Vol. I, p. 290). Cresotic acids (Ber. 35, 3644) and o-halogeno-salicylic 
acids react similarly. For the molecular weight of tetrasalicylide, see Schroeter, 
Ann. 367,164. 

SaUcylamide, HO*C,H 4 CONH 2 , m.p. 138® {Claisen, Ber. 24, 138). When 
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Balicvlamide in pyridine solution is acted upon by carbonyl chloride, salicylic 
nitrile is obtain^ (see below), together with carbonyl-salicylamiae, CeH 4 - 
/CONH 

I , m.p. 227®, which is better prepared by the action of ethyl chlorocar- 
—CO 

bonate on salicylamide in pyridine solution (Einhom^ Ber. 35, 3647). The O- 
acyl-salicylamides are unstable, and readily changed into N-acyl conmounds 

when heated with pyridine, or fused: AcOC«H 4 CONHa-► HOCfHiCON- 

HAc. This rearrangement is reversible under certain conditions. Thus the N- 
acyl compound reverts to the O-compound when boiled with acetic acid (Auwertf. 
Ber. 40, 3506; Anschutz, Ann. 442, 20), When acted upon by bromine and 
alkali, salicylamide undergoes a rearrangement to carbonyl-aminophenol (p. 
205), and this is further brominated to dihronio^rbonyl-aminophenol (van 
Dam, Rec. 18, 408). Salicyl-anUide, C 6 H 4 (OH)CONHC»H 4 , gives acridone, 

CiH 4 <(^ P>C4H4, when heated alone, probably through a rearrangement into 


phenyl-anthranilic acid (p. 325) (Pictet, Ber, 29, 1189). For condensation prod¬ 
ucts of salicyloyl chloride and anthranilic acid, see Ger. Pat. 284,735. Salicylic 
nitrile, HO-C 4 H 4 CN, m.p. 98®, is obtained from salicylaldoxime and acetic an¬ 
hydride (Bone, J. 63, 1: Beckmann. Ber. 26, 2621). It is osterified only with 
difficulty by methyl alcohol and ethyl alcohol and hydrochloric acid, at tempera¬ 
tures below 100®. Salicylic hydrazide, HO-C 8 H 4 CONH NH 2 , m.p. 147® gives 
salicylic azide,'*HO •C 6 H 4 CONS, m.p. 27®, with nitrous acid. The latter is a 
crystalline compound with a pungent odour. Salicyluric acid, HO * 0^3400 •- 
NHCH 2 COOH, m.p, 170®, is found in the urine when salicylic acidl^s been 
administered, and has been synthesised from salicylic azide or carbomethoxy- 
salicyloylchloride, and glycocoll (Fischer, Ber. 42,219; Berlagnini, Ann. 97, 250). 
Ethyl ester, b.p. 88 ® (Schroet/r, Ber. 52, 2224). 


SULPHUR DERIVATIVES OF SALICYLIC ACID. The fol¬ 
lowing are derivatives substituted in the carboxyl group: 


Thiol-salicylic acid, HOC4H4COSH, white crystals, m.p. 33®. with an odour 
reminiscent of phosphorus, is obtained by the action of an alconolic solution of 
sfxlium hydrogen sulphide, NaHS, on acetyl-salicyloyl chloride (Ger, Pat. 
365,212); carbi-thiosalicylic acid, HOC 6 H 4 CSSH, bright orange needles, m.p. 
48-50®, is formed when hydrogen chloride is passed into salicylaldehyde and hydro¬ 
gen sulphide in benzene solution. Methyl ester, yellow needles, m.p. 10 - 20 ®; 
dimethyl-ether ester, m.p. 43-44® (Hoehn, J. pr. St, 488). 

Derivatives of salicylic acid with sulphur substituted in the 
hydroxyl group include thiosali^Uc acid and its derivatives, which 
are of considerable industrial importance as they are readily con¬ 
verted into indigoid sulfur dyes; see thioindigo, Vol. IV, and Fried- 
lander, Ann. 351, 390. 

Thiosalicylic acid, HS[ 2 ]C 4 H 4 [l]COOH, m.p. 164® (mdefiiiite), is obtained 
(f) by treating diazotised anthranilic acid with potassium xanthate (p. 124), 
potassium thiocyanate, or alkali sulphides (Ger, Pat. 205,450; Allen, Org. Synth. 
1^ 76), the resulting compounds, CO^C 6 H 4 S«C*SOC 2 H 4 . CO 2 HC 4 H 4 SCN, 
(C 02 HC 6 H 4 ) 2 S 2 (see below), being subsequently reduced. (2) By heating o- 
chlorobenzoic acid with alkali hydrogen sulphides, or alkali sulphides in the pres¬ 
ence of copper power (Ger. Pat. 189,200). (3) By reduction of the unstable o- 

sulpho-benzoic dichloride (p. 332). (4) By heating metallic derivatives of thio- 

phenol (p. 214) with carbon dioxide under pressure; the resulting phenyl-thio- 
carbonate undergoes a rearrangement in the same way as in the preparation of 
salicylic acid, when the temperature is raised to 240-270® (Ger. Pat. 614,507). 

Thiosalicylic acid is readily oxidised to dithiosalicylic acid, S 2 (C 6 H 4 COOH)t 
( List, Ber, 31,1666). It ct>naenses with benzene in the presence of su^h^ric acid 

to form Ihioxanlhone (Prescott, J. 99,640). Di-fhiosalicylide, \<'^ 4 lT 4 , 
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m.p. 176®, is formed by heatii^ acetyl-thlosalicylic acid at low pressures. Phenyl 
disulphide, and a substance with the formula ChHsSs are form^ at the same time 
(Anachm^ Ber. 47, 2733 ; 52, 1876). Phenyl thiosalicylate, HSCfH 4 CO*C(Bi, 
m.p. 91®, IS obtained from thiosalicylic acid, phenol, and phosphorus oxychloride, 
POClj {Mayer^ Ber. 42, 1134). 

Methyl-thiosalicylic acid, CHiSCeH 4 COOH, m.p. 169®, is obtained by the 
action of dimethyl sulphate or methyl iodide on alkaline solutions of thiosalicylic 
acid, dithiosalicylic acid, o-thiocyano-benzoic acid, etc. When fused with alka¬ 
lis, preferably in the presence of a condensing agent such as sodium cyanamide, 
8 odio-iea(L etc., it mves thio-indoxyl (Ger. Pat. 200 , 200 ). Phenyl-thiosalicylic 
acid, C«H 5 SCeH 4 COOH, m.p. 167®, obtained from o-chlorobenzoic acid and 
sodium thiophenate in the presence of copper powder, mves ihio-xaiUhorbc when 
heated with concentrated sulphuric acid or acetic anhydride (Graebe, Ann. 263, 
2 ; Goldberg, Ber. 37, 4626; Weeflan, Am. J. 33, 386). Acetylene-ois-thiosali- 
cylic acid, C 02 HC«H 4 S*CH :CH •SCACOOH, is obtained by the action of acety¬ 
lene dichloride on alkali thiosalicylates, and gives thio-indigo with acidic condens¬ 
ing agents (Ger. Pats. 205,324 and 237,773). 

o-Carboxyphenyl-thio^ycolic acid, HOCO(lICeH 4 [ 2 ]S* 011200011 . m.p. 213®, 
is obtained (1) from thiosalicylic acid and monochloroacetic acid, {2) from thio- 
glycolic acid and o-diazo-benzoic acid (p. 124). Its nitrile, m.p. 140®, is ob¬ 
tained by the action of monochloroacetic acid on amino-thiophenol, with subse¬ 
quent replacement of the amino-groim, first by the diazo-group, and finally by 
ON {Friedldnder, Ann. 351, 412). Hot alkali converts carboxyphenyl-thiogly- 
colic acid or its nitrile into ihioAndoxyUcarboxylic acid which readily gives mio- 
indigo by loss of carbon dioxide and oxidation: 


.coon 

c.n4< 

\sc1i2COOH 


.C(OH). 

C.H.<^ J^CCOOH 




Oiphenylsulphide-o,o-dicarboxyiic acid, S(CtH 4 C 02 H) 2 , m.p. 230^, is obtained 
by heating thiosalicylic acid with o-chlorobenzoic acid and copper powder {Mayer, 
Ber. 43. 688 ). Chloro-selenophenol-o-carboxylic acid, Cl^[ 2 jC*H 4 COOH, is 
obtained by the action of thionyl chloride on diseleno-salicylic acid, Se 2 (CeH 4 , 
COOH). Its chloride, m.p. 65-66®, gives the chloride (m.p. 122-123®) of o- 
seleno-cyano-bemoic acid, m.p. 185® (decomp.), with silver cyanide. Diphenyl- 
diselenide-di-o-carboxylic acid, di-seleno-salicylic acid, ( 8 eC 6 ll 4 COOH) 2 , m.p. 
234-235®, is obtained by the action of potassium selenide on diazotised anthrauilic 
acid in an atmosphere of carbon dioxide {Lesser, Ber. 46, 2640; 47, 2507). 

SUBSTITUTED SALICYLIC ACIDS. Of the mono-substituted salicylic acids, 
the 5-derivatives are the most readily formed, followed by the 3-derivatives. 
Hence, in the case of disubstituted acids, the 3,5-compounds, in which the sub¬ 
stituents occupy the o- and p-positions to OH, are the most readily formed. 

5- Chloro-8alicylic acid, m.p. 172®. 

6 - Bromo-salicylic acid, m.p. 164®. 

5- Iodo-8alicyUc acid. m.p. 196®. 

6 - Nitro- 8 alicylic acid, m.p. 228®. 

4-Nitro-8alicylic acid, m.p. 236® has been prepared from 4-nitro-2-acetamino- 
toluene by the following steps: oxidation of the methyl group, hydrolysis, re¬ 
placement of NHi by OH {Kondo, Pharm. Japan, 1922). 5-Niteoso-8alicylic 
acid, m.p. 162-163® (decomp.), bluish-green crystals, is formed by boiling 6 - 
nitroso-methyl-anthranilic acid (p. 326) with sodium hydroxide or sulphuric acid, 
or by treating sodium salicylate with a solution of copper sulphate and sodium 
nitrite Zhurnal, 5, 225). Its methyl ester forms bright blue ci^stals. 

m.p. 89-90®. The acid may be regarded as a quinone-oxime-carboxylic acid 
(p. 202) {Houhei%, Ber. 42, 2767; 53, 2362). 6 -Thiocraio- 8 alicylic acid, m.p. 
167-168®, has been prepared from 6 -amino-salicylic acid by diazotising and sub¬ 
stituting CNS for the diazo-group. It mves fi-mercapto-salicylic acid, m.p. 148®, 
on reduction (Kavftnann, wx, 58, 1668). 
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3-Cliloro-«alicylic acid, m.p. ITS**. 

3-Bromo-8allcylic acid, m.p. 220*^. 

3-lodo-8alicylic acid. m.p. 193"*. 

3-Nitro-8alicylic acia, m.p. 144^ (Hirsch, Ber. 33, 3238). 

3-Nitro-salicylic acid has been synthesised from nitro-malonaldehyde and aceto- 
acetio ester (p. 25). 

3.5- Dichloro-salicylic acid, m.p. 214^. 

3.5- Dibromo-8alicylic acid, m.p. 223®. 

3.5- Diiodo-8alicylic acid. m.p. 220-230® (decomp.). 

3,5*Dmitro-salicylic acid, m.p. 173®. 

3.5- Dichloro-salicylic anhydride, m.p. 187®^ has been obtained by the inter¬ 
action of the corresponding chloriae and the silver salt (Anschutz^ Ber. 30, 223; 
Ann. 346, 307). Other halogeno-salicylic acids have bwn prepared by Ltossar- 
Cohn (Ber. 38, 3294). For the chlorides of substituted salicylic acids, see p. 357, 

3-Amino-saHcylic acid, NH2[3]C6H«[2](OH)COOH (JZatin, J. pr. 61, 532). 
5-Amino-Balicylic acid, NHj[5]C^t[2] (OH)COOH. is best prepared by the re¬ 
duction of benzene-azo-salicylic acid, C 5 H 5 N 2 CeHa(OH)COOH, (Puxeddu, Gazz. 
36, II, 87). Its diazo-compound gives diamond black when combined first with 
a-naphthylamine, and then with a-n^hthol sulphonic acid and 5-hydrazino- 
salicylic acid, NIlaNHCaH8(OH)COOEL, m.p. 148°, on reduction {Fischer^ Ber. 
32, 81: C. 1900, I, 205). 5-Diethyl-glycocoll-amino-salicylic methyl ester, 
(CiH 6 ) 2 NCH 2 CO-NH-C 6 Hi(OH)COOCH 8 . Its hydrochloride, nirvanin, is a 
local anaesthetic (Einhom, Ajin, 311, 154). 

Sulpho-salicylic acid, (S 08 H)C 6 H 3 ( 0 H)C 00 H, and nitro-sulpho-salicylic acid, 
see Hirsch, Ber. 33, 3238; Cohn, J. pr. 61, 545; Meldrum, Indian J. 7, 887, 893. 
Amino-sulpho-salicylic acid is obtained by the action of sodium bisulphite on 
nitro-salicylic acid (Ger. Pat. 123,115). 

1,3- and 1, 4-HYDllOXY-BENZOIC ACIDS. m- and p-Hydroxybenzoic acids 
are obtained from the corresponding amino- and halogeno-benzoic acids by meth¬ 
ods 1 and ^ (p. 353). p-Hydroxybenzoic acid is formed along with salicylic acid 
from phenol by methods 8 and 9 (p. 354). Many resins yield p-hydroxy-benzoic 
acid when fus^ with potash. 

m-Hydrozy-benzoic acid, HO(3]C5H4[llCOOH, m.p. 200®, sublimes, m- 
Methozy-benzoic acid. CH80[3]CeH4C00H, m.p. 110®, is formed in the oxida¬ 
tion of m-cresol methyl ether with permanganate. m'-Hydrozy-m-benzoyl- 
ozy-benzoic acid, m^iplosal, HO[3]C6H4[l]CO*0[3]C6H4[llCOOH (p. 358), 
m.p. 199® (Anschutz, Ann. 442, 45). o-Methylamino-m-methoi^benzoic 
methyl ester, darnascenin, m.p. 26°, occurs in the oil of Nigritella suaveolens, and is 
pr^ared synthetically from w-methoxy-benzoic acid by introducing NO 2 —► 
NHa NHCHs in the 2-position (Etvins, J. 101, 544), or by degradation of 8- 
methoxy-quinoline (Kaufmann, Ber. 49, 578). 

p-Hydro^-benzoic acid, IlO[4]C6H4[l]COOH, melts when anhydrous at 
210®, decomposing partially into phenol and carbon dioxide. Methyl ester, m.p. 
131°, b.p. 270-2fi)® (Hoessle, J. pr. 49, 501). Two modifications of the ethyl 
ester are known; one, m.p, 110®, is formed when either is sublimed and cooled; 
the other, m.p. 126®, is formed when either is sublimed, but not cooled. On re¬ 
crystallisation the former changes into the latter (Kofler, Mikrochemie, 9, 
46). p'-Hydroi^-p-benzoylozy-benzoic acid, p-diplosaZ, m.p. 277® (decomp.) 
(Fischer, Aim. 372, 47). Several p-hydrory-benzoyl residues can join in ester 
fashion, and the substances thus obtained show a tendency, increasing with the 
length of the molecule, to form liquid-crystalline salts. Thus, the compound con¬ 
taining four benzene rings and acylated. at one end, and esterified with the ethyl 
mx>up at the other, melts at 187®, and remains a crystalline liquid up to a red 
heat, when it decomposes. p-Carbometho^-phenozy-acetic methyl ester, 
CWCH|C«H 40 CHaCOOCH|, m.p. 92-93® (Christiansen, Am. 48, 460). m- 
Hydroiqr-p-amino- and m-amino-p-hydrozy-benzoic methyl esters, m.p. 121®, 
and 142®, respectively (Einhom, Ann. 311, 26) are put on the market under the 
names orthoform and neo^ihMorm, respectively, as local anaesthetics, p- 
Mercapto-benzoic acid, HS[4]CcH4[i]COOH, m.p. about 250® (decomp.), is a 
read^ oxidised powder, prepared by reducing p-chlorosulphonyl-benzoic acid in 
acetic-hydrochloric acid with zinc dust (Smms^ J. 121,2022} • 
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For the action of chlorine on the three hydroxy-benzoic acids, see Zincke, Ann. 
261, 236. With phosphorus pentachloride, m- and p-hydroxy-benzoic acids 
behave in the same way as salicylic acid (p. 357). 

Anisic acid, p-methoxy-benzoic acid, CH80[4]C6H4[1]C00H, 
m.p. 185®, b.p. 280®, is, together with benzoic and salicylic acids, 
among the longest known of the organic acids. It is isomeric with 
methyl salicylate, with monomethyl compounds of hydroxy-benzoic 
acids in general, and with hydroxyphenyl-acetic acids. It is readily 
accessible, and many of its reaction products are known. It is 
obtained from anethole (q.v.), the principal constituent of anise oil, 
and some other essential oils, by oxidation with dilute nitric or 
chromic acids. A synthesis from p-bromo-anisole, magnesium, and 
carbon dioxide, has been carried out by Bodrouz (C.r. 136,377). 

Its nitrile, m.p. 62*^, b.p.257^, has been prepared from p-nitro-benzonitrile and 
sodium methoxide, by the action of phospnorus pentachloride on anisamide, and 
by the action of cyanogen bromide and aluminium chloride on anisole (Scholl, Ber. 
33, 1056; 36 648; Henry, Belg., 1899, 582). 

History .—Anisic acid was discovered by Cahours in 1839 (Ann. 41, 66), as an 
oxidation product of anise oil. Kolhe was the first to regard it as a methojQr- 
benzoic acid, because it decomposes into carbon dioxide and anisole when dis¬ 
tilled with baryta (p. 193). Saytzev (1863) found that it gave an acid isomeric 
with, but different from, salicylic acid, when heated with hydriodic acid (Ann. 
127. 129); this acid was later identified as p-hydroxy-benzoic acid. In 1867, 
Ladenhurg prepared anisic acid by the hydrolysis of p-nydroxy-benzoic dimethyl 
ether-ester (Ann. 141, 241). 

HYDROXY-TOLUIC ACIDS. Cresotic acids, CHaC6H,(OH)COOH. Ten 
isomers are possible, and all are known (Jacobsen, Ber. 16, 1966). They are iso¬ 
meric with the thiee hydroxy-phenyl-acetic acids (p. 364), the three methoxy- 
benzoic acids, the hydroxy-mcthyl-benzoic acids, and with phenyl-glycollic or 
mandelic acia. They are obtained: 1. from toluic acids, by methods (I) and 
(2); 2. from hydroxy-aldehydes by method (6 ); and 3. from cresolsby methods 
(8) and (9) (p. 354). The first three acids in the following table are usually called 
0 -, m-, and p-homosalicylic, or o-, w-, and p-cresotic acids. 


CH,| 

CH,| 

CHai 

CHsI 


3 

5 

6 


Ilomosalicylic acids 


C,H, 

CoH, 

C,H, 

C,^I. 


2,1 

2,1 

2,1 

2.1 


(OH)COOH, m.p. 163° 
(OH)COOH, m.p. 177° 
(OH)COOH, m.p. 1.53° 
(OH)COOH, m.p. 168° 


Methyl-w»-hydroxybenaoic acids 


CH,[2]CeH, 

CH,14- 

CH,[5 
CH,[6 


CeH, 

CeH, 

CeHa 


3,1 

3,1 

3.1 

3.1 


(OH)COOH, m.p. 145** 
(OH)COOH, m.p. 206® 
(OH)COOH, m.p. 210® 
(OH)COOH, m.p. 184® 


Methyl-p-hydroxybenzoic acids 

LTI,[2]C«H3[4,l](OII)COOH, m.p. 177® CH,[3]C.H,[4,1](OH)COOH, m.p. 174® 

The homosalicylic acids with OH and COOH in o-positions resemble salicylic 
acid in giving a violet colour with ferric chloride, beii^ freely soluble in chloroform, 
and being volatile in steam. For their reactions with phosphorus pentachloride, 
trichloride and oxychloride, see p. 357. Many homosalicylides or cresotides have 
been described, e.g., o-, m-, and p-dicresotides, o- and p-tetracresotides. w- 
polycresotide. o-, but not m-Tetracresotide forms a compound with chloroform 
similar to salicylide-chloroform, known as o-homosalicylide- or o-cresotide-chloro- 
form (Anschutz. Ann. 273, 90; 439, 8; Einhorn, Ber. 35, 3644). 

5-Mothyl-m-nydroxy-benzoic acid, obtained synthetically by the action of 
baryta on acetone-oxalic ester (Claisen, Ber. 22, 3271), gives, on nitration, 2,4,6- 
trinitro-m'-hydroxy-m-toluic acid, or nitrococcic acid, m.p. 180®. This is an 
oxidation product of carminic add, the colouring matter of cochineal (Miller, Ber. 
26, 2648). 6-Methyl-m-hydroxy-benzoic acid is best prepared by heating 
naphthol-6,8-disulphonic acid 625), with 50% sodium hydroxide at 260- 
280® (Zincke, Ann. 350, 253). The three cresotic acids, or better their dibromo- 
derivatives, when treated with sodium and amyl alcohol, open the ring and are 
reduced to a-, /J-, and y-methyl-pimelic acids (p. 32) (Einhorn, Ann. 295, 193). 
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Several of these hydroxy-toluic acids have been used in the syntheses of terpenes 
and terpene-alcohols (VoL II, p. 221 )* 

o-Hydroxy-mesitylenic acia, (HO)C«H2[3,5](CHi)aCOOH, m.p. 179® {Jacob- 
sen, Ann. 206, 197), has been obtained by nuclear synthesis by condensing a- 
methyl-^-ethyl-acroIein with malonic ester, and treating the product with 
sodium ethoxide (p. 26) (Meerwein, Ann. 358, 71): 


CH, 

CH—in, ROCO 

CHO ^ Hji—O 


-HtO 

CO,R 


>CH-C(CH,)v 

ClhC<f SCOH. 

^H==€(COOR)'^ 


p-Hydroxy-mesitylenic acid. m.p. 223® (Thiele, Ann. 311, 372). 

Trimethyl-hydroi^-benzoic acids (Krohn, Ber. 21, 8^) and ethyl-methyl- 
hydroxy-benzoic acids (Jacobsen, Ann. 195,284) liave also been prepared. Two 
isopropyl-hydroxy-benzoic acids, thymic acid, m.p. 142®. and isohydroxy-cuminic 
acid, m.p. 94®, are obtained from thymol and carvacrol, respectively, by fusing 
them with potash. Two p-methyl-isopropyl-hydroxy-benzoic acids, (CH|)- 
(C 8 H 7 )C 6 H 2 ( 0 H)C 00 H, thymotinic and carvacrotinic acid, have been obtained 
from thymol and carvacrol, respectively, by introducing COi. A number of 
derivatives of thymotinic acid have been described (HeyL Ber. 28, 2795). 

MONOHYDROXY-PHENYL-FATTY ACIDS. The analogues of mono¬ 
hydroxy-phenyl-fatty acids, the monohydroxy-phenyl-fatty acids, are obtained 
(i) from aminophenyl-fatty acids, by diazotismg and decomposing the diazo¬ 
compound with boiling water; (9) from hydroxy-oenzyl cyanides by hydrolysis. 
o-Hydroxy-acids with a phenolic hydroxyl group in the 7 - or 6 -position to the 
carboxyl group can exist (though the corresponding o-amino-acids cannot, p. 329), 
but they lose water when heated and form 7 - and 5-lactones (c/. Vol. I, p. 424). 

HYDROXYPHENYL-ACETIC ACIDS, HO-CeH 4 CH 2 COOH, o- m.p. 147®, 
m- m.p, 129®, and p- m.p, 148®, are isomeric with the ten hydroxy-toluic 
acids (p. 363), the three methoxy- and the three hydroxymethyl-benzoic acids, 
and with mandelic acid. The ortho-isomer is closely related to oxindole (p. 330) 
and isatin (p. 424) and is formed by the reduction of o-methoxy-mandelic nitrile, 
or o-hydroxy-mandelic acid with hydriodic acid. It is also formed when cou- 
marone, or a-chloro-coumarone is acted upon with alcoholic potaslK or when a- 
nitro-coumarone is reduced with tin and hydrochloric acid (Stoermer, Ber. 34,1806; 
3^ 1640; Czaplicki, Ber. 42, 828). It gives a violet colour with ferric chloride. 
Wnen heated it gives a lactone. The p-isomer is found in urine, and is a de¬ 
composition product of proteins, and of sinalbin, occurring in white mustard seed 
(Sedkowsky, Ber. 22 , 2137). 

0 -, m-, p-Hydroxy-phenyl-acetic acid, m.p. 147®, 129®, and 148®, respectively. 

p-Methoxyphenyl-acetic acid, homoanisic acid, m.p . 86 ®, has been prepared 
by the action of carbon dioxide on p-methoxyphenyl magnesium bromide (Mel- 
drum, Indian J. 7, 887,893), and by oxidation of chavicoi-methyl ether with per¬ 
manganate. m- and p-Hydroi^henyl-acetonitriles, m.p. 52® and 60® (Soi- 
kowsky, Ber. 22 , 2139). 5 , 2 -Nitro-hydroxyphenyl-acetic acid, C 6 Hj[ 5 ]N 02 [ 2 J- 
(OH)CH 2 COOIi, m.p. 149®, has been synthesised by condensing nitro-malonalde- 
hyde with laevulinic acid (p. 25) (Hill, Am, Ch. J. 24, 15). o-Mercapto-phenyl- 
acetic acid, HS[ 2 ]C«H 4 [ 1 JCH 2 C 00 H, m.p. 96-97®, is obtained from o-diazo- 
phenyl-acetic acid; when distilled it loses water, and is converted into 2 -oxy- 
✓CHiv 

thionaphthene, (MarschaVk, Ber. 45, 1484). 

HYDROXYPHENYL-PROPIONIC ACIDS. Four of the six possible hy- 
droxyphenyl j)ropionic acids are known. p-Hydroxy-hydratropic acid, HO - [4]- 
CeH 4 ll]CH(C;H*)(COOH), m.p. 129®. is obtained from p-amino-hydratropic acid, 
and from jMnetn^y-hydratropic acid, the oxidation product of p-methoxy-hy- 
dratropaldehyde (p. ^7). It was formerly thought to oe identical with phlo- 
retic acid, but it has now been shown that the latter is p-hydrocoumaric acid 
(see below) (Bougault, C.r. 131, 270; 132, 976; Ann. cn. ph. [7], 25, 483; 
Ciamician, Ber. 27, 1631, 2686). 

HYDROCOUMARIC iciDS. ^-pllenol-propionic acids, HO*C«H4CH9(CH2- 
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COOH, are obtained by reducing the corresponding coumaric acids (hydrojcy- 
cinnamic or /3-hydroxyphenyl-acrylic acids) with sodium amalgam. 

O'Hydrocoumaric acid, mellilotic acid. m.p. 82-83®^ occurs in Melilotus of¬ 
ficinalis^ partly in the free state, and partly combined with coumarin (o-hydroxy- 
cinnamic lactone). It can be obtained from the latter by reduction. It gives a 
faint blue coloration with ferric chloride. Its lactone, hydrocoumarin, is formed 
when the acid is heated, or treated with thionyl chloride, or dissolved in hydro- 
bromic acid saturated at 0 ® (Lasch. Mo. 34, 1633). When fused with potash it 
gives salicylic acid. Its sodium and potassium salts, anhydride, amide, and ethyl 
ester have a biting taste (Afarwi, Tohoku Rep. 17, 695). 


nt-Hydrocoumaric acid, m.p. Ill®, loses water when heated and is converted 
into hydroxy-a-hydrindmiCy HO’C 6 Hi<(^ (KnakCy Ber. 49, 2103). 


p-Hydrocoumaric acid, m.p. 129®, is obtained with phloroglucinol, by decom¬ 
posing phloreti7i, phloroglucinol com|)ound of p-hydrocoumaric acid (C. 1927, 
II, 54), m.p. 254®, with potash. It is also found in decaying tyrosine, and can 
be pn^pared by electrochemical oxidation of hydrocinnamic acid (Fichter, C. 1927, 
II, 54). 

7 - and 5-LACTONES OF HYDROXYPHENYL-FATTY ACIDS. These com¬ 
pounds are formed when the acids are distilled, and correspond to the 7 - and 5- 
lactams described on p. 330. 

y-CHjCOll] 

e-Hydroxyphenyl-acetic lactone, C«H 4 <, ( , m.p. 49® (unstable form 

^0{2]-J 

m.p. 28®), b.p. 248-252®, gives a-chlorocoumarone w'^hen treated with phosphorus 
pentachloride (Stoermer. Ann. 313, 84). Hydrocoumarin, jS-o-hydroxirphenyl- 
/[IJCHjClijCO 

propionic lactone, CJ[ 4 <C I , m.p. 25®, b.p. 272®, is obtained by dis- 

^ [ 2]0 -* 

tillstion of the acid, and is reconverted into it when boiled with water. For hydro¬ 
coumarin derivatives, see Ger, Pat. 365,660. 


{B) Dihydroxy-monocarboxylic Adds 

These are obtained by the same methods as the monohydroxy- 
carboxylic acids. The carboxyl group is taken up more readily by 
dihydroxy-benzenes than by the phenols, mere heating to 100-130® 
with aqueous ammonium or imtassium carbonate being sufficient. 
m-Dihydroxy-benzenes react particularly readily (Kostanecki, Ber. 
18, 3202; 19, 2318; Brunner, Ann. 351, 313). The dihydroxy- 
benzoic acids decompose on heating into carbon dioxide and di¬ 
hydroxy-benzenes. For the action of boiling water on dihydroxy- 
benzoic acids and their bromo- and nitro-derivatives, see Hernmelr 
rnayr, Mo. 33, 971. 

DIHYDROXY-BENZOIC ACIDS. The six possible isomers are 
known. The most important of them is protocatechuic acid, 3,4- 
dihydroxy-bemoic add, (HO)2[3,4]C»H3[l]COOH + H*0, yellow 
needles, m.p. 199® (anhydrous) (Ma^sol, Bull. [3], 23, 331) with 
decomp, into pyrocatechol and carbon dioxide. It occurs in the 
fruit of various species of Illidum, and in other plants. Many tri¬ 
derivatives of benzene with radicals in the 3,4-position8 relative to 
the side-chain give protocatechuic acid when fused with potash; thus, 
bromo- and iodo-p-hydroxybenzoic acids, p- and m-cresol-sulphonic 
acids, sulpho-p- and sulpho-w-hydroxybenzoic acids, eugenol, piperic 
acid (c/. piperonylic acid, below), and other substances give this re^- 
tion. Derivatives of poly-hydroxyflavones, such as luteolin, fisetin, 
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quercetin, cte., and of polyhydroxybenzophenones, such as maclurin 
(Vol. If, p*.451), various resins (e.flr., benzoin, asafoetida, myrrh, and 
particularly kino, from which it can readily be obtained in quantity) 
also give protocatechuic acid when fused with potash or soda {Sten- 
house j Ann. 177,188). See also the phloroglucinol protocatechuates. 

It is also formed by the action of bromine on an aqueous solution of 
quinic acid. When pyrocatechol is heated to 140° with aqueous 
ammonium carbonate; the two possible pyrocatechol-monocarboxylic 
acids are formed. 

A solution of protocatechuic acid gives a green coloration with ferric chloride; 
if then a very dilute solution of sodium carbonate or ammonia is added, the colour 
becomes blue, and finally red. This reaction is common to all compounds con¬ 
taining the protocatechuic radical, (OH) 2 C 6 HsC {Tiemann, Ber. 14, 966). The 
acid reduces ammoniacal silver nitrate, but not Fehling^s solution. When boiled 
with arsenic acid, di-prolocaiechuic acid, C 14 H 10 O 7 , is formed. This compound is 
a dcpside, which gives a green coloration with ferric chloride. It combines in 
equivalent proportions with p-hydroxybenzoic acid (Hlasiwitz, Ann. 134, 278). 
Its derivatives are oxidised by nitric acid to derivatives of j 8 -naphthoquinone. 

The following phenol-ethers of protocatechuic acid are known: 

/COOH[l] /COOflll 

CflIL^OH[3] CeHaC OClh]S] 

\OCH,[4] \0CH8[4] 

Vanillic acid Isovanillic acid Veratric acid Piperonylic acid 

These alkyl- and alkylene ether-acids are formed by the action of methyl iodide, 
methylene iodide, and ethylene dibromidc on protocatechuic acid in the presence 
of potash, and by the oxidation of protocatechu-aldehyde. With hydrochloric 
acid at 150® protocatechuic acid is rc-formed from the dimethyl-ether acid, with 
the intermediate formation of the two monomethyl-ether acids. Under the same 
conditions, the methylene other gives piperonylic acid and formaldehyde; 

/Ov H2O /OH 

COOn*C5H3<^ ^CH2 -> COOII*C6lia<^ + CHjO. 

Part of the formaldehyde condenses with the phenolic hydroxyl CToups and dark- 
coloured polymeric products are formed {Parijs, Rec. 49, 17). The alkyl-ether- 
acids are decomposed when heated with lime or baryta, carbon dioxide being elimi¬ 
nated and pyrocatechol-alkyl ethers formed. 

Vanillic acid, S-methoxy-A-hydroxybenzoic acid, m.p, 211 ® (sublimes), is ob¬ 
tained by vigorous oxidation of its aldehyde, vanillin (p. 347), and therefore also 
by the oxidation of coniferin, and by hydrolysis of aceto-vanillic acid, m.p. 142®; 
the latter is obtained by oxidation of acet-eugenol, aceto-ferulic acid, and aceto- 
homovanillic acid with permanganate. Nitrile, m.p. 89®. 

Isovanillic acid, S^hydroxy^-methoxy-henzoic acid, m.p. 250®, was first obtained 
by heating hemipinic acid, a 4,5-dimethoxy-o-phthalic acid (p. 359), with hydro- 
cnloric acid. 

Veratric acid, 3,4^imethoxyd)enzoic acid. m.p. 179®, occurs in the seeds of 
Veratrum sabadilla, together with an alkaloia, veratnne. m-Methyl-p-etiliyl-ether- 
protocatechuic acid, w-methoxy-p-etho^-benzoic acid, m.p. 195-196®, is ob¬ 
tained from iso-eugenol-ethyl ether. Diethoxy-benzoic acid, m.p. 149®. 

Piperonylic acid, methylene-dioT^-hmzoic acid. m.p. 230®, can be obtained 
by oxidising a-homopiperonylic acid (p. 366), wnich is itself the first oxidation 
product of safrol, and also from piperonal {Schri^ner, Org. Synth. 10,82), and from 
protocatechuic acid (p. 365). For its decomposition when heated with hydro¬ 
chloric acid, see above. When acted upon by phosphorus pentachloride, followed 
by cold water, it is converted into protocatechuic carbonate, and when this is 
hydrolysed, the acid itself is formed (.Burger, J. 93^ 563). Thii| is a reaction 
similar to tliat occurring when piperonal is converted into protocatechu-aldehyde 


/COOII[l] 

CtUZ-OCHM 

\OII[4] 


/COOH[l] 
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(p. 349). Nitrile, m.p. 95** {Marcm, Ber. 24, 3656). Ethylene-didroi^r- 
benzoic acid, m^. 133"*. 

Proteic (md, CtRitOA, m.p. 187®, occurs in Protea mellifera^ and appears to be 
an ethyl-protocatechuic acid (Hesse, Ann. 290, 319), 

Pyrocatechol-o-carboxylic acid, 2,3-dihydroxy-bemoic add, (HO) 2 CeIl 8 COOH 
•4- 2 H 2 O, m.p. 199® (anhyd.), decomposes readily into carbon dioxide and pyro- 
catechol, and is formed, together with protocatochuic acid, by the action of 
ammonium carbonate or potassium bicarbonate on pyrocatechol (Brunner, Ann. 
351, 320; Praxmarer, Mo. 27, 1199). It is also form^ when 3-iodo-salicylic acid 
is fused with potash. Its 3-methyl-ether acid, m.p. 148®, is obtained from its 
aldehyde, o-vanillin, by oxidation, the OH-group being temporarily protected 
(Arch. Pharm. 253, 33), The methyl ester of this acid occurs in the essential oil 
of primrose root, toother with the isomer, the so-called primula-camphor (see 
below) (Goris, BuU. Pharm. 1912). 2,3-Dimethozy-benzoic acid, o-veratric acid, 
m.p. 122®, is obtained by oxidising either o-eugenol methyl ether, or o-veratralde- 
hyde (Perkin, Robinson, J. 105, 2376). 

RESORCINOL-MONOCARBOXYLIC ACIDS. There are three isomers; the 
symmetrical dihydroxy-benzoic acid is obtained from sym-disulpho-benzoic acid 
(p. 334) by fusion with potash, and the two others from resorcinol by the action 
of aqueous ammonium carbonate or potassium bicarbonate (Tiemann, Ber. 13, 
2379; Bistrzyeki, Ber. 18, 1985; Brunner, Ann. 351^ 320; Shriner, Org. Synth, 
10 , 95). The a-compound gives no colour with ferric chloride, the ^-acid gives 
a dark red colour, and the 7 -acid a bluish-violet colour. 

a-Resorcylic acid, 3,5-dihydroxy-ben2oic add. (HO)2C6H3COOH 4 - IV2H2O, 
m.p. 233®, gives anthrachrysone when treated with hot sulphuric acid. /3- 
Resorcylic acid, 2,4^-dihydroxyhenzoic add, (HO) 2 C 6 H 8 COOH 3 H 2 O, m.p. 213® 
(anhyd.). The ethers and esters of this acid have been described by Perkin 
(J. 67, 990; Proc. 19, 14; Gregor, Mo. 16, 1881). With chlorine in acetic acid, 
it gives hexachloro-w-diketo-tetrahydrobenzene (Vol. II, p. 117) (Zincke, Ber. 
25, 2687). Nitrile, m.p. 175®. The methyl ester of its 4-methyl-ether acid, 
primula-campjior, m.p. 158-159®, occurs in the essential oil of primrose root 
(Goris, Bull. Pharm. 1912). The dimethyl-ether acid, m.p. 186-187® (Mauthner, 
J. pr, 121, 264). 7 -Resorcylic acid, 2,%^ihydroxyhenzoic acid, melts between 
148® and 167®, with decomposition into resorcinol and carbon dioxide. 

Gentisic acid, hydroquinone-carhoxylic acid, 2,b~dihydroxy~benzoic add. m.p. 
200 °, decomposes at 215®. It was first obtained from gentisin, a xanthone deriva¬ 
tive, by fusion with potash. Phloroglucinol is formed simultaneously. It is ob¬ 
tained from hydroquinone and gentisic aldehyde (p. 350) (Ber. 14, 1988), and 
from 6 -bromo-, 5-iodo-, and 5-amino-salicylic acids. The best method of prep¬ 
aration is to oxidise salicylic acid in alkaline solution with potassium persulphate 
(Graebe, Ann, 340, 213; Fichier, Ilelv. 3, 22 ; Neubauer, Z, physiol, Chem. 52, 
375), It gives a deep blue colour with ferric chloride, and is decomposed by this 
reagent into quinone and carbon dioxide (Nef, Ber. 18, 3499). For 0-beiizoyl 
derivatives of /3-resorcylic acid and gentisic acid, see Bergmann, Ber. 52, 371. 

DIHYDROXY-TOLUIC ACIDS, (HO) 2 C 6 H 2 (CH 3 )COOH are isomeric with 
dihydroxy-phenylacetic acids. A number of acids, methyl ethers, and didepsides 
(Vol. II, p. 381) belonging to this group have been detected in lichens (Asakina, 
Ber. 65, 175). 

Orsellinic acid, 4,6-dihydroxy-O’^toluic add (Henrich, Ber. 37, 1406; Fischer, 
Ann. 391,349), m.p. 176®, with decomp, into carbon dioxide and orcinol (p. 230), 
is obtained from orsellic acid (see below) by boiling with water, from erythrin by 
the action of baryta water, from orcylaldehyde (p. 350) by oxidation, and syn¬ 
thetically from crotonic and acetoacetic esters, which condense under the action 
of sodium ethoxide to give the so-called dihydro-orsellinic ester 



This is treated with bromine to remove 2 H, and then with catalytically activated 
hydrogen to remove any bromine from the ring (Bonn, Ber. 61, 926). It gives a 
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violet colour with ferric chloride. Its 4-methyl ether, eveminic add, m.p. 169® 
(deoomp.), is obtained, together with orsellinic acid, by boiling the didepside, 
evernic acid (see below) with baryta. It is probably present in extract of Lichen 
plicatm (Walbaum, Ber. 57, 770 ) . It gives a red colour with ferric chloride. Its 
methyl ester, sparassol, CHaO[41HO[6]CHa[2]C6H2[l]COOCHf, m.p. 67 - 68 ®, is 
produced in the metabolism of the fungus Sparassis racemosa (Wedekind, Ber. 57, 
1121 ). 

Orseilic acid, diorsellinic acid, or lecanoric acid, CieHiaO?, m.p. 166®, is the 
didepside of orsellinic acid (HO)2[4.6]CH,{2]C«H,[l] .0[4']C6H2[6'10HI2']. 
CHall'JCOOH (Fischer, Ber. 46, 1138). It occurs in a number of lichens of the 
genera Roccella, Parmella. and Lccanora. It gives a red colour with ferric chlo¬ 
ride, and when boiled with water is converted into orsellinic acid. Its 4-methyl 
ether, evernic acid, m.p. 168-169®. Gyrophoric acid, m.p. 220® (deoomp.) is a 
tridepside of orseilic acid and occurs in Gyrophora esculenta (Asahina, Ber. 63, 
3044). These depsides, and also erythrin, erythritol orsellate, are more fully 
described in connection with tannins, Vol. II, p. 382, 

p-Orsellinic acid, 2,6^ihydroxy-p-toluic acid, m.p. 178-179®, is prepared as 
follows: atranorin, from the lichen Lecanora aira (see below), is treated with hot 
acetic acid, and the resulting mixture is extracted with sodium carbonate solution. 
Atranolj p-orcyl-aldehyde (P* .350) is soluble in this solution. The aldehyde is 
then oxidised to p-orsellinic acid. An alcoholic solution of the acid gives a green 
colo ur w ith ferric chloride (Pfan, Helv. 9, 650). 

DIHYDROXY-XYLIC ACIDS. The methyl ester of /S-orcinol-carboxylic acid, 
airaricadd, physdanin, (HO)2[2,4](CHj)2[3,61C6HCOOCH2,m.p. 142®, is found 
in the oil from the lichen Evemis qirunasiri and in lichens of the genus Physcia. 
Its didepside, atranorin, is a constituent of many lichens. It gives atraric acid 
when heated to 150® with water or alcohol. The 4-methyl ether, m.p. 94®, is ob¬ 
tained by methylating it with diazomethane (Pfau, Helv. 11, 864; Sohn, Ber. 62, 
3012). 

Dihvdro^-durylic acid, (HO)2(2,5]C«[3,4,6] (CHOiCOOH, m.p. 210® on 
rapid heating, is the reduction piquet of durylic quinone, pseudocumoquinone- 
carboxylic oM, 02[2,6]C6(3,4,6] (CH 3 )jCOOH, decomp, at 130®, obtained by the 
action of ferric chloride on a hydrochloric acid solution of diamino-durylic acid 
(Nef, Ann. 237, 11). 

DIH YDROXz -PHENYL-FATTY ACIDS. Certain dihydroxy phenyl-acetic 
and -propionic acids are of interest. In a-homoprotocatechuic acid, and its 
ether-acids, the substituting groups occupy the same positions as in protocatechuic 
acid and its ether acids; 


o-Homoprotocatechuic acid, a-Homovanillic acid, a-Homopiperonylio acid, 

m.p. 127" in.p. 142" ni.p. 127" 


/CHjCOOHfl] 

C,H.^OCH.p] 


/CHjCOOHll) 


/CH2COOHIII 

Cja,eOH[3] 

\OH[ 4 ] 


a-Homopiperonylic acid is prepared by careful oxidation of safrol (p. 452) with 
permanganate. Under the same conditions aceto-a-homovanillic acid is obtained 
from aceto-eugenol. The latter acid, m.p. 140®, givas a-homovanillic acid when 
hydrolysed with caustic soda, and when this is treated with hydrochloric acid at 
180®, a-homoprotocatechuic acid is formed (Tiemann, Ber. 10, 207 ; 24, 2882). 
a-Homovanillic acid has also been obtained from vanillin and hippuric acid, 
which condense to a so-called azlactone (p. 267). This is converted into its 
pyruvic derivative, and then oxidised with hydre^en peroxide (p. 289). Simi¬ 
larly, pip^onal gives a-homopiperonylic acid (Mauthner, Ann. 370. 372). a- 
Homoprotocatechuic acid is best prepared by boiling the cyanhydrin oi O-methyl- 
vanillin with hydriodic acid (Pictet, Ber. 42, 2949). Piperonal cyanhydrin has 
been converted, through its imido-ether, into the corresponding mandelic ester; 
this has been chlorinate in the a-position, and then reduced, when homopiperony- 
lic ester is formed (Slotta, J. pr. 139, 211). Homoveratric acid, (CH80%[3,41- 
CJIiIllCHiCOOH, m.p. 99®. 

2-Hydro:igr-3-methoxy-ph6nylacetic acid, m.p. 124®, is obtained by reducing 
2,3-dimethoxy-mandelic nitrile with hydriodic acid. If the action is prolonged, 
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7-hydroxy-a-coumar(me, HO[3]CaHi 


^012]--^ 


CO, m.p. 189® is formed (Most- 


mann, Ber. 49, 1258). 

2,5-Dihydroxyphenyl-acetic acid, homogentisic add, m.p. 147®, is found in the 
urine of patients sobering from alkaptonuria. It crystallises with 1 mol. of 
water. Syntheses: from 2,5-dimethoxy-phenyl-acetonitrile, obtained by the 
action of potassium cyanide on dimethoxy-oenzyl chloride; from 2,5-dihydroxy- 
mandelic acid by boiling with hydriodic acid; and from monobenzoyl-hydro- 
quinone-allyl ether, which rearranges to C-allyl-hydroquinone, the dibenzoate of 
which is oxidised (Neubauer, Z. physiol. Chem. 52. 376; Hahn, ibid., 181, 88 ). 

«yw-DihydroxyphenyI-acetic acid, (HO)f[ 3 . 5 ]C«Hj[llCH 2 COOH -f- H 2 O, 
m.p. 54®, has been obtained by the action of alkalis on dihydroxy-phenyl-acetic^ 
dicarboxyl^ ester, (COOC 2 H 6 ) 2 C«HI 3 , 5 j(OH) 2 [lICH 2 C(>OC 2 H 5 , m.p. 98®, the 
condensation product of acetone-dicarboxylic ester when treated with somum 
(Pechmann, Ber. 31, 2014; Jerdan, Proc. 1899, 151). Its silver salt gives orcinol 
on heating. 

Hydrocaffeic acid, fi-S,4:-dihydroxy‘^kmyl-pro'pionic add, has the same arrange¬ 
ment of substituents as protocatechuic acid ana a-homoprotocatechuic acid: 


/CHjCIToCOOHll] 

CeH^^^OCHslSJ 

X)H[4] 

Hydroferulic acid, 
m.p. 89-90® 


/CHjCHjCOOHll] 

C.H,eOH[3] 

\OCH,(41 

Hydroisoferulic acid, 
m.p. 164® 

Methylene ether of 
hydiocaffeic acid, m.p, 81® 


/CH 2 CH 2 COOHIII 

CeH,^OCII,[31 

\OCH,[4] 

Dimethyl ether of 
hydrocaffeic acid, m.p. 96® 


Hydrocaffeic acid itself, and its derivatives, are obtained from caffeic acid, 3,4- 
dihydroxy-cinnamic acid, and its derivatives, ferulic and isoforulic acids, by reduc¬ 
tion with sodium amalgam (Tiernarm, Ber. 11 , 650; Lorenz, Ber. 13, 958). The 
methylene-ether acid is also formed when j3-hydropiperinic acid (p. 477) is oxi¬ 
dised (Regel, Ber. 20 , 421). Hydrocaffeic acid gives the same colour as proto¬ 
catechuic acid with ferric chloride (p. 366). When hydroferulic acid is dissolved 
in sulphuric acid, it is converted into a hydrindone: 


CH CHa 
CHaO C'''' \ 

i.o.i A/”■ 

\1h CO 


m.p. 193-194® (Konek, Ber. 55, 102). Ethyl hydroferulate, b.p. 193® (17 mm.) 
and the alcohol formed from it by reduction, have bitter tastes (Nomura, Tohoku, 
17 693). 

Hydrotimbellic acid, 0-2,4:-dihydroxypkenyLpropioHic add, (HO) 2 [ 2 , 4 ]C*Hi- 
CH 2 CH 2 COOH, decomp, at 110 ®, is prepared by the action of sodium amalgam on 
uinbelliferono, 2,4-dihydroxy-cinnamic-5-lactone. It gives a green colour with 
ferric chloride. 

Hydroquinone-propionic acid, (HO) 2 [ 2 . 6 ]C 6 H*CH 2 CH 2 COOH, is obtained in 
the form of its lactone, m.p. 103®, by oxidising o-hydrocoumaric acid in alkaline 
solution with potassium persulphate (Neubauer, Z. physiol. Chem. 52, 375). 
Tetrahydropiperinic acid, (CH 202 )[ 3 , 4 ]C 6 H 8 * (CH 2 ) 4 COOH, m.p. 98®, is formed 
by the catalytic reduction of piperinic, chuviciuic (p. 481), and jS-hydropiperinic 
acids (p. 477) (Oil, Ber. 55, 2653). 

(C) Trihydroxy-benzoic AcidSf (HO)aCeH2COOH 

Theoretically, six isomers are possible, but only four are known. 
The most important is 
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GaUic acid, (HO)a[3,4,5]CoHaCOOH + H 2 O, m.p. 222^, with 
decomp, into carbon dioxide and pyrogallol. It occurs in the free 
state in <ea, dm-dm, the fruit of Caesalpinia coriaria, pomegranate 
root, and many other plants. It is obtained by boiling tannin^ the 
common tannic acid, with dilute acids. It has been prepared arti¬ 
ficially by fusing 4-bromo-a:-resorcylic acid, or 5-bromo-catechuic 
acid, with potash. 

Gallic acid crystallises in needles with a silky lustre. It is sparingly 
soluble in cold w^ater, but dissolve^ freely in hot water, and in alcohol 
and ether. It has a stringent, feebly acidic taste. It reduces gold 
and silver salts and is used for this purpose in photography. Its 
solution gives a dark blue precipitate with ferric chloride. Its 
alkali-metal salts absorb oxygen, and turn brown in air. 

When heated with sulphuric acid, gallic acid is converted into rufigallic add, a 
derivative of anthracene. When oxidised with arsenic acid, potassium persul¬ 
phate, or iodine, or when methyl gallate is boiled with ferric chloride, ellagic acid, 
ChHsOs. is formed. This compound should be regarded as hexahydroxy- 
diphenyl-dicarboxylic dilactone: 



506; Vol. II, p. 393) (Nierenstein, Ann. 394, 249; Schivenk, J. pr. 90, 53). 
Ellagic acid is formed, together with its monolactone, luleic acid, 

COCeHCOHa) 

I 1 , with particular ease, when tannin is oxidised with hydro- 

O—C«H(0H)2C00H 

f en peroxide. When distilled with zinc dust, ellagic acid gives fluorene (p. 678). 

’or its electrolytic reduction, see Nierenslein, loc, cil. In alkaline solution, gallic 
acid changes into galloflavin, a yellow dye of the xaiithone group. When treated 
with potassium chlorate and hydrochloric acid, gallic acid is decomposed to iso- 
trichloro-glyceric acid (trichloro-pyroracemic acid) (Vol. I, p. 464). It combines 
with other aromatic acids to give chains of a depside nature {Mauthner, pr. 87, 
409). 

Basic bismuth hydroxygallate, (H0)8 C«H2C02Bi(0H)2, known as dermatol, is 
used as an odourless antiseptic in powder form, and bismuth gallate hydroxy- 
iodide, (HO)3CeH2C02Bi(OH)I, airol, is a substitute for iodoform. Ethyl 
gallate, (HO),CeH 2 COOC 2 H 8 , m.p. 14^ (anhydrous). 

Trimethyl-gallic acid, (CH 30 )iC 6 li 2 C 00 H, m.p. 170®, is a degradation prod¬ 
uct of podophyllotoxine (Vol. II, p. 492). Methyl eater, m.p. 82-83® {Overmyer, 
Am. 49,499); chloride, m.p. 77-78® (Bogert, Am. 36, 514); anhydride, m.p. 160- 
161® {Fischer, Ber. 46, 1116). Triethyl-gallic acid, m.p. 112®. When the tri- 
metho3^-acid is heated with hydrochloric acid, 3,5-dimethyl-gallic acid, 
H014J (CH80)2[3,5jC8H2C00H, m.p, 204®, which is identical with syringic 
acid is formed. It is also obtained by oxidation of hydroxy-dimethoxy-cinnamic 
acid (sinapic acid). For its derivatives see Bogert, Am. 37, 2723), 3-Methyl- 
gallicacid, m.p. about 240®, is produced by the hydrolysis of carbonylo-methyl- 

f allic methyl ester, C0*02[4,51CH80I3](J«H2C00(IJH8 {Fischer, loc, cit,),. 4- 
lethyl-gallic acid, m.p. 240®, has been prepared by Graehe (Ber. 36, 215, 660) 
by the action of dimethyl sulphate on gallic acid. Myristicinic acid, (CHaO)- 
(CH 2 O 2 )-CeHaCOOH, m.p. 210®. Triacetyl-gallic acid, m.p. 171® (decomp.). 
m,m^-Diacetyl-p-benzoyl-ga4ic acid, 


CHaCOOv^ 
CaHaCOO- 
CHaCOO/ 


-COOH, 
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m.p. 183®, has been studied by Emil Fischer (Ber. 51, 45) as an example of intra¬ 
molecular re-esterification, since by careful hydrolysis it is converted into m- 
benzoyl-gallic addy (C 8 H 6 COO)(HO )2 ’C*H 2 COOH. 

Gallic ax^de,gallanol, and dibromogallic acid, pallohromoly m.p. 140®, are used 
in medicine. For other derivatives of gallic acid see Hamburg, Mo. 19, 593;, 
Gnehm, J. pr. 63, 77. 

Pyrogallol-carboxylic acid, (HO) 3 [^2,3,4]CeH 2 COOH -f V*H20, m.p. 220® 
(anhydrous), sublimes in a stream of carbon dioxide without decomp. It is 
formed when pyrogallol is boiled with potassium bicarbonate (Kostanecki, Ber. 
18, 3205). It gives a violet colour with ferric chloride. The triethyl acid, 
(C2H60)3C6H2CC)0H, m.p, 105®, is obtained by oxidation of triethyl-daphnetic 
acid. 

Phloroglucinol-carboxylic acid, (HO)j[2,4,6]C6H2COOH -f H 2 O, decomposes 
into carbon dioxide and phloroglucinol at about 100®. It is produced by boiling 
phloroglucinol with potassium carbonate solution (Will, Ber. 18, 1323). For its 
ethers see Herzig, Mo. 24. 101. 

Hydroxyhydroquinone-carbo^lic acid, (HO)j[2,3,6]C6H2[l]COOH, m.p. 217- 
218° (decomp.) is prepared by Soiling hydroxy-hydroquinone with a bicarbonate 
solution, through which carbon dioxide is passed (Thiele, Ber. 34, 2840; Hemmel- 
mayr, Mo. 32, 786). Asaronic acid, trimethyl-2,4,5-hydroxyhydroquinone 
carboj^lic acid, m.p. 144®, can be prepared by oxidising synthetic asaryl aldehyde 
(p. 350) (Gattermann, Ber. 32, 290), or by methylating hydroxy-hydroquinone- 
carboxylic acid (Bargellini, Gazz. 42, II, 351). Triethyl-hydroxy hydroquinone 
carboxylic acid, (C 2 HbO)s[2,4,5]C 6 H 2 COOH, m.p. 134®, is formed from a- or /3- 
triethyl-aesculetin carboxylic acid by the action of permanganate (Will, Ber. 
16, 2113). 

Iridic acid, dirnethyl-homogallicacid, (CH30)2(H0) [3,4,5] C«H 2 CH 2 COOH, m.p. 
118®, is formed, together with formic acid and iretol, by the action of barium 
hydroxide on irigenin (de Laire, Ber. 26,2015). The acid has been synthesised by 
Mauthner (Ann. 449, 102), starting with 3,4-dimethyl-gallic acid, converting it 
into its aldehyde, condensing this with hippuric acid to the azlactone: 



CCell 


& 


which gives iridic acid on hydrolysis. 

Methyl-iridic acid, trimelhyl-homogallic acid, (CH 80 ) 8 [ 3 , 4 , 51 C«H 2 CH 2 COOH. 
m.p. 210®, is an oxidation product of elemicin (p. 451), ana has been prepared 
synthetically from the aldehyde of trimethyl-gallic acid (Mauthner, Ber. 41, 
3662). 

3,4-Dimethoxy-6-oxyacetic-benzoic acid, rissic acid, m.p. 170®, and 
derric acid, (CH 80 ) 2 [ 3 ^ 4 ](C 00 H CH 20 )[ 6 ]CeH 2 [l]CH 2 C 00 H, m.p. 262® 
(decomp.), are decomposition products of rotenone, the active principle of the 
root of Derris elliptica. a papilionacea of S. E. Asia (Vol. II, p. 503). Rissic acid 
loses the ring carboxyl when heated, forming 3,4-dimethoxy-phenoxy-acetic acid 
(La Forge, Am. 53, 3896). 

Digallic acid, m-galloyl-gallic acid, gallic acid didepside, (HO) 8 [ 3 , 4 , 51 C 6 H 2 [ll- 
C 0 * 0 [ 3 ']C 6 H 2 [ 1 ']C 00 H[ 4 ', 5 ']( 0 F[) 2 , m.p. 285® (anhyd.) is formed together 
with gallic acid by the hydrolysis of tannin (Vol. II, p. 393). It has been syn¬ 
thesised by coupling tricarbethoxy-gallic chloride with 3,5-dicarbethoxy-gallic 
acid. A normal coupling reaction first takes place, the chlorine of the acid chlo¬ 
ride and the hydrogen of the free p-hydroxyl of the acid being eliminated, with the 
formation of a p-didepside. Then, when the carbethoxy groups are removed by 
hydrolysis, the acid residue migrates from the p- into the m-position. A similar 
migration has been observed with other didepsides. The acid precipitates glue 
(Fischer, Ber. 52, 809). The ethyl ester of peniarnethyUm^alloyl-gallic add, 
m.p. 129-130®, is obtained from trimethyl-galloyl chloride, the methyl ester of 
3,4-dimethyl-gallic acid, and sodium hydroxide (Mauthner, J. pr. 85, 308). 
Penta-acetate, m.p. 193-194® (Fischer, Ber. 46, 1116). 

p-Galloyl~gallic add, p-digallic add, undergoes a rearrangement when liberated 
from its esters (see preceding paragraph), and is unknown in the free state. Its 
derivatives, in which the five hydroxyls are alkylated or acylated, have been pre- 
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pared from ayringic acid derivatives, and from derivatives of galloyl chloride. 
The pentamethyl-ether acid, m.p. 221-222®, methyl ester, m.p. 172-173®. 
Pentaacetyl-ester acid, m.p. 202-203®, methyl ester, m.p. 192-193® {Fischer, 
Ber. 46, 1116; 51, 146). 

The tannins derived from gallic acid and its derivatives, and related substances 
are dealt with in Vol. II, p. 378. 

(S) POLYHYDRIC ArOMATIC AlCOHOLS WITH OnE HyDROXYL 
IN THE Side-chain and Their Oxidation Products 


1. Dihydric and Trihydric Aromatic Alcohols 

XYLYLENE ALCOHOLS, C«H4(CH20H)*, are obtained from the corresponding 
xylylene chlorides and bromides by boiling with aqueous sodium carbonate; the 
o^ompound, phthalyl alcohol, can also be prepared by reducing o-phthaloyl 
chloride in acetic acid with an excess of sodium amalgam (Hessert, Ber. 12, 646), 
and w-xylylene alcohol by electrolytic reduction of isophthalic acid {MetlUr, Ber. 
39, 2936). 

1.2- Phthalyl alcohol, m.p. 64®; dichloride, m.p. 65®; dibromide, m.p. 95®. 

1.3- Xylylene alcohol, m.p. 46-47®; dichloride^ m.p. 34®; dibromide, m.p. 77®. 

1.4- Xylylene alcohol, m.p. 115-116°; dichlonde, m.p. 100®; dibromide, m.p. 

144®. 


The three chlorides are formed when the xylenes arc heated to 150® with phos- 

E horus pentachloride {Colso7i, C.r. 101, 1064), and the bromides by the action of 
romine on boiling xylene, or in sunlight {Schramm, Ber. 18, 1278). p-Xylylene 
chloride has been prepared from benzene and trioxj^ethvleno with zinc chloride. 
Dichloromethyl compounds, C 6 Hi(CH 3 )j(CH 2 Cl) 2 , are ootained from x\denes by 
the action of formaldehyde and hydrochdoric acid {Bravn, Ber. 67, 1094); they 
give tetramethyl-benzenes when reduced with zinc dust and sodium hydroxide. 

Ethers. —Dialkyl ethers of p-xylylene alcohol are obtained from the cldoridtj 
bv the action of methjrl- or ethyl alcoholic potash, and are converted into mono¬ 
alkyl ethers by the action of acetyl chloride in the presence of a trace of zinc chlo¬ 
ride. Monomethyl ether, b.p, 152® (16 mm.), monoethyl ether, b.p, J54® (16 
mm.) {Qxielel, C.r. 192, 1391). 

o-Xylylene oxide, phthalan, C«H4(CH2)20, b.p. 192°, is a colourless oil, with a 
strong smell of almonds, obtained by heating o-xylelene bromide with potash 
{Willstditer, Ber. 40,965), Tetrachloro-xylylene oxide, CiCl4(CH2)20, m.p. 218® 
{Graehe, Ann. 238, 331). 

XYLYLENE SULPHHYDRATES, C 6 H 4 (CH 2 SH) 2 ; 1,2-, m.p. 46°; 1,3-, an 
oil, b.p. 167°; 1,4-, m.p. 47°, are formed from xylylene bromid<\s by the action 
of alcoholic potassium hydrosmi}hide. The l,2-(;ompound combines witli alde¬ 
hydes and ketones with elimination of water, to form cyclic mercnptals and mer- 

captols, and these, on oxidation, give cyclic siilphones {Kotz, 

Ber. 33, 729; Autennelh, Ber. 34, 1772 ; 35, 1388). 

o-Xy]ylene sulphide, C 6 H 4 (CHa) 2 S, is an oil smelling like mercaptan, obtained 
by the action of a concentrated solution of potassium sulphide on o-xylylene bro¬ 
mide. Dixylylene disulphide, [C 6 H 4 (CH 2 ) 2 Sl 2 , m.p. 234^, is obtained at the same 
time, but is tJetter prepared from o-xylylene oromide and C«H 4 (CH 2 -SNa) 2 . On 
oxidation, xylylene sulphide gives o-xylylene s^hone, C 6 H 4 (CH 2 ) 2 S 02 , m.p. 
162®, and its dimer forms a disulphone, fC 6 H 4 (CEr 2 ) 2 S 02 l 2 , and with bromine, a 
stable dibromide, fC«H 4 (CHi)^Br]f, Ill® {Autenrietn, Ber. 36, 183). 
o-Xyiylene diamine, C6H4[1,2] (CH 2 NH 2 ) 2 , a liquid, is obtained from o-xylylene 


bromide and potassium-jhthalimide {Slrassmann, Ber. 21, 578), and by r^uc- 
tion of phtbalazine (p. 374). When its hydrochloride is heated o-xylylene-imine, 
dihydro-iso-irhdole, C 5 H 4 (CH 2 ) 2 NH, b.p. 213®, is formed. This is also obtained by 

/CC1;N 

the reduction of chloro-phthalazide, C«H 4 <Q | ; a number of its derivative 


have been described {Frdnkel, Ber. 33, 2808). 


^CH;N 
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Ammonia, on the other hand, converts xylylene bromide first into 5is-zylylene« 
ammonium oromide, C 6 ll 4 (CH 2 ) 2 N •Br(CH 2 ) 3 CfH 4 , and on continued action, hia^ 
xylylene-diamine, [C6H4(CH3)2NH]2, m.p. 80®, b.p. 130-135® (12 mm.). Ayly- 
lene bromide reacts readily with primary, secondary, and tertiary amines as well. 
Mast primary amines, aliphatic or aromatic, form If-alkyl- (or N-aryl-)zylylene 
imines; but when an aromatic amine contains substituents in the o-position rela¬ 
tive to the NPL-group, ring-closure cannot take place on account of aleric hin^ 
drance and diaryl-zylylene-diamines are formed. With secondary amines, cyclic 
xylylene-ammonium bromides, C 2 H 4 (CH 2 ) 2 N(RRi)Br, are usually formed, and 
with teritary amines, xylylene-diammonium bromides. Xylylene bromide may 
therefore be used for the characterisation of alkaloids (Schmz, Ber. 40, 852). 
Triethyl-phosphine reacts with o-xylylene bromide like a tertiary amine, with the 
formation of o-xylylene-ditriethyl-phosphonium bromide iPartheU, Ber. 33,606). 
m- and p-Xylylene bromides never give cyclic compounds with amines, but form 
diamiiie-derivatives, C 6 H 4 (CH 2 NH 2)2 (Halfpaap, Ber. 36, 1672). 

Pseudocumenylglycol, CHafl] 0462 ( 2 , 4 ] (CHaOH)^ m.p. 77® (Hielt, Ber. 19, 
867). Mesitylene-glycoL CH 8 ( 1 ]C 4 H 2 [ 3 , 5 J(CH 20 H) 2 , o.p. 190® (20 mm.). 
o^a-Diamino-mesitylene, CHaC 4 H 2 (CH 2 NIl 2 ) 2 , b.p. 268® {Landau^ Ber. 25, 3017). 
Mesitylene-glycerol, meaicerin, C 6 Ha[ 1,3,5] (CH 20 H)a, a viscous liquid (Ber. 16, 
2509). 

c-Di-a-hydroiQrethyl-benzene, C 6 H 4 (l, 2 ][CH(OH)-CHaja, is a yellow oil, 
formed by the action of methyl magnesium iodide on o-phthalaldehyde. When 
boiled with dilute hydrochloric acid, it is converted into the oxide, Ifi-diineihyl- 
phlhalan, b.p. 122 ® (50 mm.) (Nelken, Ber. 41, 986). p-Di-a-hydroxyethyl- 
benzene, C 4 H 4 [CH(OH)CH 3 ] 2 , is a liquid, obtained from p-diacetyl-benzene 
(Ingle^ Ber. 27,2527). o-, m-^ and p-Di-(a-oxalkyl)-benzenes have been prepared 
by the action of alkyl-magnesium iodides on phthalaldehydes (Deluchat, C.r. 190, 
438). 

a,a-Dimethyl-, -diethyl-, and di-isopropyl-o-xylylene alcohols, HOCH 2 *- 
C 6 H 4 CR 2 OH, m.p. 64®, 82®, and 108®, respectively, are formed by the action of 
the alkyl magnesium halides on phthahde (p. 376). They readily lose water and 
become oxides, known as phthalans (Ludwig^ Ber. 40, 3060). 

Hydroxy•‘rn-xylenols are often found, together with monohydric phenol-alco¬ 
hols, among the reaction products of formaldehyde and sodium hydroxide 
with phenols (Aiiwers, Ber. 40, 2539), e.p., ^ 6 -dimethylol-p-cre 8 ol, hydroxy- 
mesitylene-glycol, HO[l]C 6 H 2 [ 4 ]CH 8 [ 2 , 6 ](Cn 20 H)f, m.p. 130.5®, from p-cresol 
(Ulhnann, Ber. 42, 2^9). 

p-Di-/3-hydroxyethyl-benzene, C 6 H 4 (CH 2 CH 20 H) 3 , m.p. 86®, obtained from 
p-phenylene-diacetic ester (p. 395) by the method of BouveauU and Blanc gives 
p-divinyl-benzene (p. 447) with caustic potash (C. 1931, H, 427). p-Di-a- 
hydroxyisopropyl-benzene, C 4 H 4 (C OH[CHa] 2 ) 2 , m.p. 142-143®, obtained by the 
action of methyl magnesium iodide on methyl terephthalate, similarly gives p- 
di-isopropenyl-hemene^ by the action of potassium bisulphate, water being elimi¬ 
nated (Bogert, Am, 41, 1676). 

There are nine classes of oxidation products derived from those dihydric aro¬ 
matic alcohols in which the hydroj^l groups are attached to different side chains, 
corresponding to the nine classes of derivatives of aliphatic glycols. 


2. Aldehyde Alcohols' 


In this^^Qug, the reduction products of phthalide, hydrophthalide, 

C«H 4 < , a thick liquid, soluble in water, and of dimethyl-phthalide, 

\[ 2 ]CH—OH 

/[ 1 ]C(CH,)^ 

dimethyl-hydrophthalide, CeH 4 < >0, m.p. 89®, should be mentioned 

\CH(OH)--^ 


(Kothe, Ann. 249, 61). 

Phenol-aldehyae-alcohols are obtained synthetically by the action of formalde¬ 
hyde and hydrochloric acid on phenol-aldehydes. Thus o-hydroiylaldehydo-p- 
benzyl alcohol, H0[l]CH0[2](;«Ha[4JCH20H, m.p. 108®, is obtained from sali- 
cylaldohyde (Stoermer, Ber. 34, 2455). 6-(j9-Metl^laminoethyl-)methyl- 
vanillin, lodal, (CH|0)al3,4]CfHa[l]CH0(6]CH,CH2NHCH,, m.p. 123-124®, is 
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an oxidation product of laudanosine, and has been prepared synthetically from 
homoveratryliunine by methylation and formvlation. It brings about contrac¬ 
tion of the uterus, ana has important uses in obstetrics (Buck, Am. 52, 4119). 


3. Aromatic Dialdehydes 


The three phthalic aldehydes, corresponding to the three phthalic acids, are pre¬ 
pared from xylylene tetrachlorides or tetrabromides by the same reaction as that 
used to convert benzylidene chloride into benzaldehyde (p. 264), ^ heating with 
water or potassium oxalate. Their tetra-acetates^ C6H4[CH(OCOCH3)2l2, are 
obtained when the three xylenes are oxidised by a mixture of acetic anhydride and 
concentrated sulphuric acid, or with chromic acid. The o-aldehyde, together 
with o-phthalaldehydic acid (p. 379), is formed by ozonisation of naphthalene in 
acetic acid (Seekles, Rec. 42, 706; 43, 93). Terephthalaldehyde has been pre¬ 
pared from p-xylylene bromide by the action of lead nitrate (Wegseheider, Mo. 33, 
999), and from p-xylylene tetrabromido (Ruzicka, Helv. 15, 1220). When o- 
phthalaldehyde is treated with ammonia, and the liquid acidified, an intense dark 
violet coloration is produced (Thiele, Ann. 311, 363). o-Xylylene tetrachloride, 

/CH:N 

or better tetrabromide gives phthalazine, C«H 4 <. I , with hydrazine (Gabriel, 

^CH:N 

Ber. 28, 1830). 

o-Phthalaldehyde, m.p. 56®; dioxime, see below. 

Isophthalaldehyde, m.p. 89®; dioxime, m.p. 180® (Thiele, Ann. 347, 109). 

Terephthalaldehyde, m.p. 116®; dioxime, m.p. 200® (Kobek, Ber. 16, 2996). 


For the condensation of phthalaldehydes with dimethylaniliuo, see Weitz, Ann. 418, 
1. Condensation products of terephthalaldehyde with 2 mols. of aryl-monamines 
form liquid crystals ( Vorldnder). 

0 -, W-, and p-Xylylene tetrachlorides, C«H 4 (CHCl 2 ) 2 , wiiich correspond to the 
phthalaldehydes, are obtained by heating the xylenes at 150-190® with phosphorus 
pentachloride: o-, m.p. 89®, b.p. 273®; m-, b.p. 273®; p-, m.p. 93°. o-, w-, 

and p-Xylylene tetrabromides, CeH 4 (CHBr) 2 , m.p. 116®, 107°, and 169®, respec¬ 
tively, arc formed by heating the three xylenes with bromine (Thiele, Ann. 347, 
107). 

Formaiion of heterocyclic compounds from o^phthalaldehyde, (1) Concentrated 
alkalis give phthalide; (2) it condenses with acetone or benzophenone to give /3- 
acetyU or fi-henzoyl-hydrindone; (S) with phenylhydrazine hydrochloride, 
phenyUphthalazonium chloride is formed; (4) with hydroxylamine, phthalimid- 
oxime is formed: 


yCHOIl] 

CeH4< 

\CHO[2] 



(/) 


( 3 ) 

(4) 


Mesitylene trialdehyde. CftH8(CHO)s, m.p. 94®, is obtained as a hexacetate by 
the action of chromic acid and acetic anhydride on mesitylene (Bielicki, C. 1908, 
I, 1623). 

HYDROXY-DIALDEHYDES are produced by Reimer's reaction (p. 343) to- 
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gether with, and from, hydroxy-mono-aldehydes. Thymol-dialdehyde, HO»- 
C^H(CH,)(C«H7)(CH0)2, m.p. 79^ Re8orciiiol-2,4-dialdehyde, (HO)2CeH2- 
(CHO)a, m.p. 127® {Tiemann, Ber. 10, 2212; 12, 1003: Baker^ J. 1932, 
2876). a-and jS-Orcinol-dialdehydea, (HO)2C«H(CHi)(CHO)2, m.p. 118® and 
168® (TiemanUj Ber. 12 , 1003). a- and /S-Hydroxy-isophtiialaldehydes, (HO)- 
[4]C6H»(CH0)2 and (HO)[2]CeHj(CHO)j^ m.p. 113® and 125®, are obtained by 
reduction of p- and o-aldehydo-salicylic acids (WeiL Ber. 55, 301). 4-Hydroxy 
5-methozy-isoph1halaldehyde, H0[4]CH*0[51CeH2{l,3] (CHO)2, m.p. 119-121®, 
is obtain^, together with vanillin and isovanillin by the action of chloroform and 
caustic potash on guaiacol. Its methyl ether, m.p. 124®, is obtained by treating 
it with dimethyl sulphate (Koetachei, Helv. 13, 482). Hydroxy-uvitic aldehyde, 
HO(CHi)[2,5]G6H2[l,3](CHO)2, m.p. 133®, colourless needles, is obtained by 
oxidising hydroxy-mesitylene glycol (p. 373) (Ullmann, Ber. 42, 2345). 


oxidising hydroxy-mesitylene glycol 


133®, colourless needles, is obtained 
373) {Ullmann, Ber. 42, 2345). 


4. di- and tri-Ketones and Hydroxyketones 

While only one acyl group can be introduced into benzene by the aluminium 
chloride synthesis, p-^iacetyl-benzene. C6H4ll,4] (COCH 3 ) 2 , m.p. 114®, has been 
obtained by the action of dilute sulphuric acid on terephthalyl-dimalonic ester 
{Ingle, Ber. 27, 2527); it has also been obtained by the action of methyl magne¬ 
sium iodide on terephthalic nitrile {Pfeiffer, Ann. 460, 138), and by ketonic 
hydrolysis of terephthalyl-ftis-acetoacetic ester {Bogert, Ac. Wash. 10, 426). 
Diethyl-terephthalyl, C«fi 4 (COC 2 H 6)2 (?), m.p. 220°. d^7n-Triacetyl-benzene, 
CftHji 1,3,5] (C0CH8)3, m. p. 163®, is formed from formyl-acetone, ring closure 
occurring with formation of the benzene nucleus. 

Benzene homologues, with methyl groups in meta-positions, on the other hand, 
can readily be converted into ketones by means of aluminium chloride, the 
acetyl-groups entering between the methyl groups. In this way durene and iso- 
durene are obtained from mesitylene. Diacetyl-m-xylene, CsH 2 (CHi )2 (C0CH8)2, 
m.p. 108° (Ger. Pat. 515,540); diacetyl-mesitylene, C«H(CH 3 ) 8 (COCH 3 ) 2 , m.p. 
46^, b.p. 310®; diacetyl-durene, m.p. 178°, b.p. 323-326°; diacetyl-isodurene, 
m.p. 121°, b.p. 312-317® {Baum, Meyer, Ber. 28, 3213; 29, 1413, 2564). 

2,4-Diacetyl-phenol, C«H3[l]OH[2,4I(COCH,),, m.p. 90-91®, is prepared 
from p-, or better o-acetyl-phenyl acetate, by rearrangement with aluminium 
chloride (.WUlig, J. pr. 130, 81). _ Diacetyl-resorcinol. (CH»CO)![l,5]C.Hj[2,4]- 
(OH)., m.p. 1^°, has been obtained by the action of zinc chloride on resorcinol 
and acetyl chloride (Heller, Ber. 45, 418), and from resorcinol diacetate by the 
action of ferric chloride, a Fries change occurring (Baker, J. 1934, 71). 1,3- 

Diacetyl-2,4-dihydroi7-benzene, mjj. 177° (Wittig, Ann. 446, 184). Diacetyl- 
pyrogallol, gcUlo^iacetophenone, C6H(OH)j[lj2,3](COCHj)2[4,5] or (4,61, m.p. 
190-191°, is formed by heating pyrogallol triacetate with zinc chloride (Heller, 
Ber, 45, 2391). Triaceto-pbloroglucinol, (CH 3 CO)jC»(OH)j, m.p. 1.56°, is 
better regarded as a triketo-cyclohexane derivative (Heller, Ber. 42 , 2736; 
45,2389,2391). 


5. Hydroxy-alkyl Carboxylic Acids 

HYDROXYMETHYL-BENZOIC ACIDS. The three possible 
isomers have been prepared. They are isomeric with mandelic acid 
and hydroxy-toluic acids. o-Hydroxy-methyl-benzoic acid readily 
forms a y-lactone, pkthalide; this, and meconine, were the first 
lactones to be prepared. 

/COOH[l] 

o-Hydroxymethyl-benzoic acid, C 6 H 4 <; , melts at 120® 

\CH*OH[2] 

with loss of water and formation of phthalide. It can be re¬ 
obtained from the latter by dissolution in aqueous alkali and pre¬ 
cipitation with mineral acid. It is also formed from o-chloromethyl- 
benzoic acid by the action of moist silver oxide. 
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/CO[l]. 

Phtfaalide, o-hydroxymethyUhenzoic lactone, CsHk >0, 

\CH[2]/ 

m.p. 73-74®, b.p. 290°, was first obtained from o-phthalic acid. It 
is formed: (1) by heating o-hydroxymethyl-benzoic acid with water 
{Hjedtf Ber. 25, 528); (£) by reduction of phthalyl chloride with zinc 
and hydrochloric acid (Herners, Ber.* 10, 1443); (S) by reduction of 
phthaUc anhydride with zinc dust and acetic acid, or nickel and 
hydrogen at 200° (WislicenuSy Ber. 17, 2173; Godchoij Bull. 1, 829) 
or under pressure (Ger. Pat. 368,414); (4) by the action of bromine 
on o-toluic acid at 130-140°; and (5) by boiling «ym-xylylene di¬ 
chloride with lead nitrate solution. Methods of preparation are: 

[6) the decomposition of nitroso-phthalimidine (obtained from 
phthalimide, see below) by caustic potash (Graebe, Ann. 247, 291); 

(7) the action of hydrochloric acid at 100° on o-cyanobenzyl chloride 
in acetic acid {Cassiver, Ber. 25, 3021); (8) by heating phthalide- 
carboxylic acid (p. 439) (Graebe, Ber, 31, 394) and (8) by slowly 
adding phthalimide to a cooled suspension of zinc dust in caustic 
soda (Reissertf Ber. 46, 1489). 


Phthalide is oxidised by permanganate to phthalic acid, and reduced by sodium 
amalgam to hydrophthalide (p. 373), and by hydriodic acid to toluic acid, ft 
combines with benzene in the presence of aluminium chloride, to form o-benzyl- 
benzoic acid, m.p. 114® (p. 522) (King, Am. 49, 562); c/. phthal-aldehydo-acid 
(p. 379), phthalic acid, and w-cyano-o-toluic acid. Phthalide adds on phenyl- 
hydrazine and hydrazine hydrate (Ber. 26, 1273; 33, 766) the lactone ring open¬ 
ing with formation of o-hydroxymethylene-benzohydrazide (Teppema, Rec. 42, 
30). 


Many derivatives of o-hydroxymethyl-benzoic acid are known, and many 
readily give heterocyclic compound^ like the parent acid. 

o-ChloromeUiyl-benzoic acid, ClC;Hs[ 2 ]CeH 4 (l]COOH, m.p. 131®, is formed 
from phthalide chloride and water, with the loss of hydrogen chloride. Its ethyl 
ester, b.p. 141® (12 mm.), is obtained similarly from phthalide chloride and ethyl 
alcohol. Its chloride, phthalide chloride, ClCH 2 [ 2 lCeH 4 COCl, b.p. 135® (12 
mm.), is formed by the action of phosphorus pentachloride on phthalide at 55- 
60®, and gives anihranol when acted upon by benzene and aluminium chloride. 
Amide, C1CH2[2]C6H4C0NH2, m.p. 190® (decomp.), is obtained by passing dry 
ammonia into a solution of phthalide chloride in ether, or by the action of con¬ 
centrated sulphuric acid on its nitrile. Anilide, ClCH2l2]CeH4CONHC6H5, m.p. 
115® (Kiel, Diss. Bonn. 1896). 

o-Chloromethyl-benzonitrile, C1*CH2[2]C«H4CN, m.p. 252®, is prepared by 
passing chlorine into boiling o-tolunitrile (Gabriel, Ber. 20, 2222). The corre¬ 
sponding o-cyano-benzyl alcohol, HOCH 2 C«H 4 CN, is not known in the free state, 
but its ethers have been prepared (Cassirer, Ber. 25, 3018). 

.[ifCCk 

Phthalimidine, C«H 4 <^ _ 




►NH, m.p. 150®, b.p. 337®, is obtained by heat- 


i2]CH, 

ing phthalide in a current of ammonia, by reduction of phthalimide with tin and 
Iwdrochloric acid, and by the action of hydrochloric acid on o-cyano-benzylamine. 
Nitroso-phthalimidine, CgHsON^NO, m.p. 156®. Pseudophthalimidine, 
y[llC^=NH 

CdHi^^ ^CIV^* formed when o-chloro-methyl-benzamide (see above) 

is heat^ at 130-140®, and from phthalide chloride (see above) by the action of 
alcoholic ammonia. Its hydrochloride decomposes in aqueous solution, even in 
the cold, into ammonium chloride and phthalide (Gabriel, Ber. 32,2732). 

Al]CO^ 

PhihaUde-anil, phenyl-phthalimidine, ^NCeHs, m.p. 160®, 
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is obtained from phthalide and aniline at 200-220’’) by reduction of phthalanil with 
tin and hydrochloric acid, by distillation of o-chloromethvl-benzanilide under 
reduced pressure, and by boiling o-cyano-benzylaniline with aqueous potassium 
carbonate. 

o-Cyano-benzylamine, NH2‘CH2[2JC6H4CN, is a colourless oil, which solidi« 
fies to a crystalline mass, and has b^n obtained by the action of potassium- 

C hthalimide on o-cyano-benzyl chloride (Gabriel, Ber. 31, 2738). N-Diethyl- 
enzylamine-o>carbozylic acid, 

Ann. 300, 

105®; o-cyano- 
pr. 80, 102). 

/lUCOv 

Thiophthalide, CeH 4 <r >S, m.p. 60®, and aeleno-phthalide, 

N2]CH/ 

C 6 H 4 <^ >Sa, m.p. 58® »(Crrae6e, Ann. 247, 299). Thio-phthalimidine, 

^[2]CH2^ 

/CHa-. 

C 6 H 4 <f or o-cyano-benzyl-mercaptan, CeH 4 (CN)CH 2 SH, m.p. 62®, is 

obtained from o-cyano-benzyl-thiocyanate. C*H 4 (CN)CH 2 SCN, m.p. 86®, by the 
action of sulphuric acid, and from o-cyano-nenzyl chloride by the action of potas¬ 
sium hydrosulphide; with an excess of the latter, dithiophthalide, C 6 H 4 <^^^^^S, 

m.p. 68®, is formed, which easily loses hydrogen sulphide and becomes a stilbene 
derivative (Gabriel^ Ber. 31, 2646). 

Phthalides substituted in the benzene residue are also known, most of them ob¬ 
tained from substituted o-phthalic acids. The following may be mentioned: 
/[l]CO-y 

p-nitrophthalide, N02C6Ha<( >0, m.p. 135®, prepared by oxidising «- 

^[2]CH2'^ 

iiitro-naphthalene with chromic acid in acetic acid (Ann. 202, 219); p-hydroxy- 
/[IJCO-v 

phthalide, nO-C6Hj<; >0, m.p. 222® (Ann. 233,235), from p-hydroxy- 

o-phthalic acid. p-Amino-phthalide, m.p. 194®, is obtained by the action of zinc 
dust and caustic soda on p-amino-phthalimide; this lactone gives p-amino-o- 
hydroxytnethyl-bcnzoic acid when treated with ammonia. The last-named acid 
has two melting points, 182® and 193® (Levy, Stephen, J. 1931, 869, 871). 

/[l]CO^ 

Meconine, 5,6-dimethojqr’phthalide, (CHiO)2[5,6]CeH2<' >0, m.p. 

^[2]CH2'^, 

102®, is the lactone of meconinic acid, which is stable only in the form of its ^Its. 
The name is derived from poppy, Meconine occurs in opium, in which it 

was discovered by Couerbe in 1^2, and is formed when narcotine is boiled with 
water (Wbhler, Liebig, 1942). It is obtained from its aldehyde-acid, opianic 
acid (p. 381), in the same way as phthalide from phthalic aldehydro-acid. i.e., 
by reduction with sodium amalgam, followed by precipitation with an acid 
was the first lactone known. 


It 


/ll]CO^ 


yo 

\2]Clh^ 

Phthalide 


\[2]COOH \[2]CH,/ 

Phthalaldehydio acid Meconine 

/CHO 

(CH,0),C,H,< 

^COOH 

Opianio acid 

It was first synthesised by Fritseh (Ann. 301, 359), who started with the conden¬ 
sation product of chloral and 2,3-dimethoxybenzoic ester, dimethoxy4riehloro~ 


.[IICO- 



378 


HYDROXY-ALKYL CARBOXYLIC ACIDS 


methyl^hthalide, treated with alkali, 

an acid is obtained which yields meconine on heating. Edwards and Perkin, Jr. 
(J. 127, 195) have prepared it from o-veratric acid. Potassium cyanide removes 
the two methoxy-groups from meconine, and two isomeric hydroiqr-methoxy- 
phthalides are formed with m.p. 124-126®, and 87-88® {Rodinow, Ber. 66, 1625). 

^-Meconine, 3,4i-ditnethoxy-phthalide, (CH80)2[3,4]C6H2<^ yO, m.p. 

' [2] CH 2 

132®, is obtained from hemipinimide in the same way as phthalide from phthal- 
imide. 

\ /[l]CO-v 

m-Meconine, 4,5-ditmthoxy-phtJialide, fCHaO)j[4,6]C8H2<f yO, m.p. 

156-167®, is prepared by the action of formaldehyde on w-veratric acid (Arch. 
Pharm. 271, 292). It gives hemipinic acid, m.p. 203® (decomp.), when treated 
with permanganate {Edwards, J. 127, 195). 

4-Hydroxy-3,5-dimethoxy-phthalide, HO[4] (CH80)2[3,51C«H<( ^O, 

^CH2[2]/ 


/CO[l]-v 

m.p. 144®, and 3,4,5-trimethoxy-phthalide, (CH 3 O) [3,4,5]C 6 H<^ ^ ^O, 

011*2 [ 2 ] 

m.p. 135-136®, are obtained from the corresponding carboxylic acids; the 
second of the above compounds is also obtained by the condensation of methyl 
trimethyl-gallate with chloral hydrate in the presence of sulphuric acid, followed 
bv hydrolysis and removal of carbon dioxide {Bargellini, Lincei 21, II, 146; 
Alimchandani, J. 117, 964). 

/CO[l]v 

a-Methyi-phthalide, C«H 4 <r X>, b.p. 275®, is obtained by reduction of 

^CH[2]'^CH8 

aceto{)henone-o-carbo5p^lic acid (p. 382) with sodium amalgam, and by the action 
of methyl magnesium iodide on o-phthalaldehydic acid {Simonis, Ber. 38, 3981). 
It is reduced by hydriodic acid and phosphorus to o-ethyl-benzoic acid, a- 
Ethyl-phthalide, m.p. 12®, b.p. 291®, is prepared in a similar manner {Giebe, 
Ber. 29, 2533; Gottlieb, Ber. 32, 960). 

/CO-V 

a,a-Dimethyl-phthalide, CeH 4 <r yO, m.p. 67®, b.p. 270®, is formed in 

^C(CHa)2r 

the action of methyl magnesium iodide on phthalic anhydride {Bauer, Ber. 37, 
735). Diethyl, dipropyl, and di-isopropyl-phthalides, m.p. 54®, 76®, and 84®, are 
obtained in a similar manner {Bauer, Arch. Ph. 247, 220). 


o-/3-Oxyethyl-protocatechuic lactone, 


^[l]CO*0 

C8li2(OH)2< T , 

\[2]CH2*CH 


is closely re¬ 


lated to a number of alkaloids, such as corydaline, berberine, etc. 

m-Hydrozyrmethyl-benzoic acid is only known as the alcoholic anhydride, 
0[CH2[3]C6H4C00H]2, m.p. 180®, obtained from w-cyano-benzyl chloride. 
Cl• CH2[3]CeH4CN, m.p. 67®, b.p. 259®. The latter is obtained by the action of 
chlorine on m-tolunitrile. w-Chloro-m-toluic acid, m.p. 136®. m-Benzyl-amine- 
carboxylic acid, NH2*CH2[3]C6H4*COOH, m.p. 216®; ?7i-cyano-benzylamine, 
NH2CH2[3]CeH4CN {Ehrlich, Ber. 34, 3367). 

p-Hydroxymethyl-benzoic acid, HO-CH2[4]C8H4COOIL m.p. 181®, is ob¬ 
tained (/) from p-bromomethyl-benzoic acid. Br*CH2[4]C®H4C;OOH {Dittmar, 
Ann. 162, 342; Case, Am. 47, 1143), and {2) from terephthalaldehyde, by the 
action of concentrated caustic soda ( Loew, Ann. 231,372). ^-Cyano-benzyl-alco- 
hol, H0CH2[4]C«H4CN, m.p. 133®, is obtained by the action of potassium car¬ 
bonate on p-cyanobenzyl chloride, m.p. 79®, b.p. 263®. p-Chloromethyl-benz- 
amide, CH2C1[41C6H4C0NH2, m.p. 173®. p-Chloromet^l-benzoic acid, 
CH2Cl[4]CfH4COOH, m.p. 199® {Beinglass, Ber. 24, 2416). For benzyl-amino* 
p-carboxylic acid, yellow flakes, diethyl-bena^lammo-p^carboxylic acid, m.p. 
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150® (GUnther, Ber. 23, 1060) and p-cyano-benzylamine, see Einkom^ Ann. 
310, 207, and Ehrlich. Ber. 34, 3368. 

p-Chloromethyl-salicylic acid, ClCH 2 t 4 ]C*H 3 lllOH[ 21 COOH, m.p. 163®, is 
obtained from salicylic acid and formaldehyde by the action of hydrochloric acid 
(Ger. Pat. 121,061). 

m- and p-HYDROXY-ISOPROPYL-BENZOIC ACIDS, (CH 3 ) 2 C(OH) •CeH 4 - 
COOH, m.p. 123® and 156®, are formed when w-and p-cymenes are oxidised with 
permanganate {Wallach, Ann. 275,169); the p-acid is also obtained from cuminic 
acid (p. 293). 3 -Amino- 4 -hydroi 7 -isopropyl-benzoic acid, which is derived from 
the p-acid, condenses with carboxylic anhydrides to give cumazonic acifh. 

6 . Aldehydic Acids 

o-Phthalaldehydic acid, and 6 , 6 -dimethoxy-o-phthalaldehydic 
acid, opianic acid, are the most important aromatic aldehydo- 
carboxylic acids. The aldehydo-group occupies the 'y-position to the 
carboxyl group in these acids, and, like the aliphatic 7 -keto-acids 
(laevulic acids, Vol. I, p. 477), they form mono-acetyl derivatives. 
A 7 -hydroxy-lactone formula lLid)ermann, Ber. 19, 765, 2288) is 
therefore more probable than a carboxylic acid formula. It is a case 
of ring-chain tautomerism. 


O 



Laevulinic acid o>Phthalaldehydio acid 


Substituted o-aldehydic acids have been prepared from naphthalene deriva¬ 
tives (Chakravarti, Indian J. 10 , 693). Mono- and di-hydroxy-aldehydic acids 
have been obtained from mono- and di-hydroxy-oarboxylic acids by the action of 
chloroform and alkali (Tiemann, Ber. 12, 1334; Fiirth^ Bor. 16, 2182). 

Two series of esters have been prepared from opianic acid. These are regarded 
as carboxylic, and 7 -hydroxylactonic esters, respectively. With methyl 
alcohol, the methyl ether of hydroxy-phthalide is formed, and wdth methyl alco¬ 
hol and a little concentrated sulphuric acid, the normal methyl ester is obtained 
^{Meyer, Mo. 25,497). The ^-esters of o-jjhthalaldehydic acid change into normal 
esters wdien treated with hydrochloric acid; the ^-chloride gives the ^-ester on 
heating with methyl alcohol and potassium carbonate, and the normal oily ester 
when heated with methyl alcohol alone {Kirpal, Ber. 62, 2106). 

The behaviour of the oxime-anhydrides of opianic acid and phthalaldehydic 
acid at higher temperatures is remarkable. They change, with considerable evo¬ 
lution of heat, into phthalimides. In the case of the former compound, o-cyano- 
benzoic acid is formed intermediately, and is converted into phthalimide on 
fusion. The heats of combustion of opianic oxime anhydride and of hemipinimide 
have been determined. The heat liberated by the rearrangement of the former 
into the latter is 52.6 kg.-cal. per g.-mol., which is ten times the molecular energy 
of rearrangement of allocinnamic acid into cinnamic acid, and eight times that of 
maleic into fumaric acid (Liehermann, Ber. 25, 89). 

o-Phthalaldehydicacid, m. 100-5®, formula above, is obtained: (1) by heating 
bromo-phthalide (see below) with water; by heating w-pentacbJoroxylene, or 
(3) cyano-benzal chloride with hydrochloric acid {Gabriel, Ber. 20, 3197); (4) 
t<^etner with o-phthalaldehyde by the ozonisation of naphthalene in acetic acid 
{tSeekler, Rec. 43, 329); (6) by heating phthalonic acid, an oxidation product of, 
naphthalene (p. 440) with an aq. solution of a bisulphite {Graeb^ Ber. 31,374) 
or ( 6 ) by converting phthalonic swjid into its dianilino-compound. This on heatii^ 
gives carboxy-benzal-aniline, and by subsequent hydrolysis, o-phthalaldehydic 
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acid; the best methods of preparation are 5 and d (Fi4<on, Am. 48,1093). Phthal- 

y[l]CO—NH 

aldehydic acid gives: with hydrazine, phthalazone, CeH 4 < I . m.p. 

\[21CH«N 

184-185®; with phenyl-hydrazine, phenyUphtkalazone, m.p. 105® (Ber. 26, 531); 

< CH • COOH 

3o ’ ^ ^ 

150® (Seekler, loc. cit.); with hydroxylamine in water, benzaldozime-o-carboxylic 
acid, m.p. 120®, and in alcohol, benzaldozime-o-carboxylic anhydride, which 
melts at 145® with rearrangement into o-cyano-benzoic acid. In this rearrange¬ 
ment a considerable amount of heat is evolved. At a still higher temperature, 
the substance changes into phthalimide (Idehermann^ Ber. 26, 3264). 




(IJCOOH 

[2ICH=NOH 


/[IJCOO 

_L 


't2]CH:N 


C,H4<^ 


[IICOOH 

(2]C^ 


C,H4< >nh. 
\(21CO/ 


With benzoyl-hydrazine and jS-phenyl-hydroxylamine, aldehyde derivatives 
are the first products (Biatrzycki^ Ber. 34, 1017). For condensation products 
with phenols and phenol ethers, see Brubaker, Am. 49, 2279). 

Bromo-phthalide, phtkaMdehydic bromide, m.p. 85®, produced by the action of 
bromine vapour on phthalide at 140®, reacts with methyl alcohol to give «- 
methozy-phthalide, rnethyl-<ildehydovhihcdai€, m.p. 44®, and with ethyl alcohol to 
give a-etiioxy-phthalide, m.p. 66®. With ammonia, bromo-phthalide giv(js 
amino-phthalide^ phthalaldehydamide. 3-Chloro-a-hydrozy-phthalide, 

Cl(3]CfHj< >0, m.p. 138®, has been obtained from 3-chIoro-o-toluic 

\[2JCH0H/ 

acid, m.p. 91.5®. by treatment with bromine, followed by heating with dilute 
sodium acid, hydroxide {Ullrich, C. 1931, 1, 1103). Phthalaldehydic-acetic an¬ 
hydride, acetoxy^phthalide, is prepared by the action of acetic anhydride on 

✓flJCOv /COv 

phthalaldehydic acid. Diphthalide ether, CeH 4 V yO OC ^C«H4, 

m.p. 221®, is obtained from o-phthalaldehydic acid and bromo-phthalide. or by 
heating it alone at 240-250® (Graebe, Ber. 31. 371), Just as phthalaldehydic 
acid itself can be formulated in two ways (see above), so its derivatives can also 
be formulated as acids, or as lactones (pse^o-derivatives): 


yCOOCH,[l] 

‘\CHO[21 

/[llCONHa 

C,H4< 

\[21CHO 

yCOUly 

CJl4< >0 

\CHI2i<i~OCH, 

Methoxyphthalide 

\[2]CH<-NHj 

A niinophtbalide 

/[llCOBr 

C,H4< 

\[2]CHO 

/UlCOOCOCH, 

C.H4< 

\12]CH0 

\[2]CH^Br 

Bromophthalide 

\I2]CHA)C0CH, 

Aoetoxyphthalide 


The carbo3^1ic anhydride formula is unlikely to be correct for acetoxy-phthalide 
and diphthalide ether. 
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Phthalaldehydic acid, and opianic acid, react very readily with amines, even in 
the cold, water being eliminated. Some of the compounds formed dissolve with 
difficulty, and others readily in aqueous sodium carbonate. The former are 
derived from the amino-phthalide formula, and the latter from the imino-alde- 
hydic acid formula {Liebermann^ Ber. 29, 174, 2030): 

/[l]COv /[l]COOH 

C.H 4 < >0 and C»H 4 < 

\ [2] CH^ NHR \[2] CH-=NR 


a-HydroiQr-phthalimidine, 


/CHOHv 

C 6 H 4 <f yNH, m.p. 171-172®, is formed by 

\co - / 


the reduction of phthalimide with zinc dust and sodium hydroxide. 

raXHALALDEHYDE CHLORIDES. o-Dichloromethyl-benzoic acid, co- 
dichloro-o-toluic add, CHCl 2 [ 2 ]C 6 H 4 COOH, m.p. 155®. The chloride of this 
acid, m.p. 155-157® (28 mm.), is prepared by clilorinating o-toluic chloride at 
150®, or by treating phthalide with phosphorus pentachloridc at 210®. Its amide 
melts at 180®, turning black, and its anilide at 129® (decomp.) {Kaliwinkel, 
Diss. Bonn, 1914). o-Phthalaldehydic acid pentachloride, u)-pentachloro-(hxyleri^, 
CHCl2[2]C6H4CClj, m.p. 53®, is formed by the action of phosphorus penta¬ 
chloride on o-xylene at 140®. o-Cyano-benzal chloride, CHCl2[2]CeH4CN, b.p. 
260®, obtained by the action of chlorine on boiling o-cyano-toluene, rives first 
o-cyano-benzaldoxime, and then o-cyano-henzamide, when treated with hydroxyl- 
amine {Braun, Ber. 40, 2709). 

Noropianic acid, (HO) 2 C 6 H 2 (CHO)COOH, m.p. 171®, is formed, together with 
iso-vanillin and carbon dioxide, when opianic acid is heated with nydriodic acid. 
It gives a bluish-green colour with ferric chloride. 

Opianic acid, (CH*0)2(5,6]C6H2[2](CHO)COOII, m.p. 150®, was discovered by 
Wdhler and Liebig in 1842 (Ann. 44, 126). They obtained it by oxidising nar¬ 
cotine with manganese dioxide and dilute sulphuric acid. When reduced it gives 
meconine. and when oxidised, hemipinic acid. When heated with water under 
pressure (^150-200®, 20 atm.), it is converted into isovanillin (Schorigin, Ber. 64, 
247). When its solution in caustic potash is evaporated, it is converted partl}'^ 
into meconine and partly into hemipinic acid, a Cannizzaro reaction, like the 
disproportionation of benzaldchyde to benzyl alcohol and benzoic acid. It con¬ 
denses with nitromethane giving a-nitromethyl-meconine, 

(CH80)2[5,6]C6H5/^^^ ,m.p. 166-167® (J^odionoi;, Ber.57,1442). 

\[2]CH^-CH2N02 

When heated with hydrochloric acid, 5-methoxy-6-hydroxy-phthalaldehydic acid, 
methyl-noropianic add, (CH 30 )[ 6 ](HO)[ 6 ]CeH 2 (CHO)COOH^ m.p. 155-156^ 
{lAebermann, Ber. 30, 691), is first formed, but loses carbon dioxide giving iso- 
vanillin. Concentrated sulphuric acid converts opianic acid into rufiopin, a 
tetrahydroxy-anthraquinone derivative (p. 665). 

The reactions of opianic acid with hydrazine, phenyl-hydrazine, and hy- 
droxylamine are similar to tho.se of phthalaldehydic acid (p. 379). Dimethoxy- 
phthalazone, optozone, m.p. 162® (anhyd.) (Ber. 27, 1418). Phenyl-opiazone, 
m.p. 175® (Ber. 19, 2518). Opianoximic acid, m.p. 82®, becomes opianoximic 
anhydride, m.p. 114®, simply on boiling with water. When this anhydride is 
heated alone or boiled in alcoholic solution it is converted into hemipinimide 
(p. 389) (AUendorff, Ber. 24,3264). 

Eaters .—^There are two series of esters. The true carboxylic esters are stable in 
water, and give the characteristic reactions of aldehydes. They are formed by 
the action of alkyl iodides on potassium or silver opianate, by the action of alco¬ 
hols on opianic chloride, and by the action of diazomethane on opianic acid. The 
other senes, 7 -hydroxy-lactonic, or ^-esters, are obtained by boiling opianic acid 
or its chloride, m.p. 94®, with alcohols. Methyl opianate, (CH 20 ) 2 C 8 H 2 (CH 0 )- 
COOCHi, m.p. 82®, b.p. 233® (51 mm.). Ethyl opianate, m.p. 64®. Benzyl 
opianate, m.p. 82-^®. Methyl i^-opianate, m.p. 105®, b.p. 238® (52 mm.). 
Ethyl ^-opianate, m.p. 92®. Bena^l ^-opianate, m.p. 94-95^ {Wegschdder, Mo. 
12 , 111 ; 13,702; 14,311; ^c)ionptn, Ber. 64, 1931L On boiling with alcoholic 
hydrogen chloride, the ^-esters are converted mto the carboxylic estejfs (Kirpal, 
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Ber, (50, 382). When normal benzyl opianate in pyridine is heated at 160®, 7,8- 
dimethoxy^-phenyUiaocoumarin, m.p. 132-133®, is formed, with ring closure, 
✓CH==C • CeHs 

(CH* 0 ) 2 C«H 2 < I (Schorigin, loc. dt,), 

^CO—o 

Acetyl-opianic acid, m.p. 120® (lAebermarm^ Ber. 19, 2288). 3-Nitro-opianic 
acid, m.p. 166®, is most probably a hydroxy-lactone (p. 379), as its affinity 
constant in aqueous solution is very low (Wegscheider^ Ber. 36, 1541); methyl 
ester, m.p. 78®; ^-methyl ester, m.p. 182® {Wegscheider, Mo. 24, 790). On 
reduction it gives dimethoxy-anthranil-carboxylic acid, ^Uizo-opianic acid,*^ 

(CH 20 ) 2 CeH(C 00 H )<^^^^0 (r/. anthranil, p. 278). It condenses with ace¬ 
tone and sodium hydroxide to give acetonyl-nitromeconine, 

.CH(CH2COCH,)v 

(CH 80 ) 2 C 6 H(N 02 ) \ >0, m.p. 175®, and opiano-indigo (Book, 

^CO —-/ 


Ber. 36, 2208). 

Pseudo-opianic acid, (CIl 30 ) 2 [ 3 , 4 ]CftH 2 r 21 (CHO)COOH, m.p. 121 ®, has 
been prepared by boiling berberal, an oxidation product of the alkaloid berberine, 
with dilute sulphuric acid; amino-ethyl-pipcronyl-carboxylic anhydride is a by¬ 
product (Perkin. J. 57, 991). Its oxime, m.p. 124®, undergoes rearrangement 
into hemipinimiae m'.p. 228-230®, on heating (Allendorff, Ber. 24, 3266). 

m-Opianic acid, (CH 80 ) 2 [ 4 , 5 lC 6 H 2 [ 2 ]CHOtl]COOH, m.p. 186-187® is ob¬ 
tained from 3,4-homoveratrol, by converting the latter into 4,5-dimetnoxy-o- 
tolyl-methyl ketone, oxidising this to dimethoxy-phthalonic acid, and making 
the aniline compound of the latter. It can also be obtained from isovanillic acid, 
by introducing a CHO group by Reimer's method, and partially methylating the 
product (Fargher, Perkin, J. 119, 1724; 123, 3171). Normal methyl ester, m.p. 
93-95®; ^-methyl-ester, m.p. 142-143®. 

m-Aldehydo-benzoic acid, isophthcUaldehydic acid, CHOlSJCeHiCOOH, m.p. 
176®. m-Cyano-benzaldehyde, m.p. 80®. r^^-Cyano-benzal chloride, b.p. 274® 
(Reinglass. Ber. 24, 2416, 2422). 

Isoopianic acid, (CH 30 ) 2 l 4 , 5 ]C(Jl 2 [ 3 ]CH 0 [l)C 00 H, m.p. 210-211®, has 
been prepared by Chakravarti and Perkin, (J. 1929, 193) from vanillic acid by 

Reimer’s method, followed by methylation, and from 5-nitro-► -amino- 

-► -cyano-2,3-dimethoxy-cinnamic acid, oxidation to aldehyde, and 

hydrolysis of the CN group. 

p-Aldehydo-benzoic acid, terephthalaldehydic acid, CHO[ 4 ]C 6 H 4 COOH, m.p. 
256®. p-Cyano-benzaldehyde, m.p, 97®. p-Cyano-benzal chloride, b.p. 275® 
(Reinglass, Ber. 24, 2422). For the literature of iso- and terephthalaldehydic 
acids, see Simonis, Ber. 45, 1584. 

When anthranilic acid is acted upon by chloroform and caustic potash, an o- 
aminobenzoic aldehydic acid is obtained (Elliott, J. 77, 212 ). 


7. Keto-carboxylic Acids 


Of the aromatic carboxylic acids containing a keto-group and a carboxyl group 
in different side chains, the most important is o-acetophenone-carboxylic acid. 
Since the CO and COOH groups are in the 7 -position, reactions similar to those of 
o-phthalaldehydic acid are possible (p. 379), and two formulae, one carboxylic 
and the other 7 -lactonic, are equally probable. Its acetyl compound is an acetyl- 
7 -hydroxy-lactone: 


/[IJCOOH /[l]CO 

CeH< or >0 

\I2]C0CH, ^[2]C(0 


[2]C(OH)CH, 


/[I CO 

l•H4< >0 

\[2]C{0 


[2]C(OCOCH,)CH, 


o-Acetophenone-carboxylic acid, o-acetyUhemoic acid. m.p. 115®. is isomeric 
with benzoyl-acetic (p. 429), and with tolyl-^lyoxylic (p. 427) acids. It has a 
sweet taste. It is formed when benzoyl-acetic-o-carboxylic acid is boiled with 
water (Gabriel, Ber. 26, 705: Giebe, Ber. 29, 2533). Acetyl compound, m.p. 70® 
(Gabriel, Ber. 14, 921). Tne acid combines with hydrazine to give a methyl- 
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phthalazone, m.p. 222®, b.p. 247® (Gabriel, Ber. 26, 705), with phenylhydrazine 
to give a methyl-N-phenyl-phthalazone, m.p. 102® (Ber. 18, 803), and with 
hydroxylamine its etriyl ester gives an oxime anhydride, m.p. 158® (Gabriel,^ 
Ber. 16, 1995). 

Fatty acids condense witli phthalic anhydride with elimination of water and 
carbon dioxide to form olkylidene-vhtkalidea, the anhydrides of o-acidyl-benzoic 
acids, which yield the acids on heating with potash, o>Propiophenone>, o- 
butyrophenone, and o-isovalerophenone-carboxylic acid^ m.p. 92®, 89®, and88®, 
have been obtained in this way (Ber. 29,1437; Gottlieb, Ber. 32, 959). 

p-Acetophenone-carbo^lic acid, m.p. 205®, is an oxidation product of p-/3- 
hydroxy-isopropyl-benzoic acid (Meyer, him, 219, 260), and has been prepared 
by electrolytic oxidation of cymene (Fichter, Helv. 8, 285). p-Cyano-aceto- 
phenone, m.p. 60®, is obtained from p-amino-acetophenone. 

Methyl-benzvl-ketone-o-carboxylicacid, COOH[2]C8H4CH2COCH8, m.p. 119®, 
is obtained by boiling methyl-isocoumarin (p. 483) with alkali (Gottlieh, Ber. 32, 
965). Benzyl-acetone-o-carboxylic acid, COOH[2]C6H4[ l]CH 2 *CH 2 *COCHa, 
m.p. 114® (Bulow, Ber. 40, 189). 

8. Polycarboxylic Acids 

In each class of these acids, three groups may be distinguished: 
(a) acids in which all the carboxyl groups are directly attached to 
the benzene ring; (6) acids with some carboxyl groups in the ring, 
and others in side-chains; and (c) acids in which all the carboxyl 
groups are in side-chains; e.g.: 


COOH 
COOH 

Phthalic acids 



/CH2COOH 

CshZ 

^COOH 

Ffomophthalic acids 


yClhCOOH 

CeHZ 

\CH 2 COOH 

Phenylene-diacetic acids 


1, Dicarboxylic Acids 

(a) PHTHALIC ACIDS. The phthalic acids are the ultimate 
oxidation products of all those benzene derivatives which have two 
side-chains attached to the ring. They are, therefore, extremely 
important for the determination of the position of such side-chains 
(p. 9). Their hydrogen addition products, the hydrophthalic acids 
(Vol. II, p. 140) are also theoretically important. As in similar 
cases, the o-acid is distinguished from the m- and p-compounds by 
its ability to form an anhydride, and other cyclic compounds; a 
7 -dihydroxy-lactone formula has been proposed for it, in addition 
to the dicarboxylic formula (cf. the olefine-dicarboxylic acids, Vol. I, 
p. 563). o-Phthalic acid is of importance industrially as a starting 
material in the manufacture of phthalein dyestuffs and of anthranilic 
acid. The relationship between phthalic acids, phthalyl alcohols, 
phthalaldehydes, hydroxy-methyl-benzoic acids, and phthalic alde¬ 
hyde acids, is the same as that between oxalic acid, ethylene glycol, 
glyoxal, glycolic acid, and glyoxalic acid: 


CH2OH CHO COOH 

in,OH (!)ho (!)HjOH 

Glycol Glyoxal Glycolic acid 

XH2OH /CHO /COOH 

C^HZ C«H4< C6H4< 

\CH2OH ^CHO \CH2OH 

Phthalyl alcohol Phthalaldehyde Hydroxymethyl- 

benaoio acid 


COOH COOH 

(!;ho (Ijooh 

Glyoxalic acid Oxalic acid 

/COOH /COOH 

C8H4<; CeH4< 

^CHO ^COOH 

Phthalaldehydic Phthalic acid 
acid 
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.[l]COOH 

Phthalic acidi benzene-o-dicarboxylic acid^ C 6 H 4 V or 

\[2]COOH 

yC(OH)a 

C 8 H 4 <; (Baeyer, Ann. 269, 155), melts at 213® when rapidly 

\co 

heated, with decomposition into the anhydride and water. It is 
produced by the oxidation of naphthalene with nitric acid, perman¬ 
ganate (JJllmann, Ber. 36, 1805), or concentrated sulphuric acid and 
mercuric sulphate (Ger. Pat. 91,202), the last being the best method. 
It is manufactured on a large scale. It is obtained, together with 
benzoic acid by heating naphthols with aqueous sodium hydroxide 
and copper oxide at 240-260® (Ger. Pat. 139,956), from o-xylene, 
o-toluic acid or diphenic acid by oxidation with permanganate or 
dilute nitric acid, and from alizarin and purpurin by the action of 
nitric acid, or sulphuric acid and manganese dioxide. Small quanti¬ 
ties are formed in the oxidation of benzene and benzoic acids. 
Chromic acid cannot be used as an oxidising agent in any of the above 
reactions, as it readily destroys phthalic acid with the formation of 
carbon dioxide (p. 287). It has been prepared synthetically by con¬ 
verting o-nitrobenzoic acid into o-cyano-benzoic acid and boiling 
this with alkali (p. 387). 


History, —Phthalic acid was first obtained by Laurent in 1836, by the oxidation 
of naphthalene tetrachloride. He regarded it as a naphthalene derivative, and 
called it naphthalenic acid (Ann. 19, 38). Marignac established its correct 
formula, C8H«04 (Ann. 38, 13), which showed that it was not a derivative of 
naphthalene. Laurent then called it phthalinic acid (Ann. 41, 107). 

When heated with excess potash, phthalic acid decomposes to give benzene and 
two molecules of carbon dioxide. When one mol. of its calcium salt is heated to 
300-350® with one mol. of slaked lime, only one molecule of carbon dioxide is re¬ 
moved, and calcium benzoate is formed. Sodium amalgam converts phthalic 
acid into di-, tetra-, and hexa-hydrophthalic acids. 

Esters, The behavior of phthalyl chloride (see below) seems to indicate that 
this compound has a lactone structure, with both chlorine atoms attached to the. 
same carbon atom, and hence it was expected that two series of esters would 
exist. This, however, is not the case. The same esters are formed from silver 
phthalate and alkyl iodides, as from phthalyl chloride and alcohols {Graehe 
Ber. 16, 860). Dimethyl phthalate, b.p. 280°; diethyl phthalate, b.p. 288*^ 
(Graebef Ann. 238, 318). The diethyl ester is sometimes used, on account of its 
bitter taste, for denaturising alcohol. These esters condense with ethyl acetate, 
acetone or similar compounds, in the presence of sodium ethoxide to form dikeio- 
hydrvndene derivatives (p. 599). Diphenyl phthalate, m.p, 70° (Schroeder, Ber. 7, 
703; Pawlewski, Ber. 28,108). 

✓COOH 

Hydrogen phthalic esters, CeH 4 \ , are formed when an alcohol, ROH, is 

^COOll 

heated with phthalic anhydride. Methyl hydrogen phthalate, m.p, 84°; ethyl 
hydrogen phthalate, m.p. 47-48°. Most hydrogen phthalic esters crystallise 
well, and form crystalline salts with organic bases. They are useful for resolv¬ 
ing alcohols with an asymmetric carbon atom. The hydrogen phthalate of the 
alcohol in question is prepared, and this is combined with an optically active base, 
and the alcohol is recovered from the salt formed. Many hydrogen i)hthalates 
have been prepared for this purpose, and others for the characterisation of 
alcohols. 

HALIDES. Phthalyl fluoride, C 6 H 4 (COF)*, syrndorm, m.p. 42-43°. b.p. 135° 
(54 mm.), has been prepared by Dann and co-workers (J., 1933, 15) from the 
spm-ohloride and soaium fluoriae at 250-300®, or zinc fluoride at 60®. The 
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chloride of the acid ethyl ester, obtained from ethyl hydrogen phthalate by the 
action of phosphorus trichloride, is an unstable oil (Her. 20,2011). 

/UlCOCl /[IJCO-v 

Phthalyl chloride, C«H4<C and C«H 4 < >0. The symmetrical 

\[2IC0C1 \[21CCl/ 

chloride, m.p. 15-16®, is formed by the action of phosphorus pentachloride on the 
acid in an open vessel, and at a temperature not exceeding 160®. When it is 
heated with aluminium chloride for some time on a water bath, it is converted into 
the asymmetrical chloride, m.p. 89® (Ott, Org. Synth. 10, 94). The asymmetrical 
chloride boils at 276®, reverting to the svmmetrical form. The latter readily 
reacts with alcohols and bases, and can be reduced to o-phthalyl alcohol with 
acetic acid and sodium amalgam. The asymmetrical lactonic form is much less 
reactive (0(<, Aim, 392, 245). Both forms react in the same way with sodio- 
acetoacetic ester {Scheiber^ Ber. 46, 2366). The equilibrium between the two 
forms has been investigated bv Csanyi (Mo. 40, 31). The asymmetric structure 
explains the reaction of phthalyl chloride and zinc and acetic acid, when it is con- 

yCO /COv 

verted into phthalide (p. 376), diphtkalyl, >0 CX^ and hydro- 

diphthalyl and its reaction with benzene and aluminium chloride, when it gives 
phthalophenone (diphenyl-phthalide) (cf. sulpho-benzoyl-dichloride). In this 
reaction, the symmetrical chloride also gives anthraquinone and o-benzoyl-hemoic 
addy and the asymmetrical form gives ws-diphenyl-anthrone (p. 653) {uo'pisarov, 
J. Ill, 10). Lead thiophanate reacts with phthalyl chloride to form di-(thio- 
X(SC«H5)2. 

phenyl)-phthalide, C«H 4 < ^O, m.p. 85®, which is oxidised by per- 

^CO-/ 

manganate to di-(phenyl-8ulphone)-phthalide, m.p. 194®, a compound also ob¬ 
tained directly from phtlialyl chloride and sodium benzene-sulphinate ( Troeger, 
J. pr. 66, 345). 

o-Phlhalylene tetrachlorides: By the action of phosphorus pentachloride on 


phthalyl chloride, two isomeric phthalylene tetrachlorides are formed, one with 
an indefinite m.p. 85-86®, and the other melting sharply at 43®. The one with 

y/CCljv 

the higher m.p. is the lactone chloride, C 8 H 4 <; >0, and the other the acid 

\cci/ 

yCQU 

chloride, C 6 H 4 <C : this follows from the different rates of reaction of the 

Nnoni 


compounds with aniline, and other reasons {Otty Ber. 55, 2108). When the sym- 
form is distilled at ordinary pressure (b.p. 90-105® [0.2 mm.]) it is partly con¬ 
verted into the a«-form (b.p. 115-120® (0.2 mm.]). The latter is also obtained 
by the action of phosphorus pentachloride on phthalide chloride {Claus, Ber. 19, 
1188). It condenses with benzene in presence of aluminium chloride or concen¬ 
trated sulphuric acid to give diphenyl-anthrone (p. 653) {Haller, C.r. 121, 102). 

/[llCOv 

Phthalic anhydride, CeH 4 <C ^O, m.p. 128®, b.p. 248®, sublimes readily 

^[2]C(K 

in long needles. It is obtained by melting phthalic acid, or heating the latter with 
acetyl chloride {Anschutz, Ber. 10, 326); oy the catalytic oxidation of naphtha¬ 
lene vapour with oxygen or air in the presence of vanadium pentoxide, vanadium 
m^chloridc, or molybdenum oxides; and by the action of concentrated sulphuric 
acid on a-nitro-naphthalene, followed by fusion with iron or zinc turnings (Br, 
Pats. 145,701 and 153,252). Phthalic anhydride forms condensation products as 
readily as benzaldehyde (p. 268 ); with acetic acid, phthalyl-acetic acid is formed; 
with malonic or acetoacetic ester, alkylidene-phtnalides are obtained, or at a 
higher temperature, fatty acids are formed, with elimination of carbon dioxide. 
In the presence of aluminium chloride it condenses with bromobenzene to p'- 
bromo-o-benzoyl-benzoic acid, m.p. 173®, which, under the influence of sulphuric 
acid, undergoes ring closure, with formation of 2-bromo-anthraquinone (p. 657). 
With diphenyl it forms first p'-phenyl-o-benzoyl-benzoic acid and then 2-phenyl- 
anthraquinone. For its condensation with a- and /3-naphthol, see Rieche, Bier. 
64» 1603. It condenses with phthalide to give diphthalyl, and with phenols to 
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give phthaldns, a group of tripheaylmethane dyes, wAich includes some beauti¬ 
fully fluorescent compounds. Pbtludylstilphide, CeH 4 (CO)iS, m.p. 113-114, and 
^CO • S * COk 

diphthalyl disulphide, CeHd^ yCeHd, m.p. 330-332®, are obtained by 

^COSCCk 

the action of hydrogen sulphide on o-phthalyi chloride at elevated tempera¬ 
tures; phthalyl selenide, C 6 H 4 (CO) 2 Se, yellow crystals, m.p. 126-127®, is ob¬ 
tained by the action of hydrogen selenide on o-phthalyl chloride in the presence 
of aluminium chloride (Ueissert, Ber. 44, 3027; SzperL Roezn. Ch. 10, 654; 12, 
378). 

Monoperphthalic acid, CflH 4 (COOH)COOOH, m.p. 110® (decomp.), and 
phthalic acid peroxide, (COOH^CflHd*00)202, m.p. 156® (decomp.), are formed 
when phthalic anhydride is shaken with alkaline hydrogen peroxide. The former 
is readily soluble in water, but the latter only sparingly. Diethyl-peroxido- 
phthalate, m.p. 59®. is obtained by the action of alkaline hydrogen peroxide on 
the chloride of ethyl hydrogen phthalate. Phthalyl peroxide, CflH 4 ( 002 ) 2 , m.p. 
133® (decomp.), deflagrates when rapidly heated, and is obtained by the action 
of sodium peroxide on phthalyl chloride. It is insoluble in all solvents. It gives 
monoperphthalic acid with one moL of cold aqueous sodium hydroxide (Baeyer, 
Ber. 34,762). 

.[IICOOH /[11C(NH2)0H 

Phthalamic acid, C 6 H 4 <; or >0, m.p. 148®, is 

\[2]C0NH2 ^[2]C0-^ 

formed by the action of ammonia on phthalic anhydride, and by the action of 
baryta water on phthalimide {Aschen. Ber. 19, 1399). Anilic acid, m.p. 192°. 
/[IJCONH, /[1]C(NH2)2 v 

Phthalic diamide, C 6 H 4 / or CeH 4 <f m.p. 140-160°, 

^[2]C0NH2 ^[2] CO-^ 

with formation of phthalimide. It is also produced by the action of ammonia 
on ethyl phthalate or phthalyl chloride {AvgeVj Bull. 49, 345; Ann. ch. ph. 6, 
22, 289; Hoogewerff, Rec. 11, 88 ; Dunlap, Am. 25, 612). 

.[llCOv /[l]C(=NH)s 


Phthalimide, CaH 4 < 


.[l]COv 

\[2]CCK 


•NH or CflH, 




[2]CO- 


(phthal -iso- 


imide), m.p. 238®, is prepared by the action of gaseous or aqueous ammonia at 
300® on phthalyl chloride or phthalic anhydride {Noyes, Org. Synth, 11 522). 
It is formed when phthalic acid is heated with ammonium thiocyanate {Lieber^ 
mann, Ber. 19, 2283) or wdth urea {Herzog, Angew. 32, 301), from phthalamide, 
and from o-cyano-benzoic acid (p. 387) by intramolecular rearrangement 
{Scheiber. Ber. 46, 2366). With alcoholic potash it forms potassio-phthalimide, 
CeH 4 (CO) 2 NK, from which heavy-metal salts can be obtained by double de¬ 
composition. By acting upon it with alkyl and aryl halides, a large number of 
amines can be made. It is not necessary to isolate potassio-phthalimide in this 
reaction, as alkyl-phthalimides are formed on simply heating a mixture of phthal¬ 
imide, alkyl halide, and potassium carbonate {Ing, J. 1926. 2348). The alkyl- 
imides thus formed have a symmetrical structure, CeH 4 (CO) 2 NR, e.g., sym- 
methyl- andsj/m-bens^l-phthaliinides, m.p. 132 and 115®, resp. Phthalalkylamic 

yC:(NR)v 

acids, and acetyl chloride, however, form os-alkyl-imides, C 6 H 4 <C 

^CO— 

os-methyl-phthalimide, m.p. 78®, os-benzyl-phthalimide, m.p. 81® {Hooge^ 
werff, Rec. 13, 93). Allyl-phthalimide, m.p. 71°; propenyl-phthalimide, m.p. 
151° {Johnson, Am. J. 45.343). / 

Bromomethyl-phthalimide, C 6 H 4 (CO) 2 NCH 2 Br, m.p. 150®, is the bromination 
J)roduct of syrn-methyl-phthalimide, and with water gives hydroxymethyl-phthal- 
imide. C 6 H 4 (C 0 ) 2 N*CH 20 H, which is also obtained by the combination of 
phthalimide with formaldehvde at 100®, and easily decomposes into these sub¬ 
stances. It condenses with benzene hydrocarbons under the influence of concen¬ 
trated sulphuric acid, to give benzyl-phthalimides (Ger. Pat. 134,980). Ethyl- 
phthalimide and alkyl-magnesium halides give products of the type 

{Sachs^ Ber.37,385). N-/3-hydroxycthyl-phthalimide, 
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C 6 H 4 (CO) 2 N-CH 2 CHaOH, m.p. 88-89®, is prepared from potassio-phthalimide 
and ethylene chlorhydrin {Derain, Her. 54, 3158). 

Phthalimide is reduced in acid solution to phthalimidine (p. 376), and in alka¬ 
line solution with zinc dust and caustic soda to hydroxy •phthalimidine (p. 381); 
with bromine and alkali, aidhranilic acid is formed, presumably with the inter¬ 
mediate formation of bromyl-phthalimide, C«H 4 (CO) 2 NBr, m.p. 206-207®. 
This latter can also be prepared oy treating sodio-phthalimide in water with one 
mol. of bromine at 0®. Chloryl-phthalimide, C6H4(C0)2NC1, m.p. 183-185®, is 
produced by the action of chlorine on phthalimide suspended in water (Ger. Pat. 
139,653). These compounds react with sodium alkylates to form carhoxalkyU 
anthranilic esters as primary products (Bredt, Ber. 33, 21). 

.sym-Phthalanil, CeH 4 (CO) 2 N*C«H 6 , m.p. 208®, is obtained by the action of 

.C(NC4H5)v 

aniline on phthalic acid, and os-phthalanil, CBH 4 <r yO, yellow, m.p. 

125-126°, is obtained by the action of acetyl chloride on phthalanilic acid (Graebe, 
Ber. 32, 1991; Ihutti, Ber. 36, 996; Dunlap, Am. 25, 612), together with a 
(iolourless isomer, m.p. 83-84°, of unknown constitution (Kuhara, Mem. Kyoto, 
2, 365). When agitated witli a concentrated solution of potassium carbonate it 
changes into the symmetrical anil {Pummerer, Ber. 45, 292). For substituted 
phthalanils, see Kuhara.loc, cit, Phthalyl-diphenyl hydrazide, C 6 H 4 (CONH- 
NHC 6 H 6 ) 2 , m.p. 161®. Phthalyl-hydrazine. CeH4(CONH)2, subliming at 200®, 
is obtained from phthalic aithydride and hyarazine hydrate; an isomeric product 
is obtained by the action of hydrazine on phthalimide (Foersterling, J. pr. 51 
371; Curtins, J. pr. 54, 66). Q?-Phthalyl-phenylhydrazine, C 6 H 4 (CO) 2 N*NH- 

/CONH 

CsHs, m.p. 178°. /3-Phthalyl-phenylhydrazine, C 6 H 4 <f 1 , m.p. 210® 

^CON OtMs 

{Picket, Ann. 232, 225; Hutte, J. pr. 35, 265). Phthalyl-hydroxylamic acid, 
06114 ( 00011 ) 0 ( 011 )^ 011 , m.p. 220® (decomp.), obtained from phthalic an¬ 
hydride and hydroxylamine in the ct>ld, is converted into phthalyl-hydroxylamine. 
06H4(00)2N0H, m.p. 230°, when the solution is heated, and Doth are converted 
into anthranilic acid by alkali (Ger. Pats. 130,302, 135,836, 136,788). Phthalic 
diazide, 06 H 4 ( 00 *N 3 ) 2 , m.p. 56° (decomp.), an explosive substance, is prepared 
by the action of sodium azide on syiw-phthalyl chloride in acetone solution 
(Lindemann, Ann, 464, 237). Ethylene-diphthalimide, (C 6 H 4 [CO] 2 N * 0112 ) 2 , 
m.p. 232°, obtained by the action of ethylene bromide on potassio-phthalimidc, 
gives ethylene-diamine (Vol. I, p. 384) w'hcn boiled with aqueous potash {Puto- 
chin, C. 1928, I, 318). 

Phthalyl-glycocoll, C 6 H 4 (CO) 2 NCn 2 COOH, m.p. 192°, is prepared by adding 
glycocoll slowly to fused phthalic anhydride. Its ester undergoes rearrangement 
under the influence of sodium ethoxide, giving hydroxy-isocarbostyrihe ester 
{Gabriel, Ber. 33, 981; Jurgens, Ber. 40, 4409). Its chloride, m.p. 85°. decom¬ 
poses on distillation at ordinary pressures, into carbon monoxide ana chloro- 
rnethyl-phthalimide, C 6 n 4 (CO) 2 N* 011201. Phthalyl-alanine, C 6 H 4 (CO) 2 N*- 
CH(CH3)C00H, m.p. 162°; chloride, m.p. 73°; /3-phthalimido-propionic acid, 
C«H4(C0)2N*CH2*CH2C00H, m.p. 151°; chloride, m.p. 108° {Gabriel, . 
38,633; 41,242). 

PHTHALIC NITRILES., o-Cyano-benzoic acid, m.p. 184°, is prepared by the 
action of nitrous acid and cuprous cyanide on anthranilic acid, and By the action 
of ammonia on benzoyl fluoride ( Dann, J. 193^ 15). It undergoes rearrangement 
into the isomeric phthalimide when heated {Sandrneyer, Ber. 18, 1496; Lieher- 
mann, Ber. 19, 2283; Hoogewerff, Rcc. 11, 84), For other methods of formation, 
see Scheiber, Ber. 45 , 2398. Methyl-o-cyano-benzoate, m.p. 50-51° {Rupe, 
Helv. 13, 457); etl^l ester, m.p. 70° {Muller, Ber.. 19, 1491). o-Cyano-benzotri- 
chloride, CNI2]C6H4CCl3, m.p. 94°, b.p. 280®, is obtained from o-tolunitrile 
{Gabriel, Ber. 20, 3197). o-Cyano-benzamide, m.p. 173°, is formed, together 
with other products, when phthalamide is heated with acetic anhydride for a 
short time, and by the action of hydroj^^lamine on o-cyano-benzal chloride (p. 
381). When heated beyond its m.p., it isomerises to imido-phthalimide, and on 
boiling with an excess of acetic anhydride, it gives o-phthalonitrile, C 6 H 4 ( 1 , 2 ]- 
(CN) 2 , na.p. 141°, which is also obtained from o-amino-benzonitrile through the 
diazo-coropound {Braun^ Ber. 40, 2709). 
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When o-cyanobenzamide and o-phthalonitrile are heated with metals, metallic 
compounds of dyes of the phthalocyanine class are formed (Idnstead^ J. 1934, 
1016). The following formula 



which resembles that of porphyrin, hiis been proposed for the parent substance. 
The imido-hydrogen atoms can be replaced by metals. 

SUBSTITUTED o-PHTHALIC ACIDS. These compounds are obtained either 
by direct substitution, or by the oxidation of substituted naphthalenes and toluic 
acids. Halogcno-phtnalic acids can also be prepared by Sandmeyer's method 
from the diazotised esters,' but not from the acids themselves (Blicke, Am. 51, 
1865) . The mono- and di-chlorophthalic acids are all known. 

4-ChlorophthaUc anhydride, m.p. 98®. b.p. 297®. 

3-Chlorophthalic anhydride, m.p. 126^, b.p. 313®. 

4.5- DicmorophthaUc anhydride, m.p. 186®, b.p. 313®) 

3.4- Dichlorophthalic anhydride, m.p. 121®, b.p. 329® > Villiger, Ber. 42,3632. 

3.6- Dichlorophthalic anhydride, m.p. 191®. b.p. 339® j 

3.5- Dichlorophthalic anhydride, m.p. 89® (Crossley, J. 81, 1533). 

3.4.6- Trichlorophthalic anhydride, m.p. 148® 1 ((^raci)^, Ann. 149, 18; Bor. 

Tetrachlorophthalic anhydride, m.p. 250® /34, 2107). 

The mono-, tri-, and tetrachloro-phthalic acids are obtained from the corre¬ 
sponding chloro-o-toluic acids, and chloro-iiaphthalene by oxidation. 4,5-, 3,4-, 
and 3,6-Dichlorophthalic acids are formed together when chlorine is passed into 
a solution of phtnalic anhydride in fuming sulphuric acid, and the 3,5-acid is 
formed m small yield by the action of phosphorus pentachloride on dimethyl-di- 
hydroresorcinol (Vol. II, p. 112). 

Tetrachloro-phthalyl chloride, m.p. 137® (as-form), obtained by heating the 
anhydride with phosphorus pentachloride in a sealed tube at 220®, changes into 
the symmetrical form m.p. 48®, when heated. The asymmetrical form is slowly 
re-formed especially in the presence of animal charcoal {Kirpalf Ber. 62, 2102). 
Tetrkchloro-phthalimide, m.p. 339®; tetrachloro-phthalanil, m.p. 274-275® 
{Pratt, Am. 40, 98). 

3-Bromophthalic acid, m.p. 177-178®, anhydride, m.p. 130-131®, is pre¬ 
pared by reducing 3-nitrophthalic acid, diazotising, and boiling with cuprous 
bromide {Stephens, Am. 43,1950). 

4.5- Dibromophthalic acid, m.p. 135®, anhydride, m.p. 214®, obtained by 
brominating phthalic anhydride dissolved in concentrated sulphuric acid, or by 
oxidising dibromo-naphthalene with nitric acid, gives 4,5-dihydroxy-phthalic acid 
when boiled with potash {BrUck, Ber. 34, 2741; Severin, C. 1907,1, 1119). 

3- and 4-IODOPHTHALIC ACIDS, m.p. 206® and 182®, respectively {Will-- 
gerodt, Ber. 29, 1575). 3,4-Di-iodophthalic acid, m.p. 212-213®, anhydride m.p. 
198.5*^. 3,6-Di-iodophthalic acid is converted into its anhydride, m.p. 235®, 
when heated; 4,5-di-iodophthalic acid, m.p. 221-222® {Edinger, J. pr. 53, 375). 
Tetra-iodophthaiic acid, m.p. 324-327® {Rupp, Bor. 27, 1634; Pratt, Am. 40, 
198). 

3- and 4-NlTROPHTHALIC ACIDS, m.p. 219® and 161®, respectively, are 
formed together in the nitration of phthalic acid; their anhydiides melt at 164® 
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and 114*^, respectively: imides, m.p. 216® and 202®, respectively. The 3- 
nitrophthalimide is usea as a reagent for the detection of organic halogen com¬ 
pounds {Sah, Ber. 65, 1630). 3-Nitrophthalyl chloride, m.p. 77® (Anwerk, Ber. 
34, 3735; Seidel^ Ber. 34, 4351; Chambers^ Am. 25, 601; Miller^ Indian J. 7, 
619). For the formation of methyl hydrogen 3-nitro-phthalates, a- m.p. 144®, 
and m.p. 157®, and their relation to V. Meyer's esterification rule (p. 296), 
see Kahrif Ber. 35, 3857. 

4-Azozy-phthalic acid, forms salmon-coloured crystals with a double m.p., 228® 
and 300®. It is obtained by heating 4-nitrophthalic acid with alcoholic potash. 
4-Azophthalic acid, m.p. above 340®, is produced when the nitro-acid is reduced 
with sodiiun amalgam; methyl ester, m.p. 124-126® {Sachs^ Mo. 37, 53, 57). 
More vigorous reduction the nitrophthalic acids prculuces 3- and 4-amino- 
phthalic acids {Kmiffmann, Ber. 36, 2491). 4-Nitrophthalic acid crystalli.M*s 
with 1 H 2 O, m.p. 162® (anhydrous); it is obtained from 5-nitro-o-toiuuitriIe by 
oxidation with permanganate {Mayer, J. pr. 92, 137). 

Sulphophthalic acid is obtained by heating naphthols, naphthylamiues, or 
naphthaleiie-sulphonic acids with concentrated sulphuric acid and mercury at 
220-3(X)® {Graebe, Ber. 29, 2806). The action of sulphur trioxide on phthnlic 
anhydride gives 4-sulphophthalic anhydride, a solid resin, and, if mercuric salts 
are present, 3,5-disulphophthalic anhydride, a resinous substance. In both the‘<e 
acids^ the sulpho group can be replaced by chlorine by treatment with thionyl 
chloride or hydrochloric acid and sodium chlorate, and 4-chlorophthalic acid, 
b.p. 294®, and 3,5-dichlorophthalic acid, m.p. 164®, are formed {Waldmann, 
Ann. 487j 287). For the directing effect of mercuric sulphate in the sulphonation 
of phthalic anhydride, see Lauer pr. 138, 87. 

HYDROXY-o-PHTHALIC ACIDS. These acids are characterised by the 
melting jioints of their anhydrides, into whicih they are readily converted by heat¬ 
ing. 

3-Hydroxy-o-phthalic anhydride, m.p. 198-199®. 3-Methoxy-phthalic acid, 
m.p. 173-174®; anhydride, m.p. 160° (Corhelhm, Gazz. 61, 281). Dinitro-3- 
hydroxy-o-phthalic acid, also called juglonic acid^ is formed by the action of nitric 
acid on juglone, a naphthalene derivative (Vol. II, p. 426). 4-Hydroxy-o- 
phthalic anhydride, m.p. 171° {Bentley. J. 91, 98). p-Dihydroxy-o-phthaloni- 
trile, o-dicyano^hydroqumone, (HO)2l3,6jC6H2[ 1,2] (CN )2 -h 2 H 2 O, is obtained by 
the action of nascent hydrogen cyanide on quinone. When acted upon by hot 
concentrated sulphuric acid it is converted into dihydroxy-phthalimide, C 6 H 2 - 
( 0 H) 2 (C 0 ) 2 NIT, which, on boiling wdth hydrochloric acid loses carbon dioxide, 
and gives p-dihydroxy-benzoic acid {Thiele, Ber. 33, 675; Ann. 349, 45). 3- 
Hy(lroxy-5-methyl-o-phthalic acid, ^-coccinic acid, m.p. 163-164®, is obtained 
by heating cochineal; its methyl ether has been prepared from 3-methoxy-u- 
toluic ester by condensation with chloral and oxidation of the resulting trichloro- 
phthalide-carboxylic acid. Tlie methyl ether of the isomeric 3-methyl-5-hy- 
drozy-phthalic acid, y-coccinic acid, is also formed in this reaction {Meldrum, J. 
99, 1712). 4-Methoxy-phthalic acid, m.p. 144®, is obtained by the action of per¬ 
manganate on 2,6-dimethoxy-naphthalene {Chakravarti, Indian J, 10, 693). 

Norhemipinic acid, 3,4-dihydroxy-phthalic anhydride, m.p. 238®, is prepared 
by heating the reaction product of hemipinic acid and phosphorus ptmtachloride 
at 180®, 3,4-dichloro-methoxy-phthalic anhydride, (CICH 2 O)20*112(00)20, m.p. 
155°, wdth water. Hemipinic anhydride, 3,4-dimethoxy-phthalic anhydride, 
m.p. 167®. Free hemipinic acid, m.p. 187®, has been obtained by oxidising 
opianic acid with lead dioxide and sulphuric acid {Edwards, J. 127, 195), (to¬ 
gether with opianic acid and meconine) by oxidising narcotine, and (together 
with meconine) by fusing opianic acid with potash (Arch, pharm. 271, 288). 


yCOOH 

Hemipinic acid 


/COOH 

(CH,0),C,H<^ 

Opianic acid (p. 381) 


(CH,0).C,H,< 

Meconine (p. 377) 




For hemipinic ester-acids, hemipinamic acids, and hemipinimides efc., see Hooge- 
werff. Rec. 14, 252; Wegscheider, Mo. 18, 589; 24, 375; Kirpal, Ber. 35, 677. 

6 -Amino-hemipinic acid is obtained &om the so-called azo-opianio acid, 2,3- 
dimethoxy-5,6-anthranil-carboxylic acia (p. 382), by boiling with baryta water. 
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Nor-meta^hemipinic anhydride, 4,5-dihydror^*phthalic anhydride, m.p. 247**. 
Meta*heniipinic a^ydride, m.p. 179°. Meta-hemipinic acid, 4,5*dimetho3Qr-o< 
phthalic acid, m.p. 202-204° a degradation product of papaverine, has been syn¬ 
thesised by Fargher and Perkin (J. 119, 1724) by oxidising 4,5-dimethoxy-tolyl- 
methyl-ketone with permanganate. Hydrastic acid, (CH 30 ) 2 C 6 H 2 (COOH) 2 , is 
an oxidation product of hydrastinine anhydride, m.p. 179° . Mcta-hemipiiiic and 
hydrastic acids have also been found among the degradation products of podo- 
pnyllotoxine (Vol. II, p. 492) . When cotarnine is oxidised it gives cotamic acid, 
or methylene-7nethyl’‘ether-^,4,5~trihydroxy-o-phthalic acid, (CH 2 O 2 ) (CHsO)- 
CeH(COOH) 2 . 3,4,5-Trimethoxy-o-phthalic acid, m.p. 174°, anhydride m.p. 
143°, is prepared from trimothyl-gallic acid by condensation with chloral hy¬ 
drate, hydrolysis to the phthalide-carboxylic acid, transformation into phthalide, 
and oxidation (Bargellim, Lincei 21 , II, 146). 


/[l]COOH 

Isophthalic acid, benzene-m-dicarboxylic acid, C 6 H 4 <; , 

\[3]COOH 

m.p. 325° (sublimes) {Aschaiij Ber. 60, 1927), is formed in the oxida¬ 
tion of m-xylene or m-toluic acid with chromic acid or permanganate 
(Vllmann, Ber. 36, 1798); from m-xylylene bromide (p. 372) by the 
action of alcoholic potash and oxidation of the resulting m-phthalyl- 
ethyl ether (Kipping^ Ber. 21, 47); and from m-dicyano-benzene and 
m-cyano-benzoic acid (see below). The last two methods are steps 
in the nuclear syntheses from the corresponding amino-compounds, 
m-phenylene diamine, and m-amino-benzoic acid. Potassium ben¬ 
zoate, m-bromo-benzoate, and m-sulpho-benzoate give isophthalic 
acid when fused with sodium fonnate, terephthalic acid being a by¬ 
product in the first two cases. It is also produced by the action of 
sodium amalgam and ethyl chlorocarbonate on m-dibromo-benzene, 
by heating hydro-pyromellitic and hydro-prehnitic acids (p. 396), on 
fusing humic acid, obtained from coal, with potash (Tropsch, C. 
1924, I, 600), and by the action of nitric acid on pinabietic acid 
(Aschany Ber. 60, 1923). 

Isophthalic acid is soluble in 460 parts of boiling and 7800 parts of cold water. 
It does not form an anhydride. On reduction it gives tetrahydro-isophthalic acid. 
Its barium salt, C 8 H 4 (C 02 ) 2 Ba + 6 H 2 O, is readily soluble in water, unlike those of 
phthalic and terephthalic acids (Ann. 260, 30). Dimethyl ester, m.p. 64°; 
dichloride, m.p. 41°, b.p. 276° (Auwers, Ber. 46, 457). Its dihydrazide, m.p. 
220°^ gives, with nitrous acid, isophthalazide, C 6 H 4 (CON 3 ) 2 , m.p. 56°, and when 
this IS boiled with ethyl alcohol, m-phenylenc-urethane, C 6 H 4 (NHC 02 C 2 H 5 ) 2 , is 
formed (Curiius, J. pr. 54, 66 ). 

m-Cyano-benzoic acid, m.p. 223°, ethyl Ovster, m.p. 56° (Rupe, Helv. 13, 457). 
For the action of hydrazine on this acid, .see Curtius, J. pr. 125, 40. m-Dicyano- 
benzene, m.p. 162° {Bogert. Am. 26, 464). 

SUBSTITUTED ISOPHTHALIC ACIDS. 5-Chloro-, 5-iodo-, and 5-amino- 
isopbthalic acids are prepared from 5-nitro-isophthalic acid, itself obtained by the 
nitration of isophthalic acid. Sulphonation gives 5-sulpho-i80phthalic acid, c/. 
benzoic acid (pp .315,332). 4-Bromo-, 4-iodo, 4-amino- and 4-8ulpho-isophthalic 
acids are prepared by oxidising the corresponding toluic acids {Coule, Ber. 14, 
2278; Schipf, Ber. 24, 3778; LowenherZy Ber. 25, 2795; Meyer, Ber. 28, 34). 
2-Nilxo- and 2-amino-isophthalic acids arc obtained from 2 -nitro-m- 7 ^ 1 ene 
(NoeUing, Ber. 39, 73). 4-Chloro-isophthalic acid, m.p. 294°, 4-acetamino- 
isophthalic acid^ m.p. 289°, and 4,6-dianiino-isophthalic acid are obtained from 
chloro-, acetamino-, and diacetamino-w-xylenes by oxidation with permanganate 
(UUmanny Ber. 36, 1799,1803 ; Bogeri, Am. 31,841). Tetrachloro-, tetrabromo-, 
and tetraiodo-isophthalic acids, m.p. 181°, 290°, and 310° reimectively (Rupp, 
Ber* 29, 1632). Tetra-amino-isopbthalic acid, Ce(NH 2 ) 4 (COOH) 2 , has been oo- 


HYDROXYJSOPHTHALIC ACIDS 


391 


tained starting with isopurpuric acid, which appears to be the dinitrile of a dinitro- 
hydroxylamino-hydroxy-isophthalic acid (p. 201). 

HOMOLOGUES OP ISOPHTHALIC ACID. Three methyl-isophthalic 
acids are possible. The most interesting is uvitic acid, S^methyl^isophthalic add, 
CH8[6]C6H8[1,3] (C00H)2, m.p. 287®, which is obtained by oxidising mesitylene 
with dilute nitric acid, or, synthetically, from pyruvic acid (p. 26). The latter 
synthesis is carried out as follows. When pyruvic acid is boiled with baryta 
water, or better, sodium hydroxide solution, a condensation product of aldol type, 
p-pyruvic acid, is formed. Two molecules of the latter condense to form meihyU 
dihydro-triinesic add, water and oxalic acid being eliminated. On prolonged 
boiung with baryta water, or better by the action of concentrated sulphuric acid, 
carbon dioxide and two hydrogen atoms are eliminated, and uvitic acid is formed 
iWolff, Ann. 305, 125): 

COCOOH 

on 1 

CH8V I CH2*C(Ori)c COOII CH,v /CII=C^COOH 

>C. -f \CH, -► >C< >CH 

COOH/ XJHa-CO-COOH COOH/ ^CHjr-C^COOH 


.CH=C^COOH 
CIIjC^ >CH 
^CH—C^COOH 


When a mixture of pyruvic acid and propyl aldehyde or isobutyl-aldehyde is 
used, 5-ethyl-isophthalic acid or 5-isopropyl-isophthalic acid, respectively, is 
formed (Ddbncr, Bcr. 23, 2377; 24, 1746). These acids are oxidised by chromic 
acid to trimesic acid (p. 395). When heated with lime, uvitic acid gives first m- 
toluic acid, and then toluene. 

Xylidic acid, 4-methyl-isophthalic acid, CH8[4]C6H8[l,3](COOH)2, m.p. 
282®, is obtained by the action of dilute nitric acid on pseudo-cumene or p- 
xylic and isoxylic acids. It gives tri-mellitic acid when oxidised with per¬ 
manganate (p. 396). 2-Methyl-isophthalic acid, m.p. 235®, is obtained by the 
reduction of 2,6-dicarboxy-phenyl-glyoxylic acid with hydrogen iodide and phos¬ 
phorus (Graehe, Ann. 290, 206). 

HYDROXY-ISOPHTHALIC ACIDS. The same methods which serve for the 


preparation of hydroxy-benzoic acids from phenols, and of aldehydo-hydroxy- 
oenzoic acids from phenolic aldehydes, may be used to convert them further into 
hydroxy-isophthalic acids. Amino- and sulpho-carboxylic acids can also be used 
as starting materials {Jacobsen, Ber. 16, 1966). 

2-Hydroxy, 4-hydroxy-, and 5-hydroxy-isophthalic acids, m.p. 243®, 305®, and 
288®, resi)cctively. Ethyl 4-hydroxy-isophthalate, m.p. 57®, is formed in small 
yield in a peculiar condensation which glutaconic ester undergoes in the presence 
of alcohol-free sodium ethylate {Pechmann, Bcr. 37, 2117). The 5-acid is among 
the products of heating humic acid, from coal, under pressure {Tropsch, C. 1924, 
I, 601). 


5,2-Nitro-hydroxy-i80phthalic acid, m.p. 214®. is obtained from nitromalonic 
aldehyde and acetone-dicarboxylic acid (p. 25) (HiU, Ain. Ch. J. 24, 1). 

4,6-Dihydroxy-isophthalic acid, m.p. 326®, is obtained by heating resorcinol 
with potassium bicarbonate to 180® in a sealed tube (Hcmmeltnayr, Mo. 38, 84), 
and from 4,6-dibromo-//i-xylene, which is oxidised step by step to 4,6-dibromo- 
isophthalic acid, m.p. 250-254® * this is then boiled with sodium and copper ace¬ 
tates {Marzin, J. pr. 138, 108). Dimethoxy-isophthalic acid, m.p. 272® (de¬ 
comp.) is obtained from 5-nitro-2,4-dimethoxy-benzoic ester, by replacing the 
NO 2 group by CN, and hydrolysing the product {Spdth^BQT. 6^ 2210). 

Hydroxy-uvitic acids: 4-Hydroxy-uvitic acid, (CH8)[51(HO)[4]CeH2[l,3]- 
(C00H)2, m.p. 295®, is of interest since it is formed by the action of chloroform, 
chloral, or ethyl trichloroacetate on sodio-acetoacetic ester (p. 26); methenyl- 
5is-acetoacetic ester is probably an intermediate product {Claisen, Ann. 297,11). 
It has also been pr^ared by the action of carbon tetrachloride and alkali on 0 - 
cresotic acid (Ger. Pat. 258,887). 

w-Hydroxy-uvitic acid, a-coccinic cund, (CHt) [6] (HO) [dJCeHat 1,3] (COOH)2, 
m.p. 320-332® (decomp.), has been prepared by condensing 4-homosalicylic 
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methyl ether with chloral, oxidising the product to the dicarboxylic acid, and 
demethylating ( 6 'AaA, Indian J. 8,261). 

Terephthalic acid, C6H4[l,4](COOH)2, sublimes without melting. 
Terephthalic acid is obtained from p-benzene derivatives, such as 
p-xylene, p-toluic acid, p-cyano-benzoic acid, p-dicyano-benzene, 
p-dibromo-benzene, etc.y in the same way as isophthalic acid is obtained 
from the corresponding m-derivatives. Small amounts are formed by 
the action of magnesium and carbon dioxide on p-dibromo-benzene 
(Houben, Ber. 38, 3796). It is best prepared by oxidising p-xylylene 
dibromide (p. 372), or p-toluic acid with alkaline permanganate 
{Baeyer, Ann. 245, 139; J. pr. 43, 126). 

Terephthalic acid is almost insoluble in water, alcohol, and ether. 
It can be reduced to di-, tetra-, and hexa-hydroterephthalic acids. 
It does not fonn an anhydride. Its barium salt, C 8 H 404 Ba + 4 H 2 O, 
is very slightly soluble. Methyl ester, m.p. 140°; chloride, m.p. 78°, 
b.p. 259°; aminic acid, m.p. 214°; dihydrazide, m.p. above 300°; 
diazide, C6H4[l,4](CON3)2, m.p. 110° (Curtius, J. pr. 54, 66). 

Diperterephthalic acid, C«H 4 [l, 4 ] (COOOH) 2 , forming sparingly soluble, explo¬ 
sive, needles, has been prepared by Bn^^yer (Ber. 34,7t>6) by the action of alcoholic 
hydrogen peroxide on terephthalyl chloride. It is precipitated from its alkaline 
solution as a mono-sodium salt by the action of carbon dioxide. Its ethyl ester, 
C«H.i(C02 • 002115 ) 2 . m.p. 37°, was obtained from terephthalyl chloride and barium 
ethyl peroxide, BaCO-OC^HBb. 

p-Cyanobenzoic acid, CN[ 4 ]C 6 H 4 COOH, m.p. 219°, is obtained from ethyl 
p-aminobenzoate, or by oxidising p-tolunitrile with potassium persulphate. 
Ethyl ester, m.p. 54°. p-Dicyano-benzene, C 6 H 4(1 41 (CN') 2 , m.p. 223°. 

Mononitro-terephthalic acid, m.p. 259°, is formed in the nitration of sulpho- 
terephthalic acid; 2,3-, 2 , 6 -, and 2,5-dinitro-terephthalic acids are also known 
(Hatesermaun, Ber. 28, 81). 2 ,5-Diamino-terephthalic acid, (NH 2 ) 2 [ 2 , 5 ]C 6 n 2 
[1,4] ((J00H)2, is infusible; its diethyl ester is formed when diimino-suceino- 
succinic ester is oxidised with bromine. This acid forms many condensation 
products in the same way as anthranilic acid, the grouping of which it has two¬ 
fold (Bogert, Am. 29, 729). For dihalogeno-tetrephthalic acids, see Br. Pat. 
663,791, and for tetrachloro-, tetrahromo-, and tetraiodo-terephthalic acids, see 
Rupp, Ber. 29, 1625; Luljens, Ber. 29, 2833. 

ALKYL-TEl^PHTHALIC ACIDS. 4-Methyl-terephthalic acid, a-xylidic 
acid, m.p, 282°, is an oxidation product of pseudocumene, and 2,5-dimethyl-tere- 
phthalic acid, fi^cumidic acid, is an oxidation product of durene (Ber. 19, 2510). 

HYDROXY-TEREPHTHALIC ACIDS, ifydroxy-terophthalic acid, which 
sublimes without melting, is obtained from nitro-l^rephthalic acid. Tliore are 
three possible dihydroxy-terephthalic acids, of which 2 ,5-dihydroxy-terephthalic 
acid should be mentioned on account of its relation to succJ no-succinic ester, its 
diethyl ester is forminl from the latter by removal of two hydrogen atoms by 
bromine or phosphoru.s pentiichloride {Leiry, Ber. 22 , 2107). The same ester is 
formed by the actitm of sodium ethoxide on dibromo-aectoacetic e.ster (Wedel, 
Ann. 219, 78). 

2,3-Dimethoj^-terephthalic acid, (CH 30 ) 2 l 2 , 3 ]C 6 H 2 [l, 4 ] (COOH) 2 , m.p. 213 
214°, is obtained by methylating and oxidising the product obtained by rearrange¬ 
ment of pyrocatechol diallyl-cther (p. 193) {Knwai, Res, Tokio 3, 263, 279). 

2,5-Diliydrozy-terephth^ic acid, (HO) 2 C*H 2 ((X)OH) 2 , obtained from 2,5- 
dibromo-terephthalic acid by the action of sodium acetate {Marzin, J. pr. 138, 
106), crystallises with 2 H 2 O in a colourless form, and without water in a yellow 
form {Iiantzsch, Ber. 48, 797). It gives a deep-olue colour with ferric chloride. 
When rapidly heated it breaks down into hydroquinone and two molecules of 
carbon dioxide. Diethyl 2,5-dihydroiQr-terephthalate, m.p. 133®, also crystal¬ 
lises in two forms. At room temperature it forms stable, leaf-green prisms or 
plates, and at higher temperatures, or when sublimed, colourless leaflets. The 
reactions of this ester are chiefly those of a hydroxyl-derivative; thus, it does not 
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combine with hydroxylamine or phenylhydrazino, and it forms dialkyl ethers 
when acted upon by sodimn and alkyl ioaides. On the other hand, it does not 
react with phenyl isocyanate (p. 97), and shows certain analogies with succino- 
succinic ester (VoJ. II, p. 146) {Goldschmidt^ Ber. 23, 269). When reduced with 
zinc and alcoholic hydrochloric acid, it gives succino-succinic ester {Baeyetj Ber. 
19, 432; Noyes, Ber. 22, 2169). With hydroxylamine hydrochloride it gives a 
dihydroxamic acid, and tetrahydro>dihydroxy-terephthalic acid is formed at the 
same time {Jeanrenand, Ber. 22, 1280). 

Hantzsch (Ber. 22,1294) regarded the two forms of ethyl dihydroxy-terephthal- 
ate, and of analogous compounds, as an example of tautomerism, ascribing a 
quinone formula to the coloured modification, and a hydroxyl-formula to the 
colourless one. Nef (Am. J. 12, 379) and Goldschmidt (Ber. 23, 260) do not re¬ 
gard colour as a reliable criterion for a keto-structure, and do not find the above 
tautomerism supported by chemical evidence. 

.C(OH)—CHv 

CaHAC Sc -COOCjIIs 

^CH==C(OH)/ 

/CO-CH2V 

or C 2 H AC • CH< >CC00C2H^ 

Hantzsch later modified his view, and regarded the colourless forms as benzene 
derivatives, and the coloured ones as simple enol derivatives (Ber. 48, 797); 

(C 2 H 5 O)(HO)C:C—CH=C -O-ll 

' O; (Ij—CH==(!: • C(: 6 )OC,H, 

Succino-succinic acid, the ester of which gives ethyl 2,5-dihydroxy-terephthal- 
ate with elimination of two hydrogen atoms, is dealt with in Vol. II, p. 146, in 
connection with the hydroaromatic compounds. 

3,6-Dihydroxy-terephthalic acid, m.p. 305®, is the direct carboxylation product 
of 3 , 5 -dihydroxy-ben 2 oic acid {Brunner, Mo. 50, 216). 

TRIHYDROXY-CARBOXYLIC ACIDS. Phloroglucinol-dicarboxylic ester 
has been mentioned under the hydroaromatic compounds (Vol. II, p. 113) as a 
derivative of triketo-cyclohexane. Its formation oy the condensation of three 
molecules of sodio-malonic ester is an example of benzene ring formation from 
aliphatic compounds. Gallo-carboxylic acid, trihydroxy-isophthalic acid, (HO)i- 
[4,6,61C«H[1,3] (C00H)2, m.p. 283® (decomp.), is obtained, together with pyro- 
gallol-carboxylic acid, when pyrogallol is heated at 130® with ammonium carbon¬ 
ate {Sennhojer, Ber. 13, 1876), or at 160-160® with sodium or potassium bicar¬ 
bonate {Voswinckel Ber. 45, 1242). 

{h) AROMATIC DICAMOXYLIC ACIDS which contain one COOH in the 
nucleus and one COOH in the side-chain. The three a-homophthalic or phenyl- 
acetic carboxylic acids are known. The o-acid readily gives rise to heterocyclic 
derivatives. 

Phenylacetic-o-carbozylic acid, o-a-homophthalic add, COOH[21C6H4CH2- 
COOH. m.p. 175®, with loss of water. It is ootained when gamboge is fused with 
KOH (Gabriel, Ber. 19, 1664). It can be obtained by the oxidation of indeno 
{q.v,) or, better, hydrindone with potassium permanganate or chromic acid (/n- 
aold, J. 123,1469; Meyer, Ann. ch. ph. [10], 17^ 271; Graebe, Ber. 31,375), and 
by reduction of phthalonic acid with hydrogen iodide. It can also be obtained 
by hydrolysis of the corresponding nitrile. One of the two methylene hydrogen 
atoms in esters of the acid can be replaced by potassium, and then by the benzyl 
group, hemyl-homophthalic add, m.p. 164®, being formed {Dieckmann, Ber. 47, 
1428). It is oxidised by permanganate to phthalide-^rboxylic add (p. 439) 
{Stevens, J. 1928, 2827). Its anhydride melts at 141®, and in some reactions 

✓Oh I c’OH 

behaves as the enol form, CoHi^ I {Davies, J. 1928, 1616). When 

^COU 

heated, the anhydride loses CO, and becomes hydrodiphthalo-laeUmie add {Graebe, 
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Ber. 31, 376). 4-Nitrohoinophthalic acid, m.p. 220^ (decomp.) {IngoU, J. 123, 
1469). 

o-Homophthalimide, m.p. 233-234^, is obtained by heating the ammonium 
salt of the acid, and by the action of acids on the dinitrile. In the latter reaction, 
o-cyano-phenylacetic acid, which is the primary product, undergoes a rearrange¬ 
ment similar to that occurring when o-cyanobenzoic acid is converted into phthali- 
mide (p, 387) (Gabriel, Ber. 23 ,2478). When treated with POCla, o-homophthali- 
mide is converted into dichloro-'isoquinoUne which, on reduction with HI, gives 
isoquinolme {Gabriel, Ber. 27, 2492; Damerov, Ber. 27, 2232). 


CJl/ 


CHaCNIl] 

CN[2] 


o-Cyanobenayl 

cyanide 


CHr-CO poci, 


an/ , 
\co —NH 

Homophthalimide 


,CH=-CC1 

c,h/ I 

^CC1-=N 

Dichloro- 

isoquinoline 


Celh<^ 


CH=CH 


CH=N 

laoquinoline 


When heated with zinc dust, homophthalimide is directly converted into iso- 
quinoline. When acted upon by caustic potash and alkyl halides, both hydrogen 
atoms of the methylene group are replaced by alkyl groups. This reaction does 
not work with homophthalic or phenylacctic esters. The mono-alkyl-o-cyano- 
benzyl cyanides give mono-alkyl-homophthalimides, which can be converted in 
the same manner as homophthalimide itself, into alkyl^isoqumolines (Gabriel, Ber. 
20, 2499). Homophthahmide derivatives with aromatic residues attached to the 
nitrogen are formed when homophthalic acid is heated with a slight excess of a 
primary aromatic amine. Such compounds are N•'phenyUhomophlhalimide, 

< CH2*C0 

I , m.p. 191®, and N^p-tolyUhomopkihalimide, m.p. 173®. In 
CO-NCeHs 

these bases, the CHj group retains its reactivity, a fact which is shown by the 
formation of benzylidene derivatives with benzaldehyde (Meyer, C.r. 193, 400). 
For azo-dyes prepared from homophthalimide, see Meyer, C.r. 192, 885; 193, 
344. 

co-Cyano-o-toluic acid, COOH[ 2 ]C«H 4 CH 2 CN. m.p. 116® (decomp.). The 
potassium salt of this acid can be obtained by tne action of potassium cyanide 
on phthalide (p. 376) (Wislicenus, Ann. 233, 102). 

o-Cyanobenzyl cyanide, o~fi~homophthalonilrile, CN[2]C6H4CH2CN, m.p. 81®, 
is prepared from o-cyanoDcnzyl chloride (p. 376). When acted upon by caustic 
potasn and an alkyl halide, one hydrogen atom of the methylene group can be 
replaced by an alkyl radical (see homophthalimide). With acetyl chloride it 
gives ^-diacetyl-o-cyanobenzyl cyanide, CN •CeH4C(CN) :C(CH 8 )OCOCH 3 , 
which can be converted into S^methyl-isoquinoline (Damerov, Ber. 27, 2232). 

BTomoisoph^alic acid^ m.p. 185® (Komppa, Ber. 36, 3611), and homotere- 
phthalic acid, both sublime, m- and p-Cyanobenzyl cyanide, m.p. 88® and 100® 
(Reinglaas, Ber. 24. 2416). In addition to the dinitrile of homoterephthalic acid, 
the two nitrilic ana the two amic acids, the two possible amidonitriles, and the 
diamide have also been prepared (Fileti. Gazz. 22, II, 389; 2S, I, 433). 

o-Hydrocinnamo-dicarbo^lic acid, COOH[ 2 ]CeH 4 CH 2 CH 2 COOH, m.p. 165®, 
is prepared by oxidising tet*rahydro-/5-naphthylamine with permanganate, or by 
reducing dihydro-isocoumarin-carboxylic acid, or o-carboxyphenyl-glycerolic-5- 
lactone (Bamberger, Ber. 25, 888; 26, 1841). It gives «-nydrindone on dry 
distillation. 

o-^anobenzylacetic ester, cyano-bydrocinnamic ester, CN[ 2 ]C 6 H 4 [ 1 ]CH 2 - 
CH 2 CrOOC 2 H 6 , m.p. 98®, is obtained by the action of cyanobenzyl chloride on 
acetoacetic ester or malonic ester in the presence of sodiiun ethylate, with subse¬ 
quent rearrangement of the^^mary product (Landsherger, Ber. 31, 2885). It 

gives a-hydrindone, CiH 4 <^^^^CH 2 , with cone. HCl. , 
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Phenylbutyric-o-carboxyUc acid, COOH( 21 C 5 H 4 CH 8 CH 2 CH 2 COOH, m,p. 139- 
140®, is obtained by acid hydrolysis of a-tetralone-jS-oxalic ester {HiLckel, Ber. 57, 
1286). 

(c) AROMATIC DICARBOXYLIC ACIDS WITH THE TWO CARBOXYL 
GROUPS IN DIFFERENT SIDE-CHAINS. 

0 -, rw-, and p-Phenylenediacetic acids. C«H 4 (CH 2 COOH) 2 , m.p. 150®, 170®, 
and 244° are obtained from the corresponding xylylene cyanides (Oddo, Gazz, 23, 
II, 337). The o-acid is also obtained by the oxidation of dihydronaphthalene. 
Its calcium salt gives ^-hydrindone on distillation (.Bamberger, Ber. 26, 1833). 
0 -, m-, and p-Xylylene cyanides, C 6 H 4 (CH 2 CN) 2 , m.p. 60°, 30®, and 98®, are 
obtained from the corresponding xylylene dibromides by the action of hot aqueous- 
alcoholic KCN. When reduced, they give -diamino-diethyl-benzenes; the 
o-cyanide also gives /8-amino-^-methyl-hydrindone, and the ?n-cyanide, a mono¬ 
amine. The quaternary ammonium iodide of the latter (m.p. 236°) gives an un¬ 
saturated bicyclic hydrocarbon, CioHio, b.p. 62-63° (18 mm.), which readily 
resinifies (Braun, Ber. 49, 2642; S3, 98). 

o-Phenyleneacetic-propionicacid, C«H 4 (CH 2 COOH)[2](CH 2 CH 2 COOH), m.p. 
139®, is produced by fission of the ring of /3-hydroxy-a-naphthoic acid by means of 
sodium and amyl alcohol. The reaction is similar to that by which pimelic acid 
is obtained from salicylic acid (p. 356). Distillation of its calcium salt gives 
/3-keto-tetrahydronaphthalcne (Binhom, Ann. 286, 257). 

0 -, 7n~, and p-Phenylene-dipropionic acid, C 6 H 4 (CH 2 CH 2 COOH) 2 , m.p. 161®, 
146®, and 223°, are obtained from the xylylene-dimalonic acids (Perkin, 
Kipping, Ber. 19, 436; 21, 37). p-Phenylene-diisobutyric acid, C 6 H 4 (CH 2 CH- 
(CH8)C00H)2, m.p. 169°, is obtained in a similar way from p-xylylene-dimethyl- 
malonic acid (Ephraim, Ber. 34, 2789). For m- and p-dicarboxylic acids of the 
formulae CeH 4 [(CH 2 ) 4 -COOH ]2 and C«H 4 l(CH 2 ) 6 -COOH ]2 see Ruzicka, Helv. 
15, 1220. 


2. Aldehydo-dicarhoxylic Acids 

2 -Aldehydo-isophthalic acid, m.p. 176°, is obtained by heating 2,6-dicarboxy- 
phenyl-glyoxylic acid (Jnnghahn, Ber. 26, 1767; Liehcrniann, Ber. 30,695). 5- 
Aidehydo-4-hydroxy- and 5-aldehydo-2-hydroxy-isophthalic acids arc produced 
by the action of chloroform and caustic potash on the corresponding hydroxy- 
iso phthalic acids. 


S, Aromatic Tricarboxylic Acids 

The three isomeric benzene tricarboxylic acids are known. 

Trimesic acid, 1,3,5-benzene tricarboxylic acid, m.p. 360°, sublimes 
at 200°. It can be obtained: 1. By the oxidation of mesitylene 
with permanganate ( Ullmami, Ber, 36, 1799), or by the oxidation of 
mesitylenic or uvitic acid with chromic acid; 2. from mellitic acid by 
heating it with glycerol, or from hydro- or isohydro-mellitic acid by 
the action of sulphuric acid; 8. synthetically, it is made from ben¬ 
zene-1,3,5-trisulphonic acid by heating with potassium cyanide and 
hydrolysing the resulting tricyanobenzene. Trimesic acid and its 
esters are obtained by the condensation of some aliphatic substances. 
The following are examples: (7) polymerisation of propiolic acid 
gives trimesic acid; (2) the monomethyl ester is obtained by the 
action of caustic potash on coumalic acid {Pechmann, 1891); (S) the 
triethyl ester is obtained from formylacetic ester; {J^) Reformatsky^s 
synthesis of trimesic ester from ethyl formate and ethyl halogeno- 
acetates by means of zinc (C. 1898, II, 472) probably occurs with 
the intermediate formation of formyl-acetic ester. Trimethyl ester, 
m.p. 143°; triethyl ester, m.p. 133°. 
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Trimellitic acid, } f2,4-‘(>emem^irimrboxylic acid, melts at 216°, with decomp, 
into water and trimellitic anhydride, COOH [4]C«Il*(C0)20, m.p. 158°, It is ob¬ 
tained, together with isophthalic acid, by heating hydropyromellitic acid with 
sulphuric acid, by oxidation of xylidinic acid with permanganate, and from amino- 
terephthalic acid (Ahrens, Ber. 19,1635). The most convenient method of pre¬ 
paration is by oxidising colophony resin with nitric acid; isophthalic acid is 
formed at the same time (WegschMder, Mo. 31, 1253). 

Hemimellitic acid, l,2,3~benzem-tricarboxylic acid, melts at 190°, being con¬ 
verted into its anhydride. It is obtained by heating hexahydromellitic acid, and 
by the oxidation of phenylglyoxyl-dicarboxylic acid, which is obtained by oxida¬ 
tion of naphthalic acid with permanganate. Trimethyl ester, m.p. 101-102° 
(Meyer, Ber. 50, 452); triethyl ester, m.p, 39° (Graehe, Ann. 290, 212; Ephraim, 
Ber. 31, 2084). 

HYDROXY-TRICARBOXYLIC ACIDS have been obtained from sulphotri- 
earboxylic acids. Hydroxy-trimesic acid, and hydroxy-trimellitic acid (Jacob- 
sen, Ann. 206, 204), Hydroxy-methyl-trimesic and dihydroxy-trimesic esters 
have been obtained by the condensation of ethoxy acetoac^etic ester and ethoxy- 
malonic ester with sodio-acetone-dicarboxylic ester (Errera, Ber. 32, 2776). 
Hydroxy-trimellitic acid, see Jacobsen, Ber. 16, 192. Methyl-hydroxy-hemi- 
mellitic acid, cochtncalic acid, (HO)(61(CH3)[4)C«H[l,2,31(COOH)8, m.p. 224- 
225°, is a degradation product of cochineal (Lkbermann, Ber. 30, 1773). 

Dihydroxy-phenyl-acetic-dicarboxylic ester, obtained in the condensation of 
sodio-acetone-dicarboxylic ester—an example of the formation of the benzene ring 
from aliphatic compounds—is dealt with under the hydro-aromatic compounds 
(Vol. II, p. 148). 


Aromatic Tetracarboxylic Acids 

The three isomeric benzene tetracarboxylic acitls are known. They give tetra- 
hydrobenzene-tetracarboxylic acids on reduction (see Vol. II, p. 149). 

Pyromellitic acid, l,2,A,6J)enze7ie-tetracarboxylic acid, CeH‘i(COOH )4 4- 2 H 2 O, 
melts when anhydrous at 273-275°, and decomposes into water and the dian¬ 
hydride of the acid; the latter is also formed when mellitic acid, or better its 
sodium salt, is distilled with sulphuric acid (Meyer, Mo. 35, 391). The acid 
itself is formed by the oxidation of durol or durylic acid with permanganate, 
and also from octahydro-anthracene through the two possible non-separablo 
diphthalouic acids (Braun, Ber. 57, 681). It is also obtained from pine charcoal 
by the action of sulphuric acid (Philippi, Org. Synth. 10, 90), and it is a degrada¬ 
tion product of podophyllin (V''ol. II). It can be obtained synthetically by the 
action of caustic potavsh on a,j8-dibromo-glutaric acid (Feist, Ber. 44, 135). The 
dianhydride has the formula 0(C0)2CeH2(C0)20; tetraethyl ester, m.p. 54°. 
Dinitro- and diamino-pyromellitic tetrae^yl ester, m.p. 130° and 134°. The 
diamino-ester is oxidised by nitric acid to 

Quinone-tetracarboxylic ester, (0)2C«(C00C2H6)4, m.p, 140°, lemon-yellow 
needles. It is odourless, and readily sublimes. It is reduced by zinc dust and 
acetic acid to 

Hydroquinone-tetracarboxylic ester, (HO)2C6(COOC2H8)4, m.p. 127°, which 
forms bright yellow needles. This compound can also be obtained by the action 
of iodine on sodio-acetone-dicarboxylic ester (Pechmmn, Ber. 30, 2570), and can 
be reduced to p-diketo-cyclohexane-tetracarboxylio ester (Nef, Ann. 237, 25). 

Mellophanic acid, 1,2,3A-henzene-tetracarboxylic a^id, m.p. 241° with anhydri- 
disation. Bamford and Simonsen (J. 97, 1904) have prepared it by oxidising 
lj2,3,4-tetramethyl benzene with permanganate, and also by oxidising 1,4- 
dimethyl-naphthalene with nitric acid; it is a degradation product of picrotoxine 
(Vol. II, p.491). 

Prehnitic acid, 1,2,3,5-henzene-tetracarboxylic acid, C«H 2 (COOH )4 + 2 H 2 O, 
melts w'hen anhydrous at 252° with anhydridisation. It is formed, together with 
mellophanic and trimesic acids, on heating hydro- or isohydro-mellitic acid (Vol. 
II, p, 149) with sulphuric acid, and by the oxidation of either 1,2,3,5-tetramethyl- 
benzene with permanganate, or mesityiene-carboxylic acid (p. 293) with nitric acid 
(Bamford, Simonsen, J. 97, 1904). The salts of this acid form crystals which 
resemble the mineral prehnite. The tetramethyl ester melts at 133-135°. 
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6. Aromatic Pentacarhoxylie Adda 

Benzene-pentacarboxjrllc acid, CeH(COOH)t 4* 6 H 2 O, decomposes on melting. 
It is obtain^ by the oxidation of pentamethyl benzene (p. 47) with permanga¬ 
nate (FriedeL Crafts, Ann. ch. ph. [ 6 ], 1 , 449), by the action of concentrated 
sulphuric acid on charcoal (Verneuil, C.r. 152, 1340), and from tetrahydrona];)h- 
thalene, or ^^tetralin,” through the ali- 2 -ethyl compound, condensing this with 
diethyl-malonyl chloride, followed by oxidation, etc. (Fleischer, Ber. 56, 228). 
Fischer showed the presence of benzene pentacarboxylic acid in the products of 
oxidation under pressure of Willstiitter’s lignin at 200^ in the presence of sodium 
carbonate solution. It is also a degradation product of podophyllin (Vol. II, p, 
492). The pentamethyl ester melts at 160®. 

6. Aromatic Hexacarboxylic Acids 

Mellitic acid, C«(COOH)6, m.p. 288®, decomposing into water, 
carbon dioxide, and pyromellitic anhydride. Its aluminium salt is 
the mineral ^^honeystone’' which is found in deposits of lignite, as a 
honey-coloured crystalline substance. It crystallises in four-sided 
pyramids (Claus, Ber. 10, 566). The formation of mellitic acid by 
the action of fuming nitric acid on charcoal or graphite, discovered 
by Dickson (Proc. 1898, 163), or by treating charcoal with alkaline 
permanganate (Meyer, Mo. 35,163; Ber. 63, 2010), has already been 
mentioned (p. 26). It is formed when carbon or lamp-black pressed 
into rods is used aS an anode in an electrolytic cell (Berioli, Gazz. 13, 
22; Ger. Pat. 318,200) and when hexamethyl-benzene is oxidised 
with permanganate. Since hexamethyl-benzene can be obtained 
synthetically, the last reaction serves for the synthesis of mellitic 
acid. Another synthesis (Philippi, Mo. 42, 6) starts with mesitylene, 
into which two acetyl groups are introduced; these are reduced to 
ethyl, and a third acetyl group is then introduced. Finally, the 
product is vigorously oxidised by nitric acid. Lippmann has detected 
it in industrial sugar sludge (Ber. 50, 236). 

Mellitic acid crystallises in slender needles with a silky lustre. It 
readily dissolves in water or alcohol. It is very stable, and is un¬ 
affected by acids or chlorine or bromine, even when boiling. When 
distilled with lime it gives benzene. It condenses with phenols 
giving the coloured product mellitheine (Meyer, Ber. 63, 2010). 

History, — Klaproth (1799) discovered mellitic acid by boiling honeystone with 
water for a long time. Its coustitutiou remained unknown until Baeyer, in 1870, 
showed that it gave benzene when distilled with lime, and reduced it to hexa- 
hydromellitie acid, thus proving it to be benzene hexacarboxylic acid (Ann. 
8 uppl. 7, 1 ). 

Anhydrides. —^When warmed with SOCh, a dianhydride, decomposing at about 
300®, is formed. With acetyl chloride at 160 ®, an infusible trianlwdride is formed 
(Meyer, Mo. 35, 513). Salts and esters: The barium salt, Ce(COO)6Ba8 4- 
3 H 2 O, is insoluble in water. Methyl and ethyl esters melt at 187® and 73®. 

CHLORIDE, Ce(COCl) 6 , m.p. 190®. Mellimide, or paramide, Cd(CO) 4 NH], 
[7], is obtained by the dry distillation of the ammonium salt. It is a white, 
amorphous powder, insoluble in water or alcohol, which is converted into the 
triammonium salt of mellitic acid when heated with water to 200®. When treated 
with alkalis, mellimide is converted into p-euchronic acid, C«[(CO) 2 NH] 2 [l, 4 J- 
(C 00 H) 2 , which forms colourless prisms, and exists in mono-, di-. and tri-molec¬ 
ular forms, according to the conditions of preparation (Mumm, Ann. 411, 244). 
When heated with water to 200 ®, euchronic acid hydrolyses to give mellitic acid. 
Nascent hydrogen reduces it to a dark blue substance, called euchrone, which, on 
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Btanding in the air, is reconverted into the colourless euchronic acid. It dissolves 
in alkahs giving a dark red solution. 

(5) AkoMATIC POLY-AIiCOHOIiS, WITH MORE THAN OnB HYDROXYIi 
Group in a Side-chain and Their Oxidation Products 

Among the aromatic poly-alcohols which contain hydroxyl noups 
attached to different carbon atoms in the same side-chain, the ^ycols, 
and their oxidation products, are at present the only group that has 
been thoroughly studied. Alcohols with more than two hydroxyl 
groups, and their oxidation products, will, therefore, not be described 
as separate groups, but will be dealt with in connection with the 
related glycols and their oxidation products. 

1. Phenyl-glycols and Phenyl-glycerol 

PHENYL-GLYCOLS are formed: (f ) by the action of potassium carbonate or 
baiyta on the dibromides or bromohydrins of the olefine-benzenes; (£) by the 

g entle oxidation of olefine-benzenes with permanganate; (S) by nuclear synthesis 
y the action of alkyl magnesium halides on esters of aromatic hydroxy-acids and 
hydroxy-ketones, for example: 

CjajCH(OH)COOR CJI,CH(OH) CCOHXCH,),. 

(4) Diprimary glycols are obtained by the action of formaldehyde and potassium 
carbonate solution on the aldehydes of the type Ar*CH(Aik) *0110 (Foumeau, 
BuU. 47, 858): 

C«H 5 CH(CHa)CH 0 + 4 HCH 0 + K2CO3 + H2O « 

C8H6C(CH8):(CH20H)2 + 2HC00K 4 - CO 2 . 

The a-phenyl-glycols, Ar • CHOH • C(OH)RR' exist in two stereoisomeric forms, 
according to the order in which the two substituents are introduced ( Tiffeneau, 
C.r. 178, 1724). 

When heated with dilute sulphuric acid, the 1 , 2 -phenyl glycols lose water, and 
form aldehydes or ketones. Primary-secondary, and primary-tertiary glycols 
give aldehydes without rearrangement, while di-secondary and secondapr- 
tertiary glycols either become ketones without rearrangement, or aldehydes with 
a migration of the phenyl group (Tiffeneau, Ann. ch. ph. [8], 10, 322; Bull. 49, 
1595, 1617; cf, pp. 205, 206, 400). 

Phenyl-glycol, styrolene alcohol^ CeH 6 CH(OH) •CH 2 OH, m.p. 67®, b.p, 273®, 
is obtained by the action of potassium carbonate solution on styrol dibromide. It 
is converted into henzoyUcarbinol^ and benzoyl-formic acid when oxidised with 
nitric acid. When warmed with dilute sulphuric acid it gives phenyl-acetalde¬ 
hyde. Under the action of 65% sulphuric acid, two molecules condense to give 
^-phenyl-naphthalene (p. 613). When heated with caustic potash it is reduced 
to vhenyUrnethyl-carbinol (p. 252) (Palfray, C.r. 193, 941). 

Methylene ether, b.p. 218®, is obtained from phenyl-glycol and formaldehyde 
{Hess. Ber. 32, 568). Phenyl-co-nitroethauol, CeH 3 CII 0 H-CH 2 N 02 , b.p. 163- 
165® (15 mm.), is obtained by condensing benzaldehyde with nitromethane under 
the influence of sodium methylate at temperatures below 8 ®. On warming it 

f ves u)-nitroslyrene (p. 444). Methyl ether, 140-141 ® (15 mm.) (Rosenmund, 

er. 46, 1034). For ring-substituted homologues see Ger. Pat. 247,817. 
S 2 /m-Ph 6 nylniefhyl-glycol, CJHsCHCOH) •CH(OH)‘CHi, a-modification, m.p. 
57®, /3-modification, m.p. 93®. This glycol occurs in two forms, like hydrobenzoin. 
They are obtained from the corresponding dibromide (from n-propyl benzene). 
Both forms mve phenyl-acetone when tailed with dilute sulphuric acid, and 
phenylmethyi-glyoxal when oxidised with nitric acid (Zincke, Ber. 43, 849). 

os-Phenylmetiiyl-glycol, CeH#(CHa)COH*CH 20 H, m.p. 41®, b.p. 161® (26 
mm.), is made by methods 1 and 3. When warmed with dilute sulphtiric acid it 
gives hydratropic aldehyde (Tiffeneau, Ann. ch. ph. ( 8 J, 10 , 322). 
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l-Ph6nyl-2,3-propylene-glycol, C«HiCHfCH(0H)*CH20H, b.p. 163® (12 
mm.), and 1-phenyl-3,4-butylene-glycol, C6HsCH*-CH**CH(0H) -CHjCOH), 
b.p. 178® (14 mm.), are obtained from glycerol-a-monochlor^drin by the action 
of phenyl- and benzyl-magnesium bromide, respectively (Ger. Pat. 164,8^; 
Grignard, Ann. ch. ph. [8], 10, 23). 

sym-Dimethyl-, methyl-ethyl-, and diethyl-phenyl-glycol, CeHcCIKOH)-- 
C(0H)R2, m.p. 63®, 85®, and 89®, respectively, are made by method 5. Under 
the action of cone, sulphuric acid, met%l-ethyl-phenyl-glycol is transformed into 
3-phenvlpentanone-2. C«H6 CH(CjH 6)COCH8, an ethyl group having migrated. 
When heated with 8% sulphuric acid, all three glycols suffer a * Aphony 1 migra¬ 
tion,'' being transformed into dimethyl-, methyl-ethyl-, and diethyl-phenyl- 
acetaldehyde, respectively (Tiffeneau, Bull. 3^ 736; Ann. ch. ph. [8], 16, 237). 
2-Phenyl-trimethylene-glycol, C8H6 CH(CHsOH)i, b.p. 146® (12mm.), is obtain^ 
from styrene and formaldehyde. Diacetate^ b.p. 176® (12 mm.) (Priwar, Week- 
blad, 14, 932). 2-Phenyl-2-methyl-trimethylene-glycol, (C 6 H 5 )(CHi) :C:- 
(CH*0H)2, m.p. 87®, is obtained from hydratropaldehyde by method 4 (Foumeau, 
Bull. 47, 858). 

l-Phenyl-l,3-butylene-glycol, CeHsCHOH-CHjCHOH-CH,, b.p. 168-169® 
(13 mm.), is obtained from benzoyl-acetone by reduction with sodium and ethyl 
alcohol (Baiier C,T. 154, 1092). 1-Phenyl-1,4-butylene-{rlycol, CeHsCHOH*- 
CH 2 CH 2 CHjOIi, m.p. 76®, is obtained from benzoyl-propionaldehyde (p. 408) 
and from benzoyl-propyl-alcohol by reduction. Phenyl-isopropyl-etnylene- 
glycol, C6H6[CH(0H)]2C5H(CH8)2, m.p. 81®, b.p. 286®, is obtained from benz- 
aldehyde and isobutylaldehyde by reduction. m,p-Methylene-dioxybenzyl- 
ethylene-glycol, [CH 2 O 2 I [3,41C6H8‘CH2GH(OH)CH^(OH) m.p. 82® and 
m,p-methylene-dioin^phenyl-methyl - ethylene - glycol, (CH 2 O 2 ) [3,4] Cells • CH- 
(OH)‘011(011) •CHi, m.p. 101®, is obtained from safrol (p. 452) and iso- 
aafrol, by the action of permanganate (Wagner, Ber. 24, 3488), or lead tetraace¬ 
tate (Criegee, Ann. 481, 300). Similarly, glycols are obtained from anethole, 
eugenol, and iso-eugenol, with m.p. 116®, 68®, and 88®, respectively. The gly¬ 
col formed from eugenol has been called hydrate-coniferyl alcohol; Klason (Ber. 
63, 1648) has obtained it from pentosanes, and supposes it to be the parent sub¬ 
stance of lignin. 

1-Phenyl-glycerol, atycerol, C 5 H 8 CH(OH) •CH(OH) •CH 2 (OH) m.p. 98-99®, is 
obtained from cinnamyl alcohol dibromide, CeHsCHBr'CHBr-CHsOH, by the 
action of permanganate on cinnamyl alcohol, or from a-phenyl-glycide alcohol, 

CeHein • O bn• CH 2 OH (waxy crystals, m.p, 26.6®) by the action of 0.02 iV 
hydrochloric acid at 0®. 

PHENYL-ALKYLENE OXIDES are obtained from the halogen hydrins of the 
phenyl-glycols by treatment with alkali, from the phenyl-alkylenes by the action 
of perbenzoic acid or benzoperoxide (Levy, Bull. 49, 1830), and from the quater¬ 
nary ammonium iodides of the aromatic amino-alcohols by the action of silver 
oxiae (McKenzie, Ber. 65, 805). When they are heated, alone or with dilute 
sulphuric acid or zinc chloride, they undergo rearrangement into aldehydes or 
ketones (Foumeau, C.r. 141, 662). Alcohmic potash opens the oxide ring and 
alcohol is added on (McKenzie, loc, cit.). 

Styrene oxide, phenyl-ethylene oxide, CeHs^H -O ^3H2, b.p. 191®, is obtained 
by the action of caustic potash on phenyl-glycol-iodohydrin, or by the action of 
perbenzoic acid on styrene (Hibhert, Am. 47, 2240). With dilute acids it gives 
phenyl-acetaldehyde and diphenyl-diethylene oxide (Tiffeneau, C.r. 146, 697), 

as-Phenyl-methyl-eihylene oxide, CeH»(CHi)6 • O ^3H2, b.p. 85-88° (17mm.), 
is converted into hydrotropic aldehyde on heating or by the action of dilute acids 
(Klages, Ber. 38, 1969). 

sj/m-Phenyl-methyl-ethylene oxide, CeHgiH'O'^H^CHg, b.p. 93° (16 mm.). 

7 -Phe^l-propylene oxide, CeH 6 CH 26 H *0 (ljHt, b.p. 94-98° (16 mm.) (Four- 
neau, C.r. 140, 1695). 

Maiiy ring-substituted phenyl-alkylene oxides have been prepared from vinyl- 
and propenyl-beozenes, such as anetholei isosafrol, etc, (see p« 450), either oy 
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direct ondation with hydrogen peroxide and alkali, or by way of the dibromide 
and <i!>hydroxy>|9'bromides, by the action of alcoholic potash (WeiU, Ber. 54, 

2327), Anethole oxide, CH,0[4 ]CJl6h O-^H CH,, b.p .132“ (11 mm.); 

isosafrol oxide, CHjOjI 3,41 COLfilH O in• CH,, b.p. 140-142“ (9 mm.). 

o->Nitropheiiyl-ethylene oxide, m.p. 65®, is the chief product of the action of 
diazometiiane on o-nitro>benzaldehyde (c/. Vol. I, p. 351). In the presence of 
dilute acids it first isomerises to o-nitroso-benzoyl-carbinol (p. 405), and is then 
transformed into methylol-benzisoxazolone {Arndt, Ber. 61, 1107). 


/NO, 

‘Kc- 


H\o/ 


-CH, 


/NO 

CeH/ 

\CO“ 


CH,OH 


/NCH,OH 


HALIDE ESTERS OF THE PHENYL-GLYCOLS, (a) Halogenokydrins. 
The reactions between the halogenohydrins of the phenyl-glycols and silver ni¬ 
trate and mercuric oxide are of special interest. Caustic alkalis (as mentioned 
above) remove the halogen acid forming alkylene oxides, but silver nitrate and 
mercuric oxide remove the halogen acid and at the same time bring about a migra¬ 
tion of the phenyl group, so that aldehydes or ketones are formed ( Tiffeneau, Ann. 
ch. ph. [8], 10, 322; BuU. 49, 1696, 1617): 


C,H6CH(0H).CHICH, 


-HI 


/CH, 

OCH-CH< 

\C,H5 



^ CH,CO CHii C,H, 


HI is probably removed from atoms attached to one and the same carbon atom. 
This is indicated by the fact that the iodohydrin ethers react with mercuric oxide 
in an exactly similar way to those of the glycols themselves, with migration of a 
phenyl group, and formation of phenyl-vinyl ethers {Tiffeneau, Bull. 1, 1205; 
C.r. 146, 29): 


CH,0C,H4CH(0C,H6) CHI-CH, 


-HI /CH, 

-► C,H,OCH:C<^^ 


•H 4 OCH, 


a-Phenylethylene-/3-iodohydrin, CfH^CHCOH) “CH,!, b.p. 148-152® (13 mm.), 
decomposing into HI and acetophenone. It is obtained by the action of iodine 
and yellow mercuric oxide on styrene in aqueous-ethereal solution. The isomeric 
a-phenyl-ethylene-a-iodohydrin, GeH,CHI“CH,(OH), m.p. 79®, is obtained by 
the addition of HI to styrene oxide ((5.r. 145, 811; 146, 697). 

^-Phenyl-propylene-iJycol-a-chlorohydrin, C6H,(CH,)C(OH) “CHaCl, b.p. 
124® (17 mm.), is obtained by the action of phenyl magnesium bromide on 
chloroacetone, and of methyl magnesium iodide on oi-chloro-acetophenone. It 
is also obtained by the addition of hypochlorous acid to isopropeny 1-benzene. 
Fromohydrin, b.p. 141® (19 mm.). Iodohydrin, b.p. 146® (12 mm.) {Tiffeneau, 
Ann. ch. ph. [8], 10,146). ^-Phenyl-trimethylene-glycol-a-chlorohydrin, Cm#- 
CH0H“CH2CH,C1. b.p. 142® (20 mm.), is obtained by the action of phenyl 
magnesium bromide on /9-chloFopropionaldehyde. Benzyl-glycol-chlorohydrin. 
CeH,CHsCH(OH) •CH 2 CI, b.p. 163® (27 mm.), is obtained by the action of phenyl 
magnesium bromide on epichforohydnn {Foumeau, Bull. 1, 1227 ; 25, 864). 

( 0 ) Dihalides ,—^These are the addition products of the olefine-benzenes and 
halogens. The dibromides of olefine-phene^ and their ethers recall the hydroxv- 
phenyl halides (pseudophenol halides, p. 339) in that the bromine atom in the 
a-ppsition to phenyl is remarkably mobile. When treated with aqueous acetone, 
Boaium ethylate, potassium acetate, aniline, etc,, it is readily replaced by the 
groups'OH, OEt, OAc, NHPh, etc. (see also p. 450). A remarkable reaction 
occurs with concentrated nitric acid, when the a-bromine atom migrates to the 
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nucleus and a-ketones are formed. Thus, anethole bromide (see below) gives 
(CH,0)BrCJI»CO-CHBr-CH, (Hdnng Ber. 38, 3468). 

St^ene dichloride, a,fi-dicfuoroethyU)eme'ne^ CeHsCHClCHsCL is a liquid. 
S^ene dibromide, m.p. 74.5". Ane^ole dibromide, CHgOCeHiCHBr^CHBr-- 
CH,, m.p. 66". Isosafrol dibromide, CH2(0),CJI,CHBr CHBrCH,, m.p. 87" 
(TTawocA, Ber. 28, 2719). 

PHENYL- AND HYDROXYPHENYL-HYDROXYALKYL AMINES. These 
compounds have acquired great importance since it was discovered that substances 
of considerable physiological interest, such as ephcdrine and especially adrenaline,, 
belong to this class. They are obtained: (f ) by the action of amines on phenyl- 
glycol halogenohydrins; (2) from phenyl-ketols or phenyl-paraffin diketones by 
reduction in the presence of amines; (6) from aromatic isonitroso-ketones, amino- 
ketones, hydroxy-nitriles, and keto-nitriles by reduction; (4) from phenyl-halo- 
genoalkyl-ketones by reduction in the presence of amines; (5) by the reduction 
of aromatic nitro-alcohols, obtained by the action of nitromethane and alkali on 
aromatic aldehydes. A .^cial method for the preparation of hydroxy-alkyl 
amines with a primary OH g;roup consists of treating diprimary glycols with a 
solution of hydrogen bromide in facial acetic acid, and acting on the resulting 
bromo-acetates, Ar*C(CHa)(CH 2 Br) •CH20C0CHj, with primary or secondary 
amines {Foumeau, Bull. 47, 858). 

The reduction is usually carried out with sodium amalgam, or electrochemically. 

A number of compounds belonging to this group are known in several stereiso- 
meric forms, and in optically active forms. 

A considerable volume of fiterature on this subject has grown since the pharma¬ 
cological importance of the group was discovered. 

Methylamino-phenyl-carbinol, methylamino-benzyl alcohol, CeHsCHOH*- 
NHCHi, m.p. 180" (decomp.), is obtained from mandelo-nitrile by reduction 
with stannous chloride or zinc dust in dilute alcoholic solution (TToo^ J. 127, 96). 

1- Amino-2-phenyl-ethan-2-ol, phenyl-hydroxyethyl amine, CgHsCHOH*- 
CH 2 NH 2 , m.p. about 40"; its hydrochloride softens at 136", and melts at 211". 
The picrate melts at 154". The substance is obtained by reduction of mandelo- 
nitrile with sodium amalgam (Ger. Pat. 193,634), or from w-amino-acetophenone 
hydrochloride or hydrobromide (Mannich, Arch. Pharm. 253, 181). ^ 

2 - Amino-1-phenyl-propan-1-ol, noraphredrine, mydriatine, CgHsCHOII • CH- 
(NH 2 )CHi, occurs in two stereoisomeric forms, each of which can exist in a 
racemic and two optically active forms. The stereoisomerides have the following 
constitutions: 


CeH, 


OH NH, 


CH, 


H II 

Norephedrine 


OH N 

cai.—c—(!;—CH, 
A NH, 

Nor-^phedrine 


Dextro-rotatory ^-norephedrine is found together with ephedrine and its homo- 
logues in the Chinese drug ma^huarig, obtained from Ephedra vulgaris (McKenzie, 
Ber. 65, 799). It has been prepared synthetically by reducing phenylnitro- 
propanol (which gives both stereoisomers, Kay\,ao, Pharm. Japan, 48, 122), iso- 
nitroso-propiophenone (Coles, Am. 51, 2269), or the oxime obtained by the action 
of methyl magnesium iodide on d-mandelic amide (Leithe, Ber. 65, 664). The 
melting points are: norephedrine: (active) 60-62"; (d,/) 104-105"; hydrochlo¬ 
ride: (active) 171-172"; (d,l) 183"; nor-^-ephedrine: (active), 77.6-78"; (d, j 
71®. On methylation, the stereoisomers give ephedrine and ^-ephedrine, respec¬ 
tively. ♦ 

2 -Methylamino-l-phenyl-propan-l-ol, ephedrine, C®H6CHOH*CH(NHCH|)- 
CH|, occurs in the stereoisomeric forms with the constitutions: 


CgH, 


OH NHCH, 

-(!)—(!/—cHi 


i i 


Ephedrine 


c.n. 


OH H 

(Ij-(Ij- 


-CH, 


i Ahch, 

^Ephedrine 
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{Schmidt^ Arch. Pharm. 253, 52; Fre^idenherg^ Ann. 510, 223), l-Ephedrine and 
d<^-ephedrine are found in the Chinese drug ma-htbang. Melting points: Ephed* 
line: active, 40-60*^; d,Z, Id"*] hydrochloride, active, 216-217®; d,Z, 187-188®. 
^-Ephedrine: active. 117-118°; d,Z, 118®: hydrochloride, active, 182®; d.Z, 
164®. The ‘'normal' ^ and pseudo-compounds are separated by making use of tne 
different solubilities of their hydrochlorides in alcohol. The racemic bases are 
resolved into their antipodes by means of the i-tartrates (Kamao, loc. cit ,). 

The two forms of ephedrine have been obtained synthetically as follows: from 
phenyl-acetyl carbinol, acetyl-benzoyl (Br. Pat. 336,412), bromo-propiophenone 
(Ger. Pat. 472,466), and from l-phenyl-l-methoj^-2-bromo-propane (Spdth^ 
Ber. 58, 1268). The physiological action of ephedrine is similar to that of 
adrenaline. It causes an increase in the blood-pressure owing to contraction of 
the blood vessels. It is a mydriatic, and it excites the sympathetic nervous sys¬ 
tem (CAen, J. Pharm. Ther. 24, 339). 

When heated with acetic anhydride, ephedrine is converted into (acetyl) 
ephedrine (Kanao, Pharm. Japan, 1927 and 1928); and conversely ^-ephedrine is 
converted into ephedrine by heating with hydrochloric acid (Spdlh, Mo. 41, 310). 
Both hydrochlorides decompose when heated in the dry state to give methyl- 
amine and propiophenone {Schmidt. Arch. Pharm. 247, 141). With benzalde- 
hyde, ephedrine forms 2^b-diphenyU2A’^imethyUtetrahydro^oxazole, m.p. 93.6® 
(Stratton, J. 1932, 1133). For the halides of active ephedrine and ^-ephedrine, 
see Gossner, C. 1933, II, 2978; and for hexahydro-ephedrine and ^-ephedrine, 
racemic and optically active, and for the configuration of the two bases, see 
Skita, Ber. 66, 974, 983. 

Many homologues of ephedrine and related compounds have been prepared by 
varying the starting materials. Ring-substituted phenyl-ketols, the derivatives 
of hydroxy- and methoxy-aldehydes, give compounds substituted in the phenyl 
residue; higher phenyl-alkyl ketones give derivatives with longer carbon chains; 
derivatives with ethyl, phenyl, and benzyl attached to the nitrogen have also been 
prepared. One methyl-ephearine is found in Ephedra vulgaris (Skita, Ber. 65, 
799). For the syntheses of these compounds, see Roller, Mo. 47, 397; Hyde, 
Am. 50, 2218; Arch. Pharm., 271, 51; U. S. Pat 1,799,110; Ger. Pats. 624,806 
and 525,839. 

The following are isomeric with ephedrine: 3-methylamino-2-phenyl-propan- 
2-ol, CeH 6 (CH 3 )C(OH)CIl 2 NHCH,, b.p. 137® (38 mm.), and 3-methylamino-l- 

phenyl-propan-2-ol, C 6 H 6 CH 2 CH(OH)CH 2 NHCHa, b.p. 148® (22 mm.), obtained 
by method 1 (Fourrbcau, J. pharm. chim. 20, 481). 1-Methylamino-l-phenyl- 
propan-2-ol, CeH6C(NHCH3)CH(OH)CH3, is an oil, obtained from a-bromo- 
benzyl-methyl ketone and methylamine, followed by reduction; hydrochloride, 
m.p. 191-193® (Ende, Arch. Pharm. 249, 354). 

1- Phenyl-2-ammo-butan-l-ol, C 6 H 5 CH(OH)CH(NH 2 )C 2 H 6 , m.p. 81®; 1- 

phenyl-2-amino-pentan-l-ol, C«H,CH(OH)CH(NH 2 )C,H 7 , m.p. 70-71®, and 
other homologues of this series have been obtained from the isonitroso-compounds 
of phenyl-alkyl ketones (Hartung, Am. 52, 3317). « 

2 - MethyIamino-l-p-hydroxyphenyl-ethan-l-ol, sympathoL (HO) [4IC«H4CH- 
(OH) •CH 2 NHCH 3 , m.p. 184-185®, is obtained from anisaldehyde cyanhydrin 
(Arch. Pharm. 269, 606). 2-Ammo-l-m,p-dihydroxy-phenyl-etlian-l-ol, nor¬ 
adrenaline, arteranol, (HO)2[3,4]C6H3CH(OH)CH2NH2, is a white crystalline 
powder, m.p. 191® (decomp.), obtained by the reduction of amino-aceto-catechol, 
or from protocatechu-aldehyac-cyanhydrin (Ger, Pat. 193,634) or from w-amino- 
3,4-dihydroxy-acetophenone hydrochloride (Arch. Pharm. 269, 603). 

Adrenaline, suprarenin, epinephrin, l-(m,p-dihydroxy-phenyl)-2-methylamino- 

eihan-l-ol, (HO)f[3,4]CeHi[l]CH(OH) •CH 2 NHCH 8 , was the first hormone to 
be isolated from animal organs (1901). See Vol. II, p. 579. 

In addition to the synthesis given there, adrenaline can be obtained from vera- 
traldehyde as follows—the aldehyde is converted into the cyanhydrin, then into 
the ketonitrile, then the amino-methyl-ketone Ar'CO'CHaNHa, then the p- 
tolusulphonic compound, N-methylation, and reduction with decomposition 
(Arch. Pharm. 269, 587). Homologues and analogues of adrenaline have been 
prepared from aromatic aldehydes through the benzoyl cyanides (ibid,, 583). 
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Certain oxidation products obtained from adrenaline, of unknown constitution, are 
catalysts for oxidation processes, for the deamination of amino-acids (BHx^ 
Skand. Physiol. 56, 131). A number of adrenaline derivatives have a physio¬ 
logical action similar to that of adrenaline itself. Adrenaline-dimethyl ether, 
(CH80)2CeH8CH(0H) •CH 2 NriCHi, m.p. 104°, and adrenaline-methylene ether, 
CH 2 ( 0 ) 2 C«H|CH( 0 H) •CH 2 NHCH 8 , m.p. 96*^, are formed from the bromo- 
hydrins of the corresponding olefine-phenol ethers with mothylaminc (Mannich, 
Arch. Pharm. 248, 127). 


2. Phenyl-alcohol Aldehydes 

Just as aldol is formed by the condensation of two molecules of acetaldehyde, 
nitrobenzaldehydes condense with acetaldehyde under the action of very dilute 
sodium hydroxide ( 2 %) to form the corresponding aldols, the nitrophenyl- 
hydracrylic-aldehydes, N 02 C®H 4 CH(OH) •CH 2 CHO, and these will add on 
another molecule of acetaldehyde. Dehydrating agents, such as acetic anhydride, 
convert them into nitro-cinnamic aldehydes {(idhring^ Ber. 18, 719). Primary, 
aldehydo-alcohols are obtained by the action of formaldehyde and caustic potash 
on phenylalkyl aldehydes (Fourncau, Bull. 47, 850). 

a-Hydroxyphenyl-acetaldehyde, inandthc aldehyde, CaHsCHOHCHO, is an 
unstable oil, which readily changes into benzoyl-carbinol (see below); semicarba- 
zone, m.jp. 222° (deconip.). It is prepared from styryl-urethane, CelliCH:- 
CH-NH(jOOC 2 H 6 , through its dihydroxy-derivative, which is added to boiling 
alcoholic sulphuric acid (Rinkes, Rec. 39, 704). 

o-Hydroxy-mandelic aldehyde, o-hydroxyphenyl-glycol-aldehyde, HO[ 2 ]C 6 H 4 - 
CH(OH)CHO, m.p. 64°, has been obtained from coumarone dRMoride (Vol. IV) 
by decomposing it with sodium acetate (Stoermer, Ann. 313, 96). 

Benzyl-glycol-aldehyde, CeH 6 CH 2 CHOH*CHO, m.p. 51.5-52°, is obtained by 
the action of barium carbonate on a-bromohydrocinnamic aldehyde (Danilov, 
Ber. 63, 2765). In acidic alcoholic solution it undergoes a transformation to 
phenyl-acetyl carbinol (p. 406). 

2-Phenyl-2-methyl-propan-l-ol-3-al, CH20H-C(CeH5)(CH3)CH0, m.p. 88- 
89°, is obtained from hydratropic aldehyde (Fourneau, Bull., 47, 850). Its 
methyl ether, b.p. 123-124° is oxidised with silver nitrate (Beaufour, BuU. 27, 
148). 

Phenylrglyceraldehyde, C«H6CH(OH)CII(OH)CHO, is formed as a dimethyl- 
acetal, m.p. 80°, by the oxidation of cinnamic aldehyde acetal with permanganate; 
phenyihydrazone, m.p. 170° (Fischer, Ber. 31, 1995). Phenyl-tetrose, CsH®- 
CH(OH)CH(On)CIi(OH) -CHO, is a colourless syrup, formed by the reduction 
of phenyl-trihydroxy-butyric lactone (p. 421). Phenyihydrazone, m.p. 164°. 


3* Phenyl-ketols 

Acetophenone alcohol, benzoyl carbinol, C«H 5 C 0 CH20H, m.p. 
73-74°, hydrated, 87°, anhydrous, cryst. from ether. This com¬ 
pound is an oxidation product of phenyl-glycol, or can be obtained 
from its halides, w-chloro- and «-bromo-acetophenone (see below) by 
converting them into the acetate, which is then hydrolysed with so¬ 
dium carbonate {Plochl, Ber. 16, 1290; Stoermer, Ber. 39, 2294; 
Madelung^ Ber. 65, 935). It is also obtained from w-diazo-aceto- 
phenone by the action of dilute sulphuric acid, and from benzene 
and acetyl-glycolic chloride by the action of aluminium chloride 
{Anschutz, Ann. 368, 89). 

On distillation it decomposes with formation of benzaldchvde. Being a ketonci 
benzoyl carbinol forms crystalline compounds with alkali bisulphites, an oxime, 
m.p. 70°, with hydroxylamino, a phenyihydrazone, m.p. 112°, with phenyl- 
hydrazine, and the osazone of phenyl-glyoxal (p. 407). Like acetyl-carbinol it 
reduces amihoniacal silver nitrate even in the cold, forming benzaldehyde and 
benzoic acid; it also reduces alkaline copper solutions forming mandelic acid (p. 
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409). Nitric acid oxidises it to phenyl-glyoxylic acid (p. 422) {Michael. Ber. 14, 
2100 ). It gives a cyanhydrin with HCN, which is the nitrile of a-phenyl-glyceric 


acid, or atroglyceric acid (p. 419), 

C«H.C(OCH,)—O- 

&is-Methyl-benzoyl carbinol, I _ 

CHj- 


-CH, 


-A 


(0CH,)CJH5 


m.p. 192® 


is formed by the action of methyl alcohol and hydrochloric acid on benzoyl carbinol 
{Fischer Ber. 28, 1161). Benzoyl-carbinol acetate, CBHiCO CHjOCOCH*, 
m.p. 49^, b.p. 270®. Benzoate, m.p. 117®, Phenyl ether, m.p. 72®. 

a)-Mercapto-acetophenone, phenacyl-mercaptan, CJIsCOCHiSH, m.p. 23-24®, 
is obtained by the action of pnenyl-acyl bromide on sodium hydrogen sulphide. 
Keto-form, m.p. 81®, enol form, m.p, 168-170® {Groth, Ark. Kemi 9, 1). Much 
diphenacyl disulphide. (C 6 H 4 COCH 2 ) 2 S 2 , is fonned at the same time. Diphenacyl 
stilphide, (C«H5C0CH2)S, m.p. 77®. Diphenacyl sulphoxide, (C 6 H 6 COCH 2 ) 2 SO, 
m.p. 98®. Sulphone, m.p. 120® {Fromm, Ann. 394, 310; 399, 353). 

<tf-Chloroacetophenone, phenacyl chloride, CeH^COCHaCi, m.p. 59®, b.p. 247®, 
is obtained by the chlorination of boiling acetophenone, by the action of hydrogen 
chloride on diazoacetophenone (see p.405) {Arndt, Ber. 61,1122), and from ben¬ 
zene and chloro-acetyl chloride in the presence of aluminium chloride. 

w-Bromoacetophenone, phenacyl bromide, C»HBCO*CH 2 Br, m.p. 51®, produces 
a vapour which strongly attacks the mucous membrane. It is obtained from 
acetophenone and bromine, from benzene by the action of bromo-acetyl bromide 
and aluminium chloride, by the action of hot water on dibromo-atrolactinic acid 
{Bottinger, Ber. 14, 1238), and when a-bromo-styrene is allowed to stand in air, 
when a migration of the bromine atom takes place ( Dufraisse, C.r. 172, 162). It 
adds on methyl-ethyl sulphide to form phenacyUmethyUethyl-sulphiniurn bromide, 
C 8 H 6 COCH 2 S(Me)(Et)Br, which was the first compound with an asymmetric 
sulphur atom to be resolved into its optical antipodes by means of bromo-camphor- 
sulphonic acid. With excess alcoholic ammonia, phenacyl bromide gives di- 
phenyMihydropyrazine (Vol. IV). With carboxylic amides and thioamides the 
«-halogeno-acetophenones give oxazole and thiazolo derivatives (Vol. IV). Phen¬ 
acyl bromide can be used for the identification of acids by means of their benzoyl 
carbinol esters. Those w-halogeno-acetophenones which contain hydroxyl groups 
in the 0-position, such as gaUo-chloroacetophenone, CeH 2 (OH)iCOCIl 2 Cl, and 
oj-bromoresacetophenone, easily pass into cournarone derivatives with loss of the 
halogen acid {Brull, Ber. 30, 299). 

cu-lodoacetophenone, phenacyl iodide, CeHBCOCH 2 l, m.p, 30®, is obtained by 
the action of potassium iodide on «-bromo- or w-chloroacetophenone {Pool, Ber, 
32, 532). With silver nitrite it gives 

a>-Nitroacetophenone, C 6 H 6 COCH 2 NO 2 , m.p. 108®. This is also obtained from 
its dimethyl acetal, CeHsCCOGHj)* CH 2 'N 02 , which is itself obtained from phenyl- 
bromo-nitro-ethylene, C^sCH: CBrN02, by the action of alcoholic potash. It is 
also formed when its oxime, CeHiCCNOH) •CH 2 NO 2 ; m.p. 96®, is hydrolysed. 
The oxime can be obtained from styrene-pseudonitrosite (p. 443) by boiling with 
alcohol {Wieland. Ber. 36, 2558). It dissolves in caustic potash to give the salt 
CjHbCOCHiNOOK, It is reduced by stannous chloride to 
w-Aminoacetophenone, CeHB-CO-CH 2 NH 2 , a compound which is also obtained 
by the catalytic reduction at 18® of benzoyl cyanide (Arch. Pharm., 269, 581). 
It is only known in solution. Its hydrochloride, m.p. 186-187® (decomp.), is ob¬ 
tained by the reduction of isonitroso-acetophenone with tin and hydrochloric acid 
{Rupe, Ber. 28, 254), or by decomposing phthalimino^cetophenone, 0 * 114 ( 00 ) 2 - 
NCHiCOCeHi. which is obtained by the action of a)-bromoacetophenone on 
potassium phtnalimide, or from phthalyl-glycyl chloride and benzene in the pres¬ 
ence of aluminium chloride. Like the aliphatic a-amino ketones, cd-aminoaeCto- 
phenone in the free state is unstable. When it is liberated by the action of sodium 
nydroxide or ammonia from its hydrochloride, it immediately loses water, forming 

>N-CH2y 

diphenyl^ihydropyrazine, * 0*115 (Vol. IV). The latter is, 

therefore, also obtained when ammonia acts on v-bromoacetophenone (see above). 
When it is heated with hydrochloric add, the l^drochloriae of cn-amino-aceto- 

g henone is reformed. Diphenacyl-amine, (OeIl 5 COCH 3 ) 2 NH, m.p. 75®, is a 
y-product, formed in small amounts, when a>-bromoacetophenone is acted upon 
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by ammonia. With excess of caustic soda, a}-aminoacetophenone gives an oxy¬ 
genated base, 0181116^20. m.p. 131®, which readily loses water and gives a base 
isomeric with diphenyl-aihydropyrazine, probably, Zfi-diphenylA^-arninopyrroU 

< QII“=z=n::nC • CcHs 

I {Gabriel^ Ber. 41,1127). With sodium nitrite, the hydro- 

C(C6H6):CNH2 


chloride of oi-aminoacetophenone gives o>-diazoacetophenone, bemoyl^iazo^ 
methane, CeHsCOCHNaj m.p. 50®, which is also obtained by the hydrolysis of 
diazobenzoyl acetone with ammonia (p. 408). w-Diazoacetophenone, like the 
other diazo-ketones, is most conveniently prepared from benzoyl chloride and 
diazomethanc {Arndt, Ber. 61, 1122, 1949 ; 66, 1012). On boiling with dilute 
sulphuric acid, diazoaoetophenone is decomposed into nitrogen and benzojrl- 
carbinol. With iodine it gives (a-diiodo-acetovhenone, C 6 H 6 COCHI 2 , and with 
potassium cyanide it gives the potassium salt of phenaq^l-azo cyanide, CeHs- 
C0CH2N:NCN, colourless crystals, m.p. 72® (decomp.). Sulphuric acid con¬ 
verts this salt into phenacyl-CLzo^arboxylamide, C 8 H 8 COCH 2 N:NCONH 2 , m.p. 
217° (decomp.) (Wolff, Ann. 325. 141). 

The hydrazones of the phenyl-acyl-amines, Ar*COCH 2 NH 2 , have all been 
obtained in a high melting sjyn-forra (I), and a low melting awif-form (II), and in 
some cases, in a third form which is a molecular compound of (I) and (II): 


Ar-C-CHaNHR 

lr-NB4 


ArCCHjNHR 

RjN-lr 


(I) 


(II) 


co-Methylamino- and -dimethylamino-acetophenone, and a>-trimethylamino- 
acetophenone bromide, C 6 H 6 COCH 2 N(CHj)iBr, are produced from phenacyl 
bromide by the action of mono-, di-, and trimethylamine. «-Acetophenone- 
aniline, C«H 6 *CO-CH 2 NHC 6 H 5 , m.p. 93®, is formed from w-bromoacetophenone 
and aniline (Miklan, Ber. IS, 2467), and readily condenses to a-phenyl-indole 
(Vol. IV) (Fischer, Ber. 21, 1071; Staedel, Ber. 21, 2196; Culmann, Ber. 21, 
2596). 

p-Bromophenacyl bromide, Br[4]C6H4COCH2Br, m.p. 108-109, is obtained 
by the action of bromine on p-bromoacetophenone at 20® (Langley, Org. Synth. 
9, 34, 129). 

o-Nitroso-benzoyl carbinol, m.p. 103®-104® (decomp.), is obtained from o- 
nitropheny 1-ethylene oxide by isomerisation in the presence of acids (p. 400) 
(Arndt, Ber. 60, 452; 61, 1113). o-Amino-benzoyl carbinol, m.p. 98®, is ob¬ 
tained by reducing o-nitroso-benzoyl carbinol with hydrazine, and is converted by 
dilute alkalies to indoxyl (Vol. IV) (Arndt, loc. cit.). 

p-Aminobenzoyl carbinol, NH2[4]C6H4C0CH20H, m.p. 165° is formed by 
rearrangement of p-acetamino~phenacyl chloride, CH*CONHC 6 H 4 COCH 2 Cl, m.p. 
212®, obtained synthetically from ac*etanilide and chloroacetyl cliloride in the pres¬ 
ence of aluminium chloride (Knthckell, Ber. 33, 2644). 

o-Nitro-<o-diazoacetophenone, m.p. 105-106®, is formed from o-nitrobenzoyl 
chloride by the action of diazomethane, and is decomposed by dilute acids con¬ 
taining oxygen into nitrogen and N-hydroxy-isatin (Vol. IV) (Arndt, Ber. 60, 
1367). 

a-Bromo-propiophenone, Cells*CO CHBrCH*, b.p. 136-137® (10 mm.), is 
obtained from a-bromopropionyl chloride and benzene in the presence of alumin¬ 
ium chloride. With potassium acetate it gives the acetate of a-hydroxy-propio- 
phenone, b.p. 125-126® (14 mm.) (A^iwers, Ber. 50, 1177). 

a-Amino-propiophenone, C 6 H 8 -CO*CH(NH 2 )CHi, hydrochloride m.p. 183®, is 
formed by the reduction of isonitroso-propiophenone, or from phthalyl-alanyi 
chloride (p. 387), benzene, and aluminium cnloride. Like w-amino-acetophe- 
none, the free base spontaneously loses water and becomes 2,5-dimethyl-^,6- 

.N—CH(CH,)v 

diphenyl-dihydropyrazine, CeHsC^ ^CCeHi. With hydrogen chlo¬ 

ride, the latter gives a small quantity of the original amino ketone, but chiefly 
the isomeric compound, a-amino-a-phenyl-aoetone, C|H8CH(NHt)COCHi, 
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which has also been obtained by reducing isonitrosophenyl-acetone {Gabriel, Ber. 
41 , 1146). 

pritn.-Phenace^l carbinol, CeH5CHjC0CH20H, m.p. 47-48®, is produced by 
a thermo-catalytic rearrangement of phenyl-glycide alcohol, CftHiCH-O'CH*- 

CHjOH {Weill, C.r. 194, 977). Phenyl-acetyl carbinol, C6H6CH(OH)COCH,, 
b.p. 206-207®, is obtained from a-bromobenzyl-mothyl ketone, CeHsCHBrCOCHi, 
by the action of silver oxide, or through its acetate {Carapelli, Gazz. 33, II. 261). 
It can also be obtained from benzyl-glycol aldehyde by the action of slightly 
acidified alcohol {Danilov, Ber. 6^ 2774). 

Benzoyl-methyl carbinol, C6H*COCHOH*CHi, b.p. 250-252®, is obtained by 
the hydrolysis of its acetate {Auwers, Ber. 50, 1180), and is also formed by the 
spontaneous rearrangement of the isomeric phenyl-acetyl carbinol (see above). 
A biochemical synthesis of this compound from benzaldehyde and acetaldehyde 
under the action of the yeast enzyme carboligase, has been described by Neuberg 
(Bio. Z. 128, 610; 144, 44), but has been called in question by Dirscherl (Z. 
physiol. Chem. 201, 79). 

a-Benzylamino acetone, CeH 6 CH 2 CH(NH 2 )COCHi, hydrochloride, m.p. 127®, 
is obtained by the reduction of isonitroso-bciizyl acetone {Sonn, Ber. 40, 4666). 

0 - and p-Nitrophenyl-hydracrylic ketones, m.p. 69® and 58®, correspond to the 
nitro-phenyl-hydracrylic aldehydes (p. 403). They are condensation products 
of o- and n-nitrobenzaldehydes and acetone, in the presence of very dilute 
caustic soda. When the o-ketone is boiled with water, or treated with an 
excess of sodium hydroxide, indigo is formed {Baeyer, 1883). 

2,4-Dihydroxybenzoyl Carbinol, (H0)2[2,41C6H8C0CH20H, m.p. 189®, 

is obtained from glycolic nitrile, chloro-carbonic ester and resorcinol (Sonn, Ber. 
55,2975), or from 2,4-diacetyl-resorcylic chloride and diazomethane, through the 
triacetate which is hydrolysed by alcoholic ammonia {Nierenstein, Am. 46, 2551). 
Its o),4^imethyl ether is a degradation product of fisetin (Vol. TI, p. 445). 

<zs-<d-Ch]oroacetocatechol, (HO)2[3,41C«H|[l]COCH2Cl, m.p. 173°, is formed 
from catechol, chloracetic acid, and phosphorus oxychloride, or by a rearrange¬ 
ment of catechol monochloro-acetate {Olt, Ber. 59, 1071; Rosenmund^ Ber. 61, 
2601). With methylamine it gives oi-methylamino-acetocatechol, adrenalon, 
(H0)2[3,41C«H,[1JC0CH2-NHCH8, m.p. 229® (decomp.), which is also ob¬ 
tained from amino-dimethoxy-acetophenone by methylation, followed by prepa¬ 
ration of the tolusulphonic compound, and hydrolysis with hydrochloric acid 
(Arch. Pharm. 269, 587). Its action is similar to that of adrenaline, but 200 
times weaker. Hydrochloride, m.p. 243® (decomp.). These two ketones are 
important intermediates in the synthesis of adrenaline (Vol. II, p. 579). 

/8-Methoxy-butyrophenone, C(jHfiCCH 2 CH(OCH 8 )CH,, b.p. 119-121® (8 
mm.) is obtained from acetophenone and acetaldehyde in the presence of sodium 
methylate. It loses methyl alcohol easily, becoming propenyl-phenyl ketone 
(p. 460) {Dufraisse, Bull. 41, 843). 

w-Benzoyl-butyl alcohol, C«H#*CO-(CH2)j-CH20H, m.p. 40® {Kipping, J. 
57, 304). 

/9-Animo-propiophenone, C 8 H*CO-CH 2 *CH 2 NH 2 ; hydrochloride, m.p. 128®. 
The latter is formed from j8-phthalyl-alanyl chloride and benzene in the presence 
of aluminium chloride. Sodium hydroxide liberates the free base as an oil 
{Gabriel, Ber. 41,244). 7 -Amino-butyrophcnone, CeHgCO • CH2CH2 • CH2NH2, is 
unstable. As soon as it is formed it loses water and becomes 2-phenyUpyrroline, 

/NH—CH, 

CeHsC^ r 
^CH—CH, 

6 -Amino-valerophenone, C«H 5 COCH 2 -CH 2 *CH 2 *CH 2 NH 2 , behaves similarly, 
becoming 2 -phenyl-tetrahydro-pyridine. The compound itself is obtained from 

S ’’imido-valeric acid. c-Aiidno-caprophenone, C 6 H 6 CO(CH 2 ) 4 CH 2 NH 2 , hy- 
oride, m.p. 154®, on the other hand, shows no tendency to lose water. The 
free base is an oil witn a peculiar smell, volatile with steam {Gabriel, Ber. 41, 
244, 513,2014). 

Triphenaqrl-methylamine, (CeH 2 COCH 2 CH 2 )jN, hydrochloride, m.p. 201 ®; the 
latter is formed when acetophenone is heated with ammonium chloride and 
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formaldehyde. The base, when distilled with steam, breaks up with the forma¬ 
tion of phcnyl^vinyl ketone (p. 460) (Schdfe, Ber. 39, 2181). 

4. Phenyl-aldehyde Ketones 

a-KETOALDEHYDES. Phenyl-elyoxal, CeHsCO CHCOH)*, m.p. 73*», b.p. 
of the anhydrous substance 108-110^ (16 mm.), has a pungent smell. It can be 
prepared from its aldoxime, isonitroso-acetophenone, by boiling the bisulphite 
compound of the latter with dilute sulphuric acid {Muller, Ber. 22, 2667), or with 
crystals of nitrosyl-sulphuric acid (Neuberg, Bio. Z. 229, 443)^ or in 60% yield, 
by oxidising a neutral aqueous solution of benzoyl carbinol with copper acetate 
(Heme, Physiol. Ch. 198, 102); or by brominating benzoyl-carbinol acetate, and 
acting on the product with sodium hydroxide {Madelung, Ber. 65*935). Aucalis 
convert it into mandelic acid (p. 409). Under the influence of KCN it condenses 
to benzoyl-formoin, just as benzaldehyde condenses to benzoin. With diamines 
it forms quinoxalines (Vol. IV); with dimethylaniline it gives benzoyl-tetra- 
methyl-diamino-diphcnyl-methane {Madelung, loc. dt.). Its aldehydo-hydra- 
zone. C«H 6 C 0 *CH:N*NH 2 , m.p. 120-121®, is obtained by the action of hydrogen 
sulpnide on diazo-acctophenone {Wolff, Ann. 394, 23). 

a>-Dichloroacetophenone, CeHsCOCHCh, b.p. 253® {Dyckerhoff. 10, 631). 
cj-Dibromoacetophenone, CeHsCSOCHBr-i, m.p. 36® {Hunnins, Ber. 10, 2010; 
Fittig, Ann. 195, 167; Evans, Am. 35, 1770). Diiodoacetophenone, seep. 406. 
ctf-Dichloro-o-nitroacetophenone, m.p. 73® {Gevekoht, Ann. 221, 328). w-Di- 
chloro-o-nitroacetophenone, m.p. 73® {Gevekoht, Ann. 221, 328). w-Dibromo-o-, 
and p-nitroacetophenone, m.p. 85®, 69®, 98®, respectively {Engler, Ber. 18, 
2240 ; 20, 2220; 22, 204). Benzoylmethionol, CftHsCO-011(80806118)2, m.p. 
96®, is obtained by heating diphenyl methionate and benzoyl chloride in benzene 
solution with sodium {Schroeter, Ann. 418, 235). m-Nitrobenzoyl-formaldehyde, 
(02N)[3]06H400-OHO^ is a viscous, straw-coloured oil. obtained from the 
carbinol by heating it with aqueous cupric acetate {Evans, Am. 33, 1772). 

Isonitroso-acetophenone, benzoyl fformoxime. 06H800-0H(N*0H), 127®, 

is prepared from acetophenone (p. 283) {Soderbaum, Ber. 25, 3459; Wisland^ 
Ann. 358, 66). When reduced it gives diphenyl-pyrazine (Vol. IV). 

Phenyl-glyoxime, 06H6-0(N0H) •OH(NOH), is known in two modifications 
(c/, benzil-dioximes): 

Oelle. 0-0 • H 06H8 - 0—0 • H 

ioH ioH UO.I. ioH 

Phenyl-ampAi-glyoxime, m.p. 168® Phenyl-anft-glyoidme, m.p. 180® 

Phenyl-amphiglyoxime is prepared from «-dibromoacetophenone or isonitroso- 
acetophenone by the action of hydroxylamine. With hydrogen chloride in pure 
ether it changes into the anii-form, but this reverts to the amphuform on re- 
crystallisation from an indifferent solvent; c/. phenyl-glyoxime peroxide and 
phenyl-furoxan {Russanov, Ber. 24, 3497). p-Tolyl-glyoxime and p-chloro- and 
p-bromo-phenyl-glyoximes also exist in two forms; they are prepared in a simi¬ 
lar way to phenyl-glyoxime from the w-dibromo derivatives of the corresponding 
acetophenones (Avogadro, Gazz. 53 , 689). Ponzio has published many papers 
on the chemistry of the glyoximes in Gazz. chim. ital. 

Phenylglyoxal-cK-phenyUiydrazone, C6H8C(NNHC6H6)CHO (?), is known in 
two forms: a-form, m.p. 134-135®. and fi-iorm, m.p. 145-146® {Sidgwtck, J. 119, 
486); it is obtained by the action of phenylhydrazine on phenyl-glyoxal. The /5- 
hydrazone, CeHsCOCH: NNHCeHs, exists in two modifications, which are easily 
converted into each other, m.p. 138® and 114®. It is obtained by the action of diazo¬ 
benzene on benzoyl-acetic acid {Bamberger, Ber. 34, 2001; Mdller, Ber. 22, 2567). 

Phenylglyoxal-phenylosazone, C^Hs-C: (N-NHCeHs) -CH: (N-NHCeH*), m.p. 
162®, is obtained from benzoyl carbinol {Muller, loc. cit.). Phenyl^yozal- 
metlwlphenylosazone, m.p. 162® {Culman, Ber. 21, 2597). 

p-Toluyl-formaldehyde, CH|C6H4C0«CII(0H)2, m.p. 101® {Midler, loc. cit.). 

Anthrozan-aldehyde, C 6 H 4 <^^^q^ ^2®^ is obtained from o-nitrophenyl- 

glycidic acid {SchUlinger, Ber. 16,2222) (p. 421; cf. anthranil, p. 278) • 
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IS-Ketoaldehydes, A compound called formyl-aeeto'phenone or bemoyl-acetalde-' 
kyde, was formerly considered to be a i9<ketoaldehyae, but, like formyl-acetone 
(p. 484),"it is an unsaturated ketol, hydroxymothylene-acetophenone, and will be 
dealt with among the compounds with unsaturated side-chains. The sodio- 
compound of this hydroxymethylcne-acetophenone gives benzoyl-acetaldorime. 
C6H5*C0*CH2-CH:N0H, m.p. 98®, with hydroxylamine hydrochloride; ancl 
with acetic anhydride it gives cyanoacetophenone (p. 430). With acetyl chloride 
it gives 5-pheuyl-isoxazole (Vol. IV). Aceto-phenylacetaldehyde, hydroxy- 
methylme-benzyl-methyl-keUme^ CH3CO • CH { CaHs) CHO or CHjCO • C ( CoH*) : - 
CHOH, m.p. 67-69®, is very unstable. It is formed by the rearrangement of 
benzylidene-acetone oxide (p. 459), a change that is brought about by boiling 
with hydrochloric acid. It dissolves in caustic soda, gives a copper salt, and a 
phenylhydrazone, m.p, 171® (Weitz, Ber. 54, 2344). 

y-^Ketoaldehydes. Benzoyl-propionaldehyde, CeH 6 CO*CH 2 CH 2 CHO, b.p. 
246®. 


5 . Phenyl Paraffin Diketones 

a-Diketones, or ortho-diketones, are formed when their monoximes. the phenyl- 
isonitroso-ketones (see above, phenyl glyoxal), are distilled with dilute acids, or 
heated with amyl nitrite (Pechtnann, 1888; Menasse, Ber. 21, 2146). For the 
keto- and enol-forms, see Lowrtr^ J. 1928 , 3167. 

Acetyl-benzoyl, CeHs'CC-CO-CHt, b.p. 214°, is a yellow oil with a pungent 
odour. It is formed by the above methods, and also by the oxidation of the two 
stereoisomeric phenyl-methyl-glycols (p. 398) with nitric acid (Zincke, Ber. 43 , 
855). It is a by-product in the biochemical synthesis of 1-phenyl-acetyl-carbinol 
(p. 406) {Neuoerg, Bio. Z. 128, 610). For its conversion into ephedrine, see 
p. 402. Acelylbenzoyl-a-acetohydrazone, CHaCO-CCNNHCOCHOCeHs, m.p. 
164°, dissolves in .sodium hydroxide giving a salt of the pseudo-form (Diels, Ber. 
36 , 3187). a-Hydrojdmido-propiophenone, CeHsCO *C: (NOH) • CHi, m.p. 
11«3°, can be obtained by the action of nitrous acid on methyl-benzoyl-acetic 
ester, by the action of butyl nitrite on propiophenone (Hartxing, J. 1928, 3167) 
or by the action of phenyl-diazonium chloride on an alkaline solution of isonitroso- 
acetone, in which reaction it is probable that a phenyl-azo-aldoxime is an inter¬ 
mediate product (Porsche, Ber. 40 , 747). 

CH,COCH:NOH -> [CHaCOCCtNOH) NiNCeHfi] -> 

CHHCOC(:NOH)CeH5. 

Phenyl-isonitrosoacetone, CeHsC: (NOH)COCH 3 , m.p 165®, is formed by the 
action of amyl nitrite on phenyl-acetone in the presence of sodium ethoxide. 
Phenyl-methyl-alyoxime, CeHsC: (NOH)C: (NOH)CHi, m.p. 239® (Kolb, Ann. 
291 , 289), is oDtained from phenyl-isonitrosoacetone, and p-methoxyphenyl- 
metiiyl-glyozime. CHjO[4]CaH4[C(NOH)l2CH*- m.p. 206° (decomp.), is ob¬ 
tained from anetnole by the action of nitrous acid. Its peroiude, m.p. 97®, is ob¬ 
tained at the same time (Wieland, Ann. 329 , 268). 

Diketones or meta-diketones are formed, together with acetophenone: (I) by 
decomposing benzoyl-aceto-acetic esters (Fischer, 1883); (2) by condensing 
esters and ketones by means of sodium ethoxide (Claisen, Ber. 20, 2178) or in 
xylene with sodium (Lovett, J. 1928 , 1975); (3) by decompo.sing the ethylene 
bases obtained from phenyl-acetenyl-alkyl ketones (p. 461) with acids (Andri, 
C.r. 152 , 1488). Phenyl-i8-diketones behave like the aliphatic jS-diketones. 
They dissolve in caustic alkalis, a fact which distinguishes them readily from other 
diketones. They give a red colouration with ferric chloride, and they condense 
with hydroxylamine to give isoxctzoles, and with phenylhydrazine to give pyrazoles 
(Vol. IV). The keto- and enol-content of the diketones has been determined 
spectrochemically and by titration (Auwers, Ann. 426 , 197). 

Benzovl-acetone, acetyl-acetophenone, C 6 H 6 CO*CH 2 COCHa, m.p. 60®, 
b.p, 261®, is readily volatile with steam. It is obtained from benzoyl-acetoacetic 
ester, or from ethyl benzoate and acetone with sodium ethoxide free from alco¬ 
hol, or from ethyl acetate and acetophenone, using the same condensing agent. 
It adds on hydrocyanic add (Carlson^ Ber. 27 , 1571 ) . For its reactions with urea 
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and guanidine see Evam, J, pr. 48 , 489; for its alkylation, see Dieckmann, Ber. 
45 , 2685; for its reduction with soaium in dry alcohol see Bauier^ C.r. 154 , 1092. 
Its copper compound gives thio-benzoyl*acetone, SfCH(COCHi)COCeH6ls, m.p. 
95®, withSCh, and dithio-benzoyl-acetone, S 2 [CH(COCHi)COC 6 H*] 2 , m.p. 118®, 
with S 2 CI 2 (Vaillant, Bull. [3], 29 , 528). p-Bromo-benzoyl-acetone, m.p. 94- 
96® (decomp.), is obtained from p-bromo-acetophenone and ethyl acetate in ether, 
using sodium as condensing agent (Hanus^ Trav. Tchecosl. 1, 392). o-Nitro- 
benzoyl acetone, m.p. 55® (Gewekohtj Ann. 221, 332). Benzoyl-nitro-acetone 
has been obtained, in the form of its oxime, CsILCCNOH) •CH(5r02)C0CHi, by 
the action of nitrogen trioxide on benzylidene-acctone (Wieland, Ber. 36, 3021). 

Propionyl, butyryl, isobutyryl, valeryl, and isovaleryl-acetophenone, b.p.'s 
172® (30 mm.), 174® (24 mm.), 170® (26 mm.), 183® (30 mm.), and 160-161® 
(11 mm.), respectively {Bacyer, Ber. 20, 2181; AuwerSf Ann. 426 , 161). 

Phenyi<acetyl-acetone, C 6 H 6 *CH 2 COCn 2 COCHs, b.p. 266®, is obtained by the 
decomposition of phenyl-acetyl-acetoacetic ester (Fischer, Ber. 1 ^ 2136). 

y-Diketonea. Acetophenone-acetone, phe7iacyl-acefone, C 6 H 5 COCH 2 CH 2 - 
COCHa, is a yellow oil, which decomposes on boiling and is obtained by the de¬ 
composition of aoetophenone-acetoacetic ester (p. 434) (Pool, Ber. 17 , 2756). 
Being a 7 -dikctone (Vol. I, p. 404) it is easily converted into phenyl-methyl- 
fui’furan, -thiophene or -pyrrole. 

Trikelones. Phenyl-methyl-triketone, b.p. 138® (24 mm.), is an orange- 
coloured oil, which readily takes up water to form a colourless hydrate, m.p. 

68®, and forms addition compounds with acetyl-acetone and similar compounds.. 
It reduces cupric salts. Its dirnethyl-amino-anil, C 6 H 6 COC[NC 6 H 4 N(CH 8 ) 2 ]- 
COCIIa, m.p. 99®. is obtained from benzoyl-acctone and nitroso-d dimethyl- 
aniline, and gives tnc fn^c triketono on dissociation. Benzoyl-acetone reacts with 
diazo-salts to give j)hcnyl-azohenzoyUacctone, CbHbCOuH* (N 2 C 6 H 6 )COCHf, 
m.p, 99®, and with nitrous acid it gives is(m%trosO‘d)emoyI^€Lcetone, CeHsCOC- 
(N0H)C0CH3, m.p. 125®, This is reduced to benzoyl-amino-acetone with zinc 
and sulphuric acid, and this compound gives diazo-benzoyUacetone, m.p. 66®, with 
nitrous acid. This diazo-diketone (Vol. IV) is decompased by ammonia into 
acetic acid and diazo-acetophenone (p. 405), and by boiling water into nitrogen, 
carbon dioxide, and benzyl-methyl-ketone, CbHbC’ILCOCHs, a rearrangement 
having taken place. For other reactions, seethe heterocyclic compounds, 1,2,3- 
oxndiazoles (Vol. IV) (Wolff, Ann. 325, 136). 

Phenacyl-diacetyl-methane, C«H 5 COCH 2 CH(COCHi) 2 , m.p. 68 ®, is obtained 
from phenacyl bromide and sodio-acctyl-acetone. It is a 1,3- and a 1,4-diketone 
at one and the same time; hence it gives isoxazoles and pyrazoles, as well as/uro- 
furans and pyrroles (March, C.r. 134 , 843). 

Tetraketones: Benzylidene-/ns-acetyl-acetone, C 6 H 5 CH[CH(COCHi) 2 ] 2 , is 
formed by the condensation of benzaldehyde and acetyl-acetone in the presence 
of piperidine. Six allotropic keto- and enol-forms in cis- and frans-modifications 
are possible, and all have been prepared. 

6. Phenyl Paraflin Alcohol Acids 

(a) Monohydroxy-alcohol A cids 

Like the aliphatic alcohol-acids, phenyl-alcohol-carboxylic acids 
are formed: (1) by the reduction of keto-acids; (^) by adding HCN 
to aldehydes and ketones and hydrolysing the resulting a-hydroxy- 
nitriles (Gabriel, Ber. 12, 815); (5) from monohalogeno-acids; and 
(4) from unsaturated monocarboxylic acids, etc. 

a- and jS-HYDROXY-ACIDS. Mandelic acid, phenyl-glycolic 
acid, CcHs^CHOH COOH, is isomeric with the cresotic acids (p. 
363), the hydroxymethyl-benzoic acids and the methoxy-benzoic 
acids (p. 375). It contains an asymmetric carbon atom, and like 
fermentation lactic acid (Vol. I, p. 415) it occurs in an inactive and 
two optically active modifications. The former can be resolved. 
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Paramandelic acid or inactive mandelic acidy m.p. 118^» is ob¬ 
tained: (I) from benzaldehyde, hydrocyanic acid, and hydrochloric 
acid; {Sf) by reduction of benzoyl-formic acid (p. 422) with sodium 
amalgam; (S) by boiling phenyl-chloroacetic acid with alkali; and 
(A) by the action of alkali on w-dibromo-acetophenone or phenyl- 
glyoxai: CeHsCO CHO —> CeHsCHOH-COOH {Spiegel, Tiemann, 
1881). 

The formation of mandelic acid from phenyl-glyoxal is an intramolecular reac¬ 
tion which is essentially analogous to the extramolecular reaction which occurs 
when benzaldehyde gives an alcohol and a carbo^lic acid under the action of 
alkali (p. 269). For the formation of paramandelic acid from Z- and d-mandelic 
acids see below. 

100 parts of water at 20® dissolve 15.9 parts of paramandelic acid. Dilute 
nitric acid oxidises it first to benzoyl-formic acid and then to benzoic acid. When 
heated with hydrogen iodide it is converted into phenyl-acetic acid (p, 293), and 
with hydrochloric or hydrobromic acids into phenyl-chloro- or phenyl-bromo- 
acetic acid, respectively. For its reaction with sulphuric acid, see Oechsner, 
C.r. 136, 1469. 

Z- and d-Mandelic acids both melt at 133®. They possess equal and opposite 
rotatory powers, [aj weo =*= 153® in 4% aqueous solution. Their reactions are the 
same as those of paramandelic acid. The natural mandelic acid formed from 
8 mygdalin is laevo-rotatory. 

when ammonium paramandelate is fermented by Penicillium glaucum, the Z- 
mandelic acid is consumed and the d-acid is left. Bacteria, on the other hand, 
destroy the d-acid first and leave the Z-acid behind {Levkovitch^ 1884). The direct 
resolution of paramandelic into the d- and Z-mandelic acids can be accomplished by 
means of the cinchonine salt, or by means of Z-phenyl-ethylamine {Smith, J. pr. 
84, 743; Marckwald, Ber. 34, 469). Inactive mandelic acid is formed when 
equimolecular amoimts of d- and Z-mandelic acids are mixed, or when either is 
heated in a sealed tube at 160®. For the catalytic racemisation of ethyl-Z- 
mandelate by alcoholysis, see McKenzie, J. 115, 602. Like some aliphatic a- 
hydroxy-acids^ mandelic acid can be acetonised with acetone and mineral acids. 
When mandelic amide is treated in this way, the ring closes, and a tetrahydro- 
CeHrCHCONH 

oxazolone, l> -(!3(CH3)2, m.p. 127®, is formed {Fischer, Ber. 60, 486; 

65, 1032). 

A direct interconversion of the two active forms is brought about as follows: 
d-mandclic acid, when acted upon by phosphorus pentachloride, gives Z-phenyl- 
chloracetic acid; this, when treated with ammonia, gives d-phenyl-glycocoll, and 
this with nitrous acid gives Z-mandelic acid (Walden inversion, Vol. I, p. 70). 
In the same way, the conversion of Z-mandelic acid into the d-form may be car¬ 
ried out. The configuration of Z-mandelic acid is, according to Freudenherg 
(Ber, 56, 193; Ann. 501, 199): 

COOH 

hcIjoh 

iaii 

Derivatives M paramandelic acid. Methyl and ethyl esters, m.p. 62® and'34®, 
reap. {Rupe, Ber. 28, 259); amide, m.p. 131® {Pulvermacher, Ber. 25, 2212). 
The hydrazide, m.p. 132®, gives, with nitrous acid, a very unstable azide, which, 
unlike other azides of carboxylic acids, gives benzaldehyde, nitrogen, and allo- 
phanic ester when treated with alcohol {Curtins, Ber. 34, 2794). The methyl- 
ether acid, m.p. 71®, has been resolved: [aln -1-168.2® and —169.8® (Arch. 
Fharm. 270, 618). Dimethyl-ether acid, b.p. 246® {Meyer, Ann. 220, 40). 
Diethyl-ether acid, see C. 1899, II, 622. Acetyl-mandelic acid, m.p. 80®; acetyl- 
mandelic chloride, b.p. 132® (12 mm.); amide, m.p. 112®; anilide, m.p. 117.5®: 
ethyl ester, m.p. 74® (WieUind, Ann. 368, 67). Mandelic chloralide, m.p. 82** 
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(Wallachj Ann. 193, 40). 


Diphenyl-glycolide, CtHsCH 



CHCeHs, m.p. 


240®, is obtained by the action of carbonyl chloride on mandelic acid in pyridine 
(Einhom, Ber. 35, 3642). 


Inactive mandelic nitrile, CflH6CH(OH)CN, prisms, m.p. 22®, decomposes at 
170® into hydrocyanic acid and benzaldehyde. Like manaelic acid, it exists in a 
depctro- and a laevo-rotatory form. When these are hydrolysed, active mandeUc 
acids of opposite rotation are formed. When mandelic nitrile is allowed to stand 
with veiy concentrated hydrochloric acid, it gives the amide, but, at a higher 
temperature, phenyl-chloroacetic acid is formed (Tiemann, Ber. 14, 1967). On 
hydrogenation with pallidinated carbon, the OH-group is reduced along with the 
CN group, and phenyl-ethylamine is formed (Hartung, Am. 50, 3370). It con¬ 
denses with benzaldehyde in different ways: with ailute alcoholic hydrogen 
chloride, or with ethereal hydrocyanic acid it forms di-(a-cyano-benzyl-oxy)- 
pheny 1-methane, C«H5CH(0CH((JN)C6H5)2, m.p. 198®, which is also formed 
when mandelic nitrile is kept for some time {Baker, J. 1930, 1274). On the other 
hand, with ethereal hydrogen chloride, diphmyl-oxazole (Vol. IV) and henzylidene- 
mandelic amide, 06H6CH:NCOCH(OH)C«H6, are formed {Fischer, Ber. 29, 
207; StolU, Ber. 35, 1590), For glucosides of inactive and active mandelic 
nitriles see Vol. II, p, 365. 


Trichloromethyl- and tribromomethyl-phenyl-carbinols, CCLCH(OII)C6H6, 
b.p. 155® (25 mm.), andCBraCH(OH)CeH6, m.p. 78®, are derivatives of mandelic 
acid obtained in a similar manner to acetone-chloroform (Vol. I, p. 418) by con¬ 
densing chloroform or bromoform with benzaldehyde by means of caustic potash, 
or aluminium chloride; they can also be obtained from phenyl magnesium chloride 
or bromide and chloral; they can be converted into mandelic acid, and are re¬ 
duced by zinc dust to styrene and halogeno-styrenes (p. 444). When boiled 
with potassium carbonate, they break down into benzaldehyde, and chloroform or 
bromoform {Savanau, C.r. 146, 297). 


p-Dimethylamino-phenyl-trichloroethyl-alcohol, (CH 8 ) 2 NC«H 4 CH(OH)CCl8, is 
obtained by the action of dimethylaniline on chloral {Boessneck, Ber. 19, 365). 
p-Dimethylamino-mandelic nitrile. (CHj)2N[4]C$H4CH(OH)CN, m.p. 114®, 
IS obtained fromjp-dimethylamino-Denzaldehyde {Sachs, Ber. 35, 3571). 

0 -, m-, and p-Chloro~mandelic acids, m.p. 85®, 115®, 121®, obtained from the 
corresponding chloro-benzaldehydes by the action of potassium cyanide and 
hydrogen chloride in ether. Methyl esters, b.p. 134-136® (6 mm.), m.p. 84® and 
55.6®, respectively. Amides, m.p. 87.5®, 126.6®, 126.5®, resp. (Jenkins, Am. 
53, 2341). p-Bromo-mandelic acid, m.p. 117®; p-iodo-mandelic acid, m.p. 
133® {Schweitzer, Ber. 24, 997). 

0 -, m-, and p-Nitro-mandelic acids, m.p. 140®, 119®, and 126® {Engler, Ber. 
20, 2203; 23, 208). o-Nitro-mandelic nitrile is reduced by zinc and hydrochloric 
acid to o-hydroxylamino-mandelamide, m.p. 140-141° (decomp.). When an 
aqueous solution of the hydrochloride of the latter is heated it gives anthroxan^ 
amide, m.p. 211-212® (p. 426) {Reissert, Ber. 57, 964). For a peculiar reduction 
product of o-nitro-mandelic nitrile^ and for the reduction of p-nitro-mandelic acid 
to p-azoxy- and p-amino-mandehc acids, see Heller, Ber. 41, 373; 46, 288. 


o-Amino-mandelic acid, NH 2 [ 2 ]C«H 4 CH(OH)COOH, is unstable in the fr^ 
state. Its sodium salt, CeHsNOgNa -h H 2 O, is formed in the reduction of isatin 
with sodium amalgam. From the concentrated solution, acids precipitate. 

/Il]CH(OH)CO 

Dioxindole, S-hydroinr-indole.o-a/nmo-^nandeifcfac^am, C 6 H 4 V I , 

^[2jNH-« 

m.p. 170® (indefinite). This compound is also formed when isatin is boiled with 
zinc dust and dilute HCl (Vol. iV). It is probable that isatyde, a substance 
with a quinhydrone structure: 
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is formed as an intermediate product (Heller^ Bor. 62, 343). Dihydroxy-indole 
and isatin are degradation products of dehydro-indigo, under the action of mineral 
acids (Kalb, Ber. 44, 1455). Its jS-derivatives have been prepared from isatin by 
the action of organo-magnesium compounds (Kohn, Mo. 32, 905). Acetyl-di- 
hydro:i^-indole, m.p. 127®, gives o-acetamino-mandelic acid, CH8CONH[2]- 
C6H4CH(0H)C00H^ m.p. 142®, with baryta-water. This compound is also ob¬ 
tain^ by the reduction of acetyl-isatinic acid. It is converted into oxindole by 
hydriodic acid. With phenylhydrazine it gives isatin-/3-phenylhydrazone (Vol. 
IV) (Kenyon. J. 1931, 2275), 

o-Hydroxy-mandelic acid is a syrupy mass, obtained by the action of hydro¬ 
cyanic acid on salicylaldehyde and subsequent hydrolysis, and from o-hydroxy- 
phenyl-glyoxylic acid. By the action of hydrocyanic acid and subsequent hy¬ 
drolysis on helicin tetra-acetate, an optically active hydroxy-mandelic acid is 
formed (Fischer, C. 1902, II, 214). o-Hydroxy-manddic lactone, m.p. 49®, b.p, 
237®. The nitrile of o-raethoxy-mandelic acid, ni .p. 71°, is formed from methyl- 
salicylaldehyde, or its bisulphite compound, by the action of potassium cyanide 
(Czaplicki, Ber. 42, 828). p-Methoxy-mandelic acid, m.p. 93°, is obtained from 
anisaldehyde, and2.5-dihydroxy-mandelic acid, m.p. 143° (decomp.), is obtained 
by reduction of hyaroquinone- glyoxylic acid (Neuhauer, Physiol. Ch. 52, 375). 

Phenyl-chloroacetic acid, C«H6*CHCl*COOH, m.p. 78°, is obtained by heat¬ 
ing mandelic acid to 140° with concentrated hydrochloric acid, or by the action of 
caustic potash on trichloromethyl-phenyl carbinol (see above), or by the action 
of water on its chloride; and the chloride, C«H 5 CHCl-COCl, b.p. 125° (45mm.), 
is obtained from mandelic acid by the action of phosphorus pentachloride. The 
optically active forms have been obtained from the racemic mixture by means of 
morphine (Darapsky, J, pr. 99, 179). 

Phenyl-bromoacetic acid, C^Hs-CHBr-COOH, m.p. 83®. Its ethyl ester, 
b.p. 145° (10 mm.), gives diphenyl-succinic ester when heated with potassium 
cyanide. Chloride, b.p. 118° (18 mm.). The nitrile, obtained by the action of 
bromine on benzyl cyanide, gives stiibene when heated alone, of dicyano-dibenzyl 
when heated with potassium cyanide, and stilbene-dicarboxylic, or diphenyl- 
maleic acid when heated with alcoholic potash. 

Phenyl-nitroacetic ester and phenyl-nitroacetonitrile are obtained in the form 
of their sodium .salts, C«H 8 C(NOONa)COOC 2 H 6 , and CeH6C(NOONa)CN, from 
phenyl-acetic ester and benzyl cyanide, respectively, by the action of ethyl ni¬ 
trate and sodium ethoxide. The free acids are very unstable, and hydrolysis with 
sodium hydroxide gives phenyl sodio-phenyl-nitromethano (p. 256); when sodio- 
phenyl-iutroaceto-nitrile is reduced with zinc dust, isonitroso-benzyi cyanide, 
CeH 5 C(NOH)CN, is formed (Wisliceniis, Ber. 35, 1755; 42, 1930). 

Phenyl-aminoacetic acid, C«H 8 CH(NH 2 )-COOH, m.p. 256°, breaks down on 
distillation into carbon dioxide and benzylamine. It is formed; (1) from phenyl- 
chloro- or -bromo-acetic acids by the action of aqueous ammonia; (2) from its 
nitrile by boiling with dilute sulphuric acid; (3) by reduction of the oxime or 
phenylhydrazone of benzoyl-formic acid. Its optically active forms, [ajo® 
sfc 157.8°, have been prepared by means of d-camphor sulphonic acid, or from the 
formyl compound, m.p. 180°, by means of cinchonine or quinine. The Z-acid can 
also fee isolated by subjecting the racemic acid to partial fermentation with yeast 
(Fischer. Ber. 41, 1296; Betti, ibid., 2071). Wnen phenyl-aminoacetic acid is 
prepared from active phenyl-cnloroacetic acid, the sign of the rotation depends 
on the solvent (Seuter, J. 109, 1091). Methyl ester, m.p. 32°. Cyclic diamide. 


CeHs 



CH^CeHt, m.p. 274® (decomp.) (Kassel, Ber. 24, 4149). 


The nitrile, a yellow oil, which crystallises slowly, is very unstable, and is formed 
by the action of ammonia on mandelonitrile. » 
p-Hydroxsrphenyl-aminoacetlc acid, HO(4]C«H4CH(NH2)COOH, m.p. 240- 
245°, is a lower homologue of tyrosine (p. 415), and is prepared from anisalde- 
hyde^ I>otas.sium cyanide, and ammonium chloride; the resulting amino-cyan- 
hydrin is hydrolysed, and the acid demethylated (Aloy, J. pharm. chim. 73,481). 

By the action of methylamine, hydrazine, aniline, and similar bases on phenyl- 
halogenoacetic acids, alkylated and phenylated phenyl aminoacetic acids have 
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been obtained (Darapsky, J. pr. 99, 179). Starting with phenyl-bromoacetic 
chloride, a number of di- and polypeptides, such as phenyl-glycyl-glycine, phenyl- 
glycyl-alanine, ete., have been prepared (Schmullin, Ann. 340, 190). 

a-Hydrazino-phenylacetic acid. C 5 H 6 CH{NH NHj)COOH, m.p. 190®, is ob¬ 
tained from the diammonium salt of phenyl-glyoxylic hydrazone, by reduction 
with sodium amalgam, shaking with benzaldehyde, and decomposing the result¬ 
ing benzyl-hydrazino-phenylacetic acid, m.p. 150® {Darapskyf J. pr. 96, 251). 
For other a-hydrazino-phenyl-fatty acids, see ibid, 

a-Anilino-phenyl-acetonitrile, C«H6CH(NHC6H8)CN, m.p. 85®. is readily ob¬ 
tained by the action of hydrocyanic acid on benzylidene-aniline (p. 273), or by 
the action of aniline on mandelonitrile. It combines with benzaldehyde on boil¬ 
ing with alcoholic potash, a benzylidene compound of the corresponding acid 
amide being formed: 

C«H*CH(NHCeH5)CN + CJEIfiCHO « C«H8CH(NHC6H6)CON:CHC*H8. 

This very stable compound is also obtained by the action of potassium cyanide 
on a mixture of benzylidene-aniline and benzaldehyde (Miller Ber. 31, 2699). p- 
Dimethylamino - phenyl - anilido - acetonitrile, (CH 3 ) 2 NC*H 4 CH(NHCeH 8 )CN, 
m.p. 114® (iSWis, Ber. 35, 3572). 

Urethano-phenyl-acetonitrile. C 6 ll 5 CH(NHCOOC 2 H 6 )CN, m.p. 83®, is ob¬ 
tained from mandelonitrile by tne action of urethane and zinc chloride { Lehmann, 
Ber. 34, 370). 

Phenyl-sulphoacetic acid, C6H8CH(S08H)C00H -h 2 H 2 O, m.p. about 140® 
(decomp.), is obtained by the action of ammonium sulphite on ammonium or 
ethyl phenylacctate, together with mandelic acid (liriist. Rec. 47, 153). 

Of the aryl-glycolic acids p-isopropyl-mandelic acid should be mentioned. It 
is prepared from cuminic alaehyde, hydrocyanic acid and hydrogen chloride. It 
has been resolved into its optical antipodes by means of quinine (Fileii^ Gazz. 22, 
II, 395). 

PHENYL-HYDROXY-PROPIONIC ACIDS or PHENYI<-LAC- 
TIC ACIDS. Four structural isomers are possible, and all are 
known. They all contain an asymmetric carbon atom: 


COOH 

in, 

a-Phenyl-lactio acid 
Atrolactinic acid 


COOH 

’inOH 

/3-Phenyl>lactio acid 


COOH 

^HjOH 

a-Phenyl-hydracrylic 
acid. Tropic acid 


COOH 

ill, 

C,H.*iHOH 

/5-Phenyl-hydracrylic 

acid 


1 . Atrolactinic acid, cr-phenyl-lactic acid, C 9 H 10 O 3 -f ^AH-^O, m.p. of the hy¬ 
drate 68®, and of the anhydrous substance, 94®, The acid is obtained from or- 
bromo-hydratropic acid by boiling with aqueous sodium carbonate, by the action 
of permanganate on hydratropic acid, and from its nitrile, the addition product of 
hydrocyanic acid and acetophenone, by boiling with dilute HCl (Tiemann, Ber. 
14, 1989; Smith, J. pr. 84, 731; Freudenberg, Ann. 501, 214). Its ethyl ester, 
b.p. 259®, can be obtained from phenyl-glyoxylic ester (p. 422) by the action of 
methyl magnesium iodide (Grignard, C.r. 135, 627). For its configuratiyc rela¬ 
tionship to mandelic acid, sec Freudenberg, Ann. 501, 203. When boiled with con¬ 
centrated hydrochloric acid, or distilled with water at reduced pressure, the arid 
breaks up into atropic acid and water. When heated at 140-160® in a current of 
carbon dioxide, it is converted into a mixture of a- and /8-isatropic acids (Wren, 
J. 113, 832). On standing with cone. HCl or NBr it is converted into a-chloro- 
and a-bromo-hydratropic acids, m.p. 73® and 93® (Merling, Ann. 209, 3). a- 
Amino-hydratropic acid sublimes at 260® without melting (Ticmann, Ber. 14, 
1981). For the resolution of racemic atrolactinic acid into its antipodes, see 
Smith, lac, cii,, and Wren, J. 119, 798. 

2. Tropic acid, ct^phenyUhydrcuyrylic acid, is known in one inactive form. which 
can be resolved, and in two optically active forms. Inactive tropic acid, m.p. 
117®, is formed, together with tropine (Vol, IV) when the alkaloids atropine and 
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hyoscyamine ate wanned at 60® with baryta water (Lossen, Ann. 138, 233; 
Ladenberg, Ber. 13, 264). It has been synthesised from atropic acid, the de¬ 
composition product of atrolactinic acid, by treating it with concentrated hy¬ 
drochloric acid, and thus converting it into /3-chloro-hydrotropic acid, which 
gives inactive tropic acid on boiling with aqueous potassium carbonate. Another 
synthesis consists in reducing either of the two forms of the so-called forrayl- 
phenyl-acetic ester (p. 422) with aluminium amalgam and water or damp ether 
{Muller^ Ber. 51, 252; WMiemus^ ibid,, 1237; Braun, Ber. 53, 1409). 


COOH 

C.H,ioH 

(ijH, 

Atrolactinic 

acid 


COOH 

C,H,(!) 

Ijh, 

Atropic acid 


COOH 

^HjCl 

/5-Chlorohydratropic 

acid 


HjO J 

-► CellrC 

KiCOs ^ 


COOH 

rill 


CHjOH 

Tropic acid 


Dextro- and laevo-tropic acids, m.p. 128® and 128-129®, can be separated 
by the fractional crystallisation of their quinine salts, and are obtained in this 
way from d,Z-tropic acid. The quinine salt of the d-acid, m.p. 186®, is less 
soluble in dilute alcohol than that of the f-acid, m.p. 189-190® (corr.). j3- 
Chloro- and -bromo-hy dr atropic acids, m.p. 87® and 93®. /3-Amino-hydratropic 
acid, m.p. 119® {Merling, Ann. 209, 3). 

3. /3-Phenyl-lactic acid, CeH 6 CH 2 CH(OH)COOH. m.p. 97®, is obtained by 
the action of hydrocyanic and hydrochloric acids on phenyl-acetaldehyde, or by 
heating benzyl-tartronic acid (p. 436). When heated with dilute sulphuric acid 
it decomposes into phenyl-acetaldehyde and formic acid; for its resolution, see 
Wren, J. 119, 798. 

a-Bromo-hydrocinnamic acid, CaHjCHa-CHBr-COOH, m.p. 49®. is obtained 
from benzyl-malonic acid by bromination and loss of carbon dioxiae; chloride, 
b.p. 133® (12 mm.) (Fischer, Ber. 39, 3999). « 

Fhenylalaniiie, j^-ph€nyl-a^aminopropio7iic add, C«H 6 CH 2 CH(NH 2 )COOH, 
sublimes without decomposition when slowly heated, but on rapid heating it 
forms phenylethylamine, and a cyclic diamide, 

/CO—NHv 


< \^\J XXv 

>CHCH2CeHi 
NH—CO^ 


m.p. 290® (Erlenmeyer, Aim, 219, 188; 271, 169) . Its lacvo-form —35.1®, 

occurs in germinating Lupinus luieus, tof^ether with asparagine (Vol. I, p. 609), 
and in beet shoots, together with tryptophan (Vol. IV) (Lippmann, Ber. 49, 
106). It is formed when ovalbumin, casein, or glue are allowed to putrefy, or 
are decomposed chemically, It is isolated from mixtures by means of its sparingly 
soluble phosphotungstic compound (Schulze, Physiol. 35, 210). The nitrile of 
the inactive form is synthesised by treating j9-phenyl-lactic nitrile with 
ammonia, followed by hydrochloric acid. Other methods of synthesis are: from 
benzyl-malonic azide by heating its aqueous solution (Curtum^ Ber. 55, 1543); 
from benzyl-aceto-acetic ester by the action of hydrazoic acid in the presence of 
mineral acids (Schmidt, Ber. 57, 704; U. S. Pat. 1,564,631); reduction of «- 
amino-cinnamic acid (Plochl, Ber, 17,1623), or of a-isonitroso-/3-phenylpropionic 
acid (Erlenmeyer, Ann.^71,169): decomposition of phthalimino-benzyl-malonic 
ester, C«H 4 (CO) 2 NC(CH 2 CeH 5 )(COOR)* (S^rensen^ C. 1903, II, 33); and the 
action of ammonia on a-bromo-hydrocinnamic acid. For the preparation of 
phenyl-alanine from N-benzoyl-sulphohydantoin, by condensing it with benzalde- 
hyde, removing the benzoyl group and reducing with tin and hydrochloric acid, 
see Johnson, J. Biol. Chem. 12, 205. From the inactive phenylalanine thus ob¬ 
tained, the d- and i- forms lal?)®*35®, can be prepared by resolving the formyl 
compound by means of brucine, and also by partial fermentation with yeast 
(Fischer, Ann. 357, 2; Ehrlich, Bioch. Z. 8, 434). N-Benzyl-phenylalanine. 
m.p. about 225® (decoi^.), is obtained from d,a-bromohydrocinnamic acid and 
benzylamine (Fischer, Ber. 49, 1360). Benzoyl-phenylalanine, m.p. 182®, is 
formed by the reduction of benzoyl-amino-cinnamic acid, and phenacetyl-phenyl- 
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alanine, C 6 H 6 CHaCH(NHCOCH 2 C«H 5 )COOH, m.p. 126®, can be obtained simi« 
larly, but is also formed in a peculiar reaction by the action of ammonia on phenyl- 
pyruvic acid (p. 428) {Erlenmeyer, Ann. 275, 16; 307, 146). Ethyl-phenyl- 
alaninate, b.p. 143® (10 mm.) (Fischer. Ber. 34, 433). 

A great number of di- and polypeptides containing the phenylalanine complex 
have been prepared, such as phenylalanyl-glycine, phenylalanyl-phenylalanine, 
leucylglycyl-pnenylalanine, etc. The meth^s used have been described in Vol. 
I, p. 446, and active and inactive phenylalanine, as well as a-bromo-hydrocin- 
namic chloride, have been used as starting materials (Fischer^ Ann. 354, 1; ibid,, 
357, 1), 

0 - and p-Nitrophenyl4actic acid are formed when phenyl-lactic acid is nitrated. 
On reduction, the o-acid gives hydroxy-hydro^carhostyril (p. 418): 

/[1]CH2-~CH0H 
C.H< I 

^[21NH--CO 


m.p. 197®, and the p-acid gives p-aminophenyUlactic acid, NH2[4]C6H4CHf- 
Clf(OH)COOH, m.p. 188® (decomp.). 

o-Hydjroxyphenyl-lactic acid, HO[ 2 ]C 6 H 4 CH 2 CH(OH)COOH, is a syrup. It 
is obtained by the action of sodium amalgam on o-hydroxyphenyl-pyruvic acid 
(p. 428) (Plochl, Ber. 18, 1188). Its internal phenyl-alcohol anhydride, the 
reduction product of coumarilic acid, is known as hydrocoumarilic acid, 
/[IJCHjCHCOOH 

Cell^ 1 , m.p. 118®. p-Hydroxyphenyl-lactic acid, m.p, 

\ 2 ] 0--0 

144®, is obtained by the action of excess nitrous acid on p-amino-phenylalanine 
(Fittig, Ann. 216, 166; Erlenmeyer, Ann. 219, 226). 2,4-Dihydroxy-phenyl- 
lactic acid, m.p. 87® (Neubauer, Physiol. 52, 376). p-Iodophenylalanine, m.p. 
270® (decomp.) (Wheeler, Am, Chem, J. 40, 468; Aoderhalden, Ber. 42, 341lV 
p-Nitro-phenylalanine, N02[4]C«H4CH«CH(NH*)‘COOH, decomposes at 240®. 
It is obtained by nitrating phenylalanine. p-Amino-phenylalanine. NHt[4]- 
C 6 H 4 CH 2 -CH(NH 2 )C 00 H, is the reduction product of p-nitro-phenylalanine and 
of p-nitrophenyl-a-nitroacrylic acid. 

o-Hydroxy-phenylalanine, o-^tyrosine, HO[ 2 ]C 6 H 4 CH 2 CH(NH 2 )COOH, m.p. 
232-233° and 270®. is prepared by condensing thiohydantoin with salicylaldehyde, 
desulphurising, reducing, and decomposing the condensation product {Johnson, 
Am. 37, 1846). 

Tyrosine, p-hydroxy-phenylalanine, HO(4)C 6 H 4 CH 2 CH(NH 2 j- 
COOH, m.p. 314-318° (decomp.), [a]^ —9.5 to —10°, occurs in the 
liver in cases of disease, in the spleen, in the pancreas, and in old 
cheese (rvpos). It is formed from many animal substances, such as 
urine, hair, and albumin, when they are boiled with hydrochloric or 
sulphuric acid, or fused with caustic potash, or together with leucine, 
asparagine, etc,^ on putrefaction. For its preparation, see Rabaut, 
Bull. 3, 391, and Marshall, J. Biol. Ch. 15,85. It can be obtained syn¬ 
thetically by treating p-amino-phenylalanine with an equimolecular 
quantity of nitrous acid, or by decomposing synthetic benzoyl- 
tyrosine (see below). 

History,—Liebig (1846) first obtained tyrosine by fusing fresh cheese with 
caustic potash (Ann. 57, 127; 62, 269). E, Erlenmeyer, Sr,, and lApp (1883) 
succeeded in synthesising it from phenyl-acetaldehyde (Ann. 219^ 161), 

Syntheses of tyrosine,- —(f) Phenyl-acetaldehyde, acted upon with hydrocyanic 
acidj gives phenyl-lactonitrile, and this with ammonia gives the nitrile of phenyl- 
alanme. The latter is converted into phenylalanine by hydrochloric acid. This 
is nitrated to p-nitrophenyl-alanine and then reduced to p-amino-phenylalanine 
hydrochloride. This gives tyrosine when treated with an equimolecular quantity 
of nitrous acid. 
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(18) A more convenient method has been discovered by HJ. Erhmncyer^ Jr,; p- 
hydroxy-benzaldehyde and hippuric acid condense under tiie ai^tion of sodium 
acetate and acetic anhydride to form an internal anhydride, a so-called azlactone, 

or oxazolone, nOC 6 H 4 CH: C<^ i , of p-hydroxy^a-benzoyl-aminocin- 

^CO—O 


namic acid, HOC 6 H 4 CH:C(NHCOC«H 5 )COOH. Wlien the oxazolone is reduced 
with sodium amalgam or hydrogen iodide and phosphorus, benzoyl-tyrosine, 
H0C6H4CH,CH(NHC0C6H5)C00H, ro.p. 192^ is formed. This substance is 
racemic and can be resolved into d- and i-benzoyl-tyrosine, m.p. 162®. by means of 
its brusine or cinchonine salt (c/. AbderkaUien , Physiol, 131,277). Trie i-benzoyl- 
tyrosine, on decomposition with 10% hydrochloric acid, gives f-tyrosine, identical 
with the natural substance, while from d-benzoyl-tyrosinc, d-tyro.sine, [ale 
+8.64°, and from racemic benzoyl-tyrosine, a racemic tyrosine is obtained. 
The latter is identical with the product of the p-amino-phenylalanine synthesis 
ju.st mentioned {Erletmeyer, Ann. 307, 138; Fischer, Ber. 32, 3638). 

(S) Racemic tyrosine has been obtained also from phthalimino-rnaIonic ester 
and p-methoxy-benzyl bromide by decomposing the product first formed {Ste- 
phan, J. 105, 1152). For the separation of d-tyrosme from the racemate by 
means of yeast, see Ehrlich, Bioch. Z. 182, 245. For its degradation by bacteria, 
see Tavdji, Acta Kyoto, 2, 115; for the configuration of natural tyrosine, see 
Goldschmidt, Ber. 66, 784. 

Properties and reactions of tyrosine, —^Tyrosine dissolves in 150 parts of boiling 
water, and crystallises in slender silky ne^les; it is very slightly soluble in alco¬ 
hol, and insoluble in ether. When its aqueous solution is boiled with mercuric 
oxide, a yellow precipitate is formed, which turns dark red when boiled for a short 
time with highly diluted fuming nitric acid. This is a delicate test. As an amino- 
acid, tyrosine combines with both acids and bases to form salts. Z-Tyrosine is 
converted by Bacillus proteus into d,p-hydroxyphenyl-lactic, or hydroxyphenyl- 
acetic, or hydroxyphenyl-acrylic acids, according to the conditions (Hirai, 
Otsuka, Bioch. Z. 114, 71, 81; Sasaki, J. Biol. Ch. 32,533). The diazo-reaction 
of albumin is due to the presence of tyrosine in the complex {Pauly, Physiol. 94, 
284).- Wlien heated to 230°, tyrosine decomposes into carbon dioxide and 
hydroxyphenyl-ethylamine, or tyramine, C6H4(OH)CH2-CH2NH2 (p. 337). Z- 
Tyrosine is racemised when warmed with sodium hydroxide {Waser, lielv. 6,199). 
When fused with caustic potash, tyrosine gives p-hydroxybenzoic acid, ammonia, 
and acetic acid. It ^ives hydro-p-coumaric acid (p. 365) on putrefaction, ana 
p-hydroxyphenyl-lactic acid when treated with nitrous acid {Erlenmeyer, Ann. 
219, 226). By catalytic reduction it is converted into a mixture of hexanydro- 
tyrosine and hexahydro-phenylalanine {Waser, Helv. 7, 740). With hydrogen 
peroxide and ferric chlonde, it is converted into a substance known as tyrosine 
hlack, the sodium compound of which is soluble in water, and inhibits the clotting 
of blood {Adler, C. 1922,1, 1117). 
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Tyrosine anhydride, (C9H#02N),, together with an amorphous isomer of 
similar m.p., is obtained by heating tyrosine with glycerol at 180-190®. It 
forms needles, m.p. 278-279® (Craziani, Lincei 25, I, 609). N-MethyU 
t;pro8ine, surinaminey H0[4IC6H4CH2 CH(NHCH,)C00H, m.p. 280® occurs in 
the bark of Geoffroya surinamensia. On heating it loses carbon dioxide, and p- 
hydroxyphenyl-cthyl-methylamine is formed (Wintersiein, Physiol. 105, 20). 
For its synthesis, see Friedmann, Bioch. Z. 27, 491. 

Fischer and Aoderkalden have synthesised a large number of di- and polypep¬ 
tides (Ber. 41, 2840, 2860) by combining active and inactive tyrosine with other 
amino-acids. They also succeeded in isolating peptides containing the tyrosine 
complex; by hydrolysing silk-fibroin they obtained a dipeptide, glycerol-tyrosine, 
and a tetrapeptide (?) consisting of 2 molecules of glycerol, one of d-alanine, and 
one of Z-tyrosine (Ber. 40, 3544). 

3-Nitro-tyro8ine, m.p. 222-224® (decomp.), is obtained, together with a little 
2-nitro-tyrosine, by the action of dilute nitric acid on tyrosine {Johnson, Am. 37, 
1863). S-Amino-^osine. m.p. 287® (decoinp.) {Waser, Helv. 4, 658). 2- 
Amino-tyrosine, m.p. 265^ (decomp.) {Funk, J. 99, 554). 

The occurrence in nature of inactive 3,5-duodo-tyrosine, OH[4]l2[3,51C6H2- 
CH2-CH(NH2)C00H, m.p. 200®, is of great interest. It was first isolated from 
the coral Gorgonia Carolina, and therefore is also called iodo-gorgonic add. It 
occurs, together with thyroxin (see below), in the thyroid gland, where it acts 
in a contrary manner to thyroxin. It is therefore used as an antidote to super¬ 
activity of the thyroid gland {Lacquer, Angew. 47, 572). It has been synthe¬ 
sised by the iodination of tyrosine in alkaline solution {Wheeler Am. Chem. J. 
33, 365). For polypeptides of 3,5-diiodo-l-tyrosine, see Abderhalden, Ber. 41, 
1237. 

3 ,5,3',5'-Tetraiodo-4'-hydro3yphenyl-tyrosme, thyroxin, is the 
hormone of the thyroid gland, and is essential to life. It is fully 
dealt with in Vol. II, p. 682. 

3,4-Dihydroxy-phenylalanine, (HO)2f3,4]C*H,CII*CH(NH2)COOH, m.p. 
(active form) 285®, (c/,Z) 271-272® (decomp.), is possibly the parent substance of 
adrenaline (p. 402). Its 1-form, [aln —14.28®, occurs in the husks of Vidafaba, 
in the bodies of some kinds of cockchafers, and in the basal cells of the epidermis. 
Its synthesis starts with the azlactone obtained from vanillin and hippuric acid, 
which by fission and reduction is converted first into 7n-methoxy-benzoyl-tyrosine 
and then into 3,4-dihydroxy-phenylalanine {Harington, Bioch J. 22, 407; From- 
herz. Physiol. 91, 194). It is obtained in a similar way from protocatechuic alde¬ 
hyde carbonate {Funk, J. 99, 554); and from vanillin by the action of glycine 
anhydride, and removing the rnethoxy group {Hirai, Bioch, Z. 114, 67). The 
Z-form can be obtained from tyrosine by nitrating, reducing, diazotising, and boil¬ 
ing with copper sulphate {Waser, Helv. 4, 657). Hydrochloride, m.p. (active 
form) 209®. The substance is converted into a dark-coloured dyestuff by the 
action of an oxidase found in the basal cells of the epidermis {Feigl, Bioch. /j, 79, 
209). 

3-Methoty^-4-hydroxy-phenylalanine, m.p. 255-256®, and 3,4-(limethoxy- 
phenylalanine, m.p. 249-250®, are obtained by a similar method to tyrosine (s^ 
above) from vanillin and methyl-vanillin, or by condensation with thiohydantoin 
{Johnson, Am. 35, 1606). Similarly, 2,4,5-trimethoxy-phenylalanine, m.p. 217®, 
is obtained from asarylaldehyde. For other polyhydroxy-phenylalanines, see 
Schaaf, Helv. 7, 357. * 

4. /S-Phenyl-hydracrylic acid, C«H 5 CH(OH)CH 2 COOH, m.p. 93®, is ob¬ 
tained: by boiling /3-bromo-hydrocinnamic acid with water {Filtig, Ann. 195, 
138); by the action of bromoacetic ester and zinc on benzaldehyde {Andri- 
jevsky, Russ. 40, 1635); and by reduction of benzoyl-acetic ester or of a-chloro- 
/9-phenyl-hydracrylic acid (an addition product of hypochlorous acid and cin¬ 
namic acid) with sodium amalgam. Like the aliphatic ^-hydroxy-acids, phenyl- 
hydracrylic acid is decomposed when heated with dilute sulphuric acia to give 
water, cinnamic acid, and a little styrene. With concentrated hydrochloric 
acid it gives /3-chloro-nydrocinnamic acid (see below). For its alkyl esters and 
ethers see SchratUk, Ber. 44, 1432. 



418 


PHENYL-HYDROXY-PROPIONIC ACIDS 


a-Methyl-/3-phenyl-hydracrylic acid, C«HfCH (OH)CH(CH») COOH , m .p. 
95®. ^,i5-Me&yl-phenyl-hydracrylic acid. C 6 H 4 CHjC(OH)CH 2 COOH, m.p. 
SO-^SS®; its ester is obtained from acetophenone, bromoacetic ester, and zinc 
(lAndenbaum, Ber. 50, 1270). a-Dimethyl-/9,p-tolyl-hydracrylic acid, m.p. 
112®. a-Isopropyl-phenyl-hydracrylic acid, m.p. 107® (Zeltner, C. 1902, I, 
1293; Schroeter, Ber. 40, 1689 ; 41, 6). 

m- and p-Nitrophenyl-hydracrylic acids, NOjCeH 4 CH(OH)CH 2 COOH, m.p. 
126®, 105® and 132®, are obtained from the three nitro-/3-bromo-hydrocinnamic 
acids (see below) by treatment with sodium carbonate; the reaction goes on in the 
cold, with the simultaneous formation of o-, m-, and p-nitrophenyl-hydracrylic lac- 
O—CO 

tones, N02C«H4CH-CH2, m.p. 124®, 98®, and 92°, which are representatives 
of the otherwise little known class of iS-lactones (p. 445) {Prausnitz, Ber. 17, 
595; Einhom, Ber. 17, 1669). 

p-Nitrophenyl-hydracrvlic acid is also formed from o-nitrophenyl-hydracrylic 
aldehyde (p. 403) on oxidation with silver oxide {Baeyer^ Ber. 16, 2206). When 
heated with dilute sulphuric acid to 190° it is converted into o-nitro-cinnamic acid. 
Its lactone, on boiling with water, breaks down into carbon dioxide and o-nitro- 
styrene. When o-nitrophenyl-hydracrylic acid is reduced it gives /3-hydroxy- 
hydrocarbostyril (p. 330). 

/3-Chloro-, /9-bromo-, and /S-iodo-hydrocinnamic acids, C 6 HrCHX-CH 2 COOH, 
m.p. 126°, 137®, and 120°, are obtained from cinnamic acid by adding on hydro¬ 
gen halide to cinnamic acid in water or glacial acetic acid {Anschutz^ Ber. 11, 
1221), or from /3-phenyl-hydracrylic acid by the method given above. When 
heated, or boiled wdth water, the free acids break down into the hydrogen halides 
and cinnamic acid. When neutralised with sodium carbonate they decompose, 
even in the cold, into hydrogen halides, carbon dioxide, and styrene, CellaCII: - 
CH2. 

0 -, m-, and p-Nitro-/3-bromo-hydrocinnamic acids, N 02 C 6 H 4 CHBr • CII 2 COOH, 
are obtained oy adding on HBr in glacial acetic acid to the three nitro-cinnamic 
acids (PrausnitZf Ber. 17, 596; Easier^ ibid,, 1494) (c/. nitrophenyl-hydracrylic 
lactones, above). 

/^-Hydroxylamino-hydrocinnamic acids, C#H 6 CH(NHOH) •CH 2 COOH, m.p. 
166° (decomp.), is obtained by adding on free hydroxylamine to cinnamic acid. 
On oxidation with ammoniacal silver nitrate it is converted into y-phenyUisoxazo- 
lone (Vol. IV), and by nitrous acid into N-hydroxy-y-phenyUisoxazolidone, On 
reduction it gives /3-ammo-hydrocinnamic acid. CftH 6 CH(NH 2 ) •CH 2 COOH, m.p. 
231®, which, with nitrous acid, gives /3-phenyl-nydracrylic acid. Nuclear substi¬ 
tuted /5-amino-hydrocinnamic acids are also obtained from substituted ethyl cin- 
namates by the action of hydroxylamine (Posner, Ber. 38, 2316; 39, 3516; Ann. 
389, 29). /3-Phenyl-a-aminobutyric acid, C 6 H 5 CH 2 CH 2 CH(NH 2 )COOH, m.p. 
296®, is obtained by reducing the oxime of benzyl-pyruvic acid (Knoop, Ber. 39, 
1478). 

7 - and 6 -HYDROXY-ACIDS. Phenyl derivatives of the higher y-hydro?^- 
acids are known, beginning with phenyl-hydroxy-butyric acid. They readily 
form lactones. 

Y-Phenyl-Y-hydronybutyric acid, CeHj-CHOH CHa CHaCOOH, m.p. 75®, 
slowly decompHDses at a temperature as low^as 70° into water and the lactone, m.p. 
37®, b.p. 306® (Pechmann, Ber. 15, 880). It can be obtained from phenyl- 
bromo-butyric acid and from /S-benzoyl-propionic acid (p. 431). Its lactone is 
formed when styryl-acetic acid or phenyl-paraconic acid is boiled with dilute 
sidphuric acid (Erdmann, Ann. 228,178; Lesser, ibid., 288, 1921; Fittig, Ber. 33, 

3519). For the relationship of m-tolyl-butyrolactone, CHsC«H 46 hCH 2 CH 2 Co 6 , 
to cannabinol, the poisonous resin from Indian hemp, Cannabis indica (Vol. II, 
p. 511) see Arch. Pharm. 272, 213. 7 -Anisoyl- 7 -butyrblactone, m.p. 63-66°, is 
obtained by the catalytic reduction of the corresponding keto-butyric acid (p. 
432). 

a-Ph 6 iiyl- 7 -hydroiQrvaleric acid is only stable as a liquid lactone (Wellner, Ber. 
17j 73). 7 -Phenyl- 7 -valerolactoiie, b.p. 169® (16 mm.), is obtained from laevu- 
limc ester and phenylmagnesium bromide (Grignard, C.r. 135, 627). 6 -Phenyl- 
7 -bydrozyvalenc acid, m.p. 101®; lactone, m.p* 33®. /S-Benayl-y-l^droaqrvaleriQ 
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acid, m.p. 75^; lactone m.p. 86®, is obtained from benzylidene-laevulinic acid 
{Erdmann, Ann. 254, 216; Stern, ibid., 268, 94; Weltner, Ber. 17, 73). a- 
Benzyl-5-hydroxyvaleric acid (Attchan, Ber. 24, 2447). 


(6) Dihydroxy-alcohol Acids 

These are usually prepared by oxidising phenyl-olefine-carboxylic acids with 
permanganate (Fittig, Ann. 268. 44; 283 , 338). The two possible phenyl- 
glycerolic acids are known: Atroglycerolic acid, a-phenyl-glycerolic acid, 
CH20H-C(C«H6)(0H)-C00H, m.p. 146®, is obtained by boiling a,i5-dibromo. 
hydratropic acid with excess of alkali, or by treating benzoyl carbinol (p. 403) 
with hydrocyanic acid and hydrochloric acid (Plochl, Ber. 16, 1292). On beating 
it decomposes into carbon dioxide and phenyl-acetaldehyae. Dibromo-hydra- 
tropic acid, CHjBr• CCeHfiBr• COOH, m.p. 115®, is obtained by the action of 
bromine on atropic acid. When boiled with water it breaks down into aceto¬ 
phenone, carbon dioxide, and hydrobromic acid. 

Styceric acid, /3-nhenyl-glyceric acid, CeHs^CHOH-CHOH*00011, contains 
two asymmetric carbon atoms and therefore occurs in a number of modifications. 
One of them, m.p. 122®, is obtained by hydrolysing the dibenzoyl ethyl ester, 
C«H6Cn(OCOC6H6)CH(OCOC9H6)COOC2H6, m.p. 109®, with alcoholic potash. 
This ester is obtained by the action of silver benzoate on the dibromide of cin¬ 
namic ester. When it is hydrolysed by aqueous alkali, another acid, m.p. 141® 
(decomp.), is obtained, which is also formed when cinnamic acid is oxidised by 
permanganate in the cold. It is less soluble in ether than the first acid mentioned. 
Its ethyl ester, when carefully benzoylated, gives a dibenzoyl ester, m.p. 85®, 
while on benzoylation at a higher temperature a rearrangement takes place and 
the ester, m.p. 109®, is obtained. By‘the action of alkalis on phenyl-a-chloro- 
hydracrylic acid, both acids are formed, phenyl-glycidic acid being an inter¬ 
mediate product. The acid, m.p. 122®, is racemic and can be resolved by means 
of its strychnine salt: ri-form, m .p. 95®, [a] d in 7.64% acetone solution +27.49®; 
Z-forra, m.p. 97-98®, [aln —25.6®. The acid of m.p. 141® has been resolved by 
means of its morphine ester into a d-form, m.p. 167®, [aln +39.57®, and a f- 
forra, [alo —30.28®. The configuration of these two acids is arrived at from the 
fact that common fumaroid cinnamic acid gives, on oxidation with permanganate, 
the acid that melts at 141®, while maleinoid allocinnamic acid (p. 465) gives the 
acid m.p. 122® (c/. Vol. I, p. 710, tartaric acids) {Riiber, Ber. 41, 2411; 48, 
823 ; 50, 893). Hence the two pairs of acids have the conngurations: 


CbH, 

nioH 

h(!;oh 

iooH 


cji. 

Hoin 

H0(!)H 

iooH 


Racemic acid, m.p. 122 


CJI. 

nioH 

HO(*3H 

ioOH 


eja, 

Hoin 

ndjOH 

(i:ooH 


Racemic acid, m.p. 141° 


When heated above their melting points these acids decompose into carbon 
dioxide and phenyl-acetaldehyde. When they are heated with sulphuric acid, 
concentrated hydrochloric acid, or acetic anhydride, they lose water and phenyl- 
pyruvic acid is formed {Dieckmann, Ber. 43, 1032). With hydrobromic acid, the 
acid of m.p. 122® gives a phenyl-zS-bromo-a-hydroxy-propionic acid, m.p. 157®, 
and the acid of m.p. 141® gives a bromo-hydroxy-acid of m.p. 166®. 

0*CH(CJ36)*0 

Ethyl benzylidene-phenyl-glycerate, I I , is ob- 

C,HbCH-CHCOOCeH# 

tained in two stereoisomeric forms, m.p. 104® and 61®, by the action of diazo- 
aoetio ester on benzaldehyde. On hyorolysis, bemylidene-phenyl-glyceric adds, 
m.p. 132® and 156®, are formed. They are decomposed by acetic acid into benz¬ 
aldehyde and the phenyl-glyceric acids of m.p. 122®* and 141 ®. The benzylidene- 
phenyl-glyceric acid of m.p. 166® is reformed from the 141® acid by shaking it 
with benzaldehyde and 50% sulphuric acid (Dieckmann, Ber. 43, 1024). 
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p-Nitroi»henyl-riyceric acid, m.p. lO?", is obtained from p-nitrophenyl- 
glycidic acid. o-Aminophenyl-^yceric acid, m.p. 218°. 

d-Phenyl-a-chioro-hydracrylic acid,6,H,CH(OH)CHCl COOH + H,0, m.p. 
56-57®, anhydrous 102-103®, is prepared by the action of hypochlorous acid on 
cinnamic acid (Rassow, J. pr. 84, 473). It is converted by sodium amalgam into 
phenyl-hydracrylic acid, and by alkalis into phenyl-glycidic acid^ or phenyl-ace¬ 
taldehyde, and phenyl-glyceric acid. Fuming hydrochloric acid gives phenyl- 
dichloro-propionic acid (Zimmer, Ber. 22, 3140). 

^-Phenyl-a-bromo-hydracryUcacid,C«HjCH(OH) CHBr COOH + HaO, exists 
in the anhydrous state in two high-melting racemic forms, the stable a-modifica¬ 
tion, m.p. 125®, and the unstable /J-modification, m.p. 126.5°; an optically active 
form, m.p. 119°, a low-melting racemic form. m.p. 69°, and an optically active 
form, m.p. 97®. It is obtain^ by boiling phenyl-dibromo-propionic acid with 
water (Berner, Ber. 54, 1946). For the crystallographic constants of these forms, 
see Berner, Z. Kr>’st. 56, 489. The m.p. and configurations of the jS-phenyl-a- 
bromo-jS-hydroxy- and -/3-bromo-a-hydroxy-propionic acids are also given. 

/J-Phenyl-«-iodo-hydracrylic acid, CaHiCHCOH) CHI COOH, m.p. 137° (de¬ 
comp.), is obtained by the action of iodine chloride on cinnamic acid (BrZen- 
meyer, Ber. 19, 2464). o- and p-Nitrophenyl-a-chloro-hydracrylic acids, m.p. 
119® and 165®. The o-compound gives indole with sodium amalgam (Baeyer, 
Ber. 13, 2261; Lipp, Ber. 19, 2646). 

/9-Phenyl-a-amino-hydracrylic acid, phenyl-serine CeHiCH • (OH) •CH(NH 2 )- 
COOH + HjO, m.p. 201° (decomp.), is obtained by the action of acid on its 
benzylidene compound, which is itself the condensation product of benzaldehyde 
and glycocoll under the action of sodium hydroxide. A more soluble stereo- 
isomeric acid, m.p. 187° (decomp.), is formea simultaneously {Erlenvieycr^ Ann. 
307, 84). 

^-Phenyl-/3-aminolactic acid, phenyl-isoserine, C®H 6 CH(NH 2 ) -CHOH • COOH, 
m.p. 231® (decomp.), is an isomer of the preceding compound, and is obtained as 
an addition product of ammonia on sodium phenyl-glycidate in the cold, or on 
^-phenyl-/?-bromo-a-hydroxypropionic acid (Oeaterlinf C. 1929, II, 1398). An¬ 
other stereoisomeric acid, m.p. 241°, is formed at higher temj^ratures (Erlen^ 
meyer, Ber. 39, 791). Another isomeric acid, m.p. 270-280° (decomp.), has been 
obtained by treating phenyl-glycidic ester with ammonium hydroxide and hydro¬ 
lysing the amide formed with barium hydroxide {Oesterlin^ loc, dt,). For di¬ 
hydroxy-serines, see Rosenmundf Ber. 52, 1734. 

/J-Phenyl-^-chloro-a-hydroxypropionic acid, CbHsCHCI • CH(OH) • COOH. 
m.p. 141°, and phenyl-/9-bromo-a-hydroj^ropionic acid (see above) are obtainea 
by the action of the fuming hydrogen halides on phenyl-glyceric acid, o- and p- 
Nitro-phenyl-/3-chlorolactic acids, m.p. 125° and 167®, obtained from the corre¬ 
sponding glycidic acids by action of fuming HCl. o-Nitrophenyl-/3-bromolactic 
acid, m.p. 136° {Lipp, Ber. 16, 1290; 19, 2646; Morgan, Ber. 17, 221). 

Cinnamic acid dichloride, <v,^-dichloro-hydrocinnamic acid, C«H6°CHC1*- 
CHCI COOH, m.p. 163®, is obtained by the action of chlorine in carbon disulphide 
solution on cinnamic acid, or by the action of fuming HCl on phenyl-chlorohy- 
droxypropionic acid (Erlerimeyer, Ber. 14, 1867). Allocinnamic acid dichloride 
is a viscous oil. It has been resolved by means of strychnine. Cinnamic acid 
dibromide, a,/9-dibromo-hydrocinnaniic acid, m.p. 195®, breaks up on boiling 
with water, giving carbon dioxide, phenyl-acetaldehyde, cinnamic acid, and 
phenyl-bromohydroxypropioiiic acid. It has been resolved by means of strych¬ 
nine. Methyl ester, m.p. 117°; ethyl ester, m.p. 76° (Svdborough, J. 83, 
666). Allocinnamic acid diibromde. m.p. 91-93®, can be resolved by means of 
cinchonine. Methyl ester, m.p. 53® (Aromtein, Ber. 22, 1181; Liebermahn, 
Ber. 26, 1664; 27,2038). 

o- and p-Nitro-a,^-dibromo-hydrocinnamic acids, m.p. 180® and 217®. o- 
and p-Ethyl esters, m.p. 71° and 110® {Drewson, Ann. 212, 151). 

o-Methoxy-cinnamic acid dibromide, m.p. 175°; piperonyl-acrylic acid di¬ 
bromide, m.p. 156®. In these two dibromides the bromine atom next to the 
benzene nucleus is exceedingly reactive, like that of the paeudo-phenyl halides and 
the dibromides of the olefine-phenols {Werner, Ber. 39, 27; Hoering, Ber. 40, 
2174). r- 1 

Pbenyl-itlycidic acid, CfHi°CH°0°CH‘COOH, m.p, 84® (Diecktnann, Ber. 43, 



PHENYL PARAPFIN ALDEHYDE CARBOXYLIC ACIDS 421 


1036), is obtained by the action of alkalis on phenyl-chloro-hydroxypropionic acids; 
by the action of hydrogen peroxide and alkali, or of hypohalites on cinnamic 
aldehyde at a temperature below 60® (Ger. Pats. 609,938 and 615,034; Fr. Pat. 
682,471); and by condensation of benzaldehyde with chloracetic ester by means 
of sodium ethylate or sodamide. It decomposes readily into carbon dioxide and 
phenyl-acetaldehyde. When boiled with water phenyl-glyceric acid is also pro¬ 
duced. When acted upon with hot concentrated hydrochloric acid it partly 
rearranges into the isomeric phenyl-pyruvic acid (p. 428) (Erlenmeyer, Ber. 33, 
3001). Its esters when warmed in the presence of catalysts, such as alumina, 
rearrange to so^aMed formyl~phenyl-<icetic esters (p. 4^) (Tiffeneau, An. Argent. 
16, 144). Sodium salts of optically active phenyl-glycidic acids have been ob¬ 
tained from the optically active phenyl-bromo-hydroxypropionic acids. 

A large number of homologous phenyl-glycidic esters have oeen obtained by con¬ 
densing aromatic aldehydes and ketones with chloracetic or a-chl<jropropionic 
esters, with sodium ethylate or sodamide as condensing agent (Darzer/s, C.r. 139, 
121 ; 142, 214; Claisen, Ber. 38, 699; Rosermund, Ber. 52, 1734). The free 
acids, obtained by hydrolysis, readily decompose into carbon dioxide and alde¬ 
hydes or ketones, in a similar manner to phenyl-glycidic acid itself (pp. 266, 281). 
/S-Methyl- and /3-eihyl-phenyl glycidic esters, b.p. 148® and 149® (12 mm.), The 
metliyl ester has a strong odour of strawberries. or-Metiiyl-phenyl-glycidic ester, 
b.p. 153® (18 mm.). Diphenyl-glycidic acid, m.p. 114-116®; ethyl ester, b.p. 
210-216® (25 mm.) (Rutowski^ Ikr. 64, 693). 

o-Nitrophenyl-glycidic acid, NO.[ 2 ]Cai 46 H O tnCOOH + HjO, m.p. 125* 
(anhydrous), 94® (hydrated), is obtained by the action of alcoholic potash on o- 
nitrophenyl-chloro-hydroxypropionic acid. When heated it decomposes into 
carbon dioxide and indigo, and when boiled with water it gives antnranil and 
anthroxan-aldehyde (p. 407) Einhora^ Ann. 284, 135; Ltpp, Ber. 19, 2649). 

7 -Phenyl-a-hydroxybutyrolactone, C«Hb 6 h• CH*• CH(OH)Co 6 . m.p. 125®, 
is obtained by reduction of benzoyl-p^rruvic acid with sodium amalgam. W^hen 
boiled with dilute hydrochloric acid it rearranges to /S-benzoyl-propionic acid 
(p. 431) iErlevm€7jer, Ber. 35, 3767). 

(c) Trihydroxy-alcohol Acids 

7 -Phenyl-trihydro^-butyric acid, C«H 6 (CHOH) 8 COOH, readily forms a lac¬ 
tone, m.p. 116®, which on reduction gives phenyl-totrose (p. 403). 7 -Phenyl- 
trihydroxy-butyric acid is obtained from the dibromide of cinnamic aldehyde cyan- 
hydrin {Fischer, Ber. 25, 2556; Thiele, Ann. 319, 206). 


7n Phenyl Paraffin Aldehyde Carboxylic Acids 

In the chapters dealing with aliphatic unsaturated ketols, hydroxy-olefine 
carboxylic acids, and hydroxy-keto carboxylic acids (Vol, I, pp. 393, 452. 598), 
the formation of the so-called hydrox^z-methylene ctimpounds was explained. 
They are the condensation products of acetone, acetic acid, acetoacetic esters and 
other substances with formic ester in the presence of sodium ethylate. Formerly 
it was thought that these compounds contained an aIdehydo-group, because in 
certain ways they react as aldehydes. They are, however, distinctly acidic in 
character, and this fact is best accounted for by regarding them as hydroxy- 
methylene compounds. It is noteworthy that in the condensation of phenyl- 
acetic ester with formic ester in the presence of sodium ethylate, two isomeric 
esters are formed. Both give the same compound with phenyl-hydrazine. Both, 
according to current views, consist chiefly of two stereoisomeric cnol-forms, while 
the aldehyde form (‘*formyl-phenyl-acetic ester") i formerly attributed to the 
solid ethyl ester and to the metnyl ester melting at 41®, seems only to exist in alco¬ 
holic solution {Wislicemis, Ann. 389,265). One of the ethyl esters is a liciuid, the 
other a solid. In solution, and on standing, they readily change into one another. 
In the metallic compounds the liquid form is present. It is distinguish^ from the 
solid form by giving a strong bluish-violet colourat ion with ferric chloride, and by 
more readily reacting with phenyl isocyanate. 
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Methyl hy dr oxymethylene-phenyl-acetate, CHOH:C(CeHb)COOCHi, is ob¬ 
tained oy condensing methyl phenyl-acetate and methyl formate with sodium in 
ether as condensing agent. Its a-form, m.p. 40-41®, shows the typical reactions 
of an enol-compound, viz.^ the coloration with ferric chloride, and formation of a 
sodium salt. On rapid acidification the a-form changes to the /9-form, m.p. OI¬ 
OS®, which does not give the ferric chloride reaction, and is therefore to be regarded 
as an aido-forim CHO*CH(C 8 H 5 )COOCHt, or an aldo-enol form, CHO*- 
C(C«H(i) :C(0H)0CH8. Methyl alcohol adds on to both forms, giving a com¬ 
pound, m.p. 96-97®. In solution, or on heating, the /3-form changes into the «- 
form, though the reverse change has not yet been observed to take place spon¬ 
taneously {WUlicenus. Ann. 413, 206). 

Ethyl hydroxymetnylene-phenyl acetate, "formyl-phenyl-acotic ester," 
CHOfl:C(C«H 5 )COOC 2 H 8 , a-form, b.p. 126-126® (9 mm.), /3-form, m.p. 110® 
(observed in a Jena glass capillary). The a-ester is obtained from the reaction 
product of phenyl-acetic and formic esters with sodium ethylate, which is decom¬ 
posed with carbon dioxide, followed by vacuum distillation of the precipitate. 
The /3- form (formerly callea the y-form) is obtained from the a-form by dissolving 
it in caustic potash and precipitating with dilute sulphuric acid. The form 
formerly called /3 has been found to be an impure y-form (as formerly designated). 
It is extremely sensitive to traces of alkali, and when its melting point is deter¬ 
mined in a capillary tube made of ordinary glass, it can be as low as 70°. The 
phenyluretJiane of the a-form, m.p. 59®, appears, on heating, to change into that 
of the /9-form, m.p. 123-124®. In alcoholic solution the solvent partly adds on 
to the double bond of the enol forms. In air, both forms undergo autoxidation 
to phenyl-glyoxylic acid and formic ester (Scheiber, Ann. 405, 295; Dieckmann, 
Ber. 49, 2213; 50, 1375; Wislicenua, Ber. 51, 1366). The sodium compound of 
the a-ester gives an unstable liquid a-benzoate with benzoyl chloride, which on 
distillation isomerisesf to the solid /8-benzoate, m.p. 88®. Hydroxymethylene- 
benzyl cyanide, CHOH:C(CflH6)CN, m.p. 158®, is obtained from benzyl cyanide 
and isoamyl formate. On catalytic reduction it gives the aldime of hydrexj*^- 
methylene-phenyl-acctaldehyde, C6H6C(CH:NH)CHOH, m.p. 110®, from which 
oxalic acid liberates the aldehyde, m.p. 95® (Rupe, Helv. 10, 299). 

8 . Phenyl Paraffin Keto-carboxylic Acids 

The phenyl-ketonic acids, like the aliphatic ketonic acids, can be 
classified into a-, /9-, and 7 -acids, and each of these groups can be 
subdivided according to whether the keto-group is, or is not, directly 
attached to the ring. The general method of preparing (hydroxy-) 
phenyl-keto-carboxylic acids is to condense phenols with dicarboxylic 
acids by means of zinc chloride: (JELOWJI, + HO-CO(CH 2 )nCOOH 
« (H 0 ) 2 C 6 H 8 C 0 (CH 2 )„C 00 H. By this method, long-chain benzoyl- 
aliphatic acids are obtained (Ger. Pat. 521,458). By reduction with 
amalgamated zinc and hydrochloric acid, phenyl keto-carboxylic 
acids are converted into phenyl-aliphatic acids. 

(a) u-Keto-carboxylic Acids 

These are obtained by the oxidation of (7) ketones, (2) glycols, 
(5) keto-alcohols, and (4) hydroxy-carboxylic acids. Nuclear syn¬ 
theses include (5) the hydrolysis of the cyanides of keto-acids by 
means of cold concentrated hydrochloric acid, and (6) the action of 
chloroxalic esters on benzene hydrocarbons in the presence of alumin¬ 
ium chloride. 

Phenyl-glyoxylic acid, benzoyUformic acid, CeHs-CO-COOH, 
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(Bitchka, Ber. 20, 389), or of phenyl-glycol, benzoyl-carbinol, or 
mandelic acid with nitric acid: 

C,H,CO • CH,-V yCJl,CO • CHaOH 

>-► CcHftCOCOOH 4-C 

CeH,CH(OH) • CHaOH/ \C«H»CH(OH)COOH 

It is prepared by the oxidation of an aqueous solution of sodium 
mandelate with permanganate in the cold {Corson, Org. Synth. 8,68). 

It was first synthesised by Claisen, who prepared its nitrile, benzoyl 
cyanide, from benzoyl chloride by the action of mercury or silver 
cyanide, and then hydrolysed this nitrile. Posner (Ber. S3,1925) pre¬ 
pared the ethyl ester by acting on chloroxalic ester with mercury di¬ 
phenyl, or with benzene in the presence of aluminium chloride, and by 
passing oxides of nitrogen into an alkaline suspension of indigo. 

Phenyl-glyoxylic acid is very soluble in water. It decomposes on distillation, 
mainly into carbon monoxide and benzoic acid, and to a lesser extent into carbon 
dioxide and benzaldehyde. When heated with aniline it breaks down into carbon 
dioxide and benzylidene-aniline (p. 272); this reaction also occurs smoothly with 
ring-substituted phenyl-glyo:^lic acids, and can be used for the preparation of 
aldehydes. When treated with benzene containing thiophene and concentrated 
sulphuric acid, phenyl-glyoxylic acid and all its derivatives, including isatin (see 
p. 424), give a dark red colouration, which gradually changes to bluish-violet. 

As a keto-acid, phenyl-glvoxylic acid combines with sodium bisulphite and 
with hydrocyanic acid (see phenyl-tartronic acid). WTien reduced with sodium- 
or zinc-amalgam it gives mandelic acid, and with hydrogen iodide it gives phenyl- 
acetic acid. With hydrogen sulplude it gives S(SCH(C 6 H 5 )COOH) 2 , which is 
converted by alkalis into thiophenyi-acetic acid, C«H 5 *011(811)00011, an oil 
{JJlpiani, Lincei, 12 , II, 219). 

Methyl ester, b.p. 247®. Ethyl ester, b.p. 257°. a-Amide, m.p. 90°. i3- 

Amide hydrate, O 6 H 6 COCONH 2 4- H 2 O, m.p. 64°. 7 -Amide, m.p. 134° (Clai- 
sen, Ber. 12,633; Buchka, Ber. 20 ,397). The anilide, m.p. 63^, is obtained from 
7 -benzil-monoxime (g.v.) by the action of phosphorus pentachloride. 

Benzoyl cyanide, CeHs-CO-CN, m.p. 34°, b.p. 96° (15 mm.), is obtained by 
distilling benzoyl chloride with mercury cyanide; by the action of benzoyl chloride 
on a solution of hydrocyanic acid in ether in the presence of pyridine, when its 
dimer is also produced; from isonitroso-acetophenone by the action of acetyl 
chloride (Claisen, Ber. 20, 2196; 31, 1023); from benzene by the action of gase¬ 
ous cyanogen and aluminium chloride ( Vorldnder, Ber. 44,2455); and from benz¬ 
aldehyde cyanhydrin by the action of chromic acid in glacial acetic acid (Arch. 
Pharm. 269, 583). When its solution in dry ether is treated with sodium it is 
converted into bis-benzoyl cyanide, (C 8 H 5 N()) 2 , m.p. 95° (Diels, Ber. 41, 1S93). 
Benzoyl cyanide is decomposed by alkalis into benzoic acid and potassium cyanide, 
and it is converted by concentrated hydrochloric acid into phenyl-glyoxylic acid. 
For its reactions with organo-magnesium compounds, sec de Cosier, Ac. Belg., 
1925, 361. A Irimolecular hemoyl cyanide (C 8 H 5 NO) 8 , forming yellow needles, 
m.p. 194°, is obtained by acting on benzoyl bromide with silver cyanide (Diels, 
Ber. 40, 1655). 

ci^-Trichloro-acetophenone, CeHBCOCCIs, the chloride of benzoyl-orthoformio 
acid, b.p. 120-121° (15 mm.), is obtained from benzene and trichloro-acetonitrile 
by the action of aluminium chloride, followed by decomposing the product with 
gaseous hydrogen chloride (Houben, J. pr. 123, 313), and by way of its carbinol 
(obtained from benzene and chloral) by oxidation with dichromate. On boiling 
with alkalis it gives chloroform and benzoic acid (Florence, Bull. 49, 925). 

Chloro-isonitroso-acetophenone, henzoyUformoximic chloride, CbHb-CO*- 
C(:N0H)C1, m.p. 131°, is a chlorination product of isonitroso-acetophenone (p. 
407) (Claisen, Ann. 274^ 96). Formazyl-phenyl ketone, C 8 H 6 COC(NrNCeH*):- 
NNHCeHs, m.p. 142°, is obtained from benzoyl-acetic acid, or benzoyl acetone, 
by the action of an aqueous solution of a diazonium salt. When reduced it 
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breaks down into aniline and benzoyl<«midrazone, C«H|C0*C(NH2) :NNHC«Hi, 
m.p. {Bambergerj J. pr, 65, 139). 

Benzoyl cyanide anu, C<H6C(:NCifif)CN, m.p. 72°, has been obtained from 
anilino-phenyl-acetonitrile (p. 413) by oxidation with ^rmanganate in acetone. 
p>Dimethyl-amino-benzoyl cyanide anil, m.p. 121°, is obtained in a similar man¬ 
ner (Sacks^ Ber. 35, 3569). 

Phenylhydrazunethylenecarbozylic acid, hydrazine salt, m.p. 119°. Di- 
phenyl-^yoiqrUc hydrazone, N*(:C(CiHft)COOH)i; diethyl ester, m.p. 138° 
XCuriiua, J. pr. 44, 667). Phenyl-glyosyUc-phenylhydrazone, m.p. 163° (Elbers, 
Ann. 227, 341). 

or syw-Phenylglyo::^lic oxime, m.p. 147°; «- or an^i-phenylglyozylic oxime, 
is(mitro8o-pkenylajceiic acid, C6Hb*C(:NOH)COOH, m.p. 128* {Hanlzsch, Ber. 
24, 42). Methyl ester, m.p. 138°; dimethyl ester, m.p. 66° {Gabriel, Ber. 16, 
619). Benzoyl cyanide oxime, isoniiroso^benzyl cyanide^ CJi 5 *C(:NOH)CN, 
m.p. 129°, is obtained by the action of amyl nitrite and sodium ethylate on benzyl 
cyanide, from phenylglyoxime by boiling with sodium carbonate, or directly from 
cij-dibromo-acetophcnone by the action of hydroxylamine and alkali {Russanow, 
Ber. 24, 3604; Zimmermarm, J. pr. 66, 353). 

Substituted bemoyl-formic adds, {Poly)-hydroxy-henzoyl formic esters are ob¬ 
tained from phenols and ethyl cyanoacetate by the action of zinc chloride {Finger, 
J. pr. 103, 249). p-Methoxy-benzoyl cyanide, m.p. 63-64°; 3,4-dimethoxy 
benzoyl cyanide, m.p. 116-117°; 3,4-methylene-dioxy-benzoyl cyanide, m.p. 
98-99°, are obtained from the corresponding aldehydes (Arch. Pharm. 269, 
681). o-and p-Bromobenzoyl-formic acids, m.p. 93-103° and 108° {Russanow, 
Ber. 25, 3298; Rupe, Ber. 28, 259). 

o-Nitrophenyl-giyoxylic acid, N02C6H4C0-C00H -1- H 2 O, m.p. 47°, anhy¬ 
drous 156-157° (decomp.), is obtained (i) from o-nitrobenzoyl chloride, which is 
converted into the cyanide and then hydrolysed by Claisen^s method (see above); 
{2) from o-nitromandelic acid by the acjtion of permanganate {Heller, Ber. 44, 
2418). Ethyl ester, m.p. 43-44.5°; amide m.p. 199°; nitrile, m.p. 54° {Fehrhn, 
Ber. 23 , 1577). With water its oxime gives carbon dioxide and o-nitrobenzo- 
nitrilo, and with boiling aqueous alkali, salicylic acid ( Meyer, Ber. 26 ,1252). The 
acid forms two isomeric phenylhydrazones {Auwers, Ber. 23 , 2080). /a-Nitro- 
phenyl-glyoiylic acid, m.p. 77° ; amide, m.p. 151°; nitrile, b.p. 230° (145 mm.) 
{Claisen, Ber. 12 . 1943). p-Nitrobenzoyl cyanide, m.p. 116°, is obtained from 
isonitroso-p-nitrooenzyl cyanide by decjomposition (Zvmmerrnann, J. pr. 66,353). 


Isatinic acid, o-aminobenzoyl-formic acidy or o-aminophenyl- 
glyozylic acid, is obtained by reduction of o-nitrobenzoyl-formic 
acid with ferrous sulphate and caustic soda, and by the action of 
alkalis on isatin. When it is liberated from its lead salt with hydro¬ 
gen sulphide and dried by evaporation in a good vacuum, it is obtained 
as a white powder. \^en heated in solution it quickly forms a 
lactam or a lactim. 


Isatin, the lactam of isatinic acid, C 6 H 4 <^ 

tim of isatinic acid, C,H«/ '>COH, m.p. 

\n-^ 


[1] CO-CO 

I, or the lac- 
-[2]NH 

201 °, was first obtained 


by the oxidation of indigo. It forms orange-red prisms. It dis¬ 
solves in alkalis forming salts. These solutions are first violet, but 
soon turn yellow, owing to the formation of isotinates. At the same 
time, isatin gives the reactions of a typical ketone. It is obtained 
from isonitroso-acetanilide, C6HsNH-COCH:NOH, by the action of 


/NH\ 

sulphuric acid when jS-isatin-imine, C*H 4 <f /CO, is formed. This 

\C=^(NH) 

is then acted upon with ammonia (Ger. Pat. 320,W7). 
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Isatin is prepared by heating isonitroso-acetanilide (obtained from aniline by 
the action of chloral hydrate and hydroxylamine hydrochloride) with concentrated 
sulphuric acid {Marvel, Org, Synth. I, 321). Other methods by means of which 
isatin and its derivatives may be obtained will be dealt with in the next volume 
under hydro-indole derivatives. Derivatives of both tautomeric forms are 
known, those from the lactam form being called pseudo- or N-isatin derivatives. 
While Baeyer held that free isatin had the lactim formula, recent investigations 
have shown that it has the lactam form both in the crystalline state, and in alco¬ 
holic solution (cf. Vol. IV). 

Isatin was discovered by Laurent in 1841 (C.r. 12, 537) who obtained it by the 
action of nitric acid on indigo, but did not disclase the method. 0. L. Erdmann 
(J. pr. [11,24, 2) then published its preparation by means of chromic acid. As 
early as 1^0, Erdmann had obtained chloro-dcrivatives of isatin by treating 
indigo with chlorine {ibid,, 19, 321: 22, 257). 

Like pyrrole and other com^unds containing a 5-membered ring, isatin shows 
a tendency to take up atoms or groups with the formation of 6-membered hetero¬ 
cyclic compounds. Thus, with diazomethane, 2,Z-<iihydroxy-quinoline, and with 
nascent oxygen at 50®, isatoic anhydride (p. 324) are formed, a-lsatoxime. 


Ca!<“>C(NOH) 


, on heating with alkali, isomerises to benzoylene-urea^ 


C.H 




(He«Jer,Ber.49,2774). 


With thiophene in the presence of sul¬ 


phuric acid, isatin condenses to give indophenine, which is formulated at present as: 




NH. 


NH 



NH 






IH 


{Sleinkopf, Ann. 432,251; 495, 144; </, iTeZter, Chem. Z. 54, 986 ; 57,74). 

With ammonia, isatin forms a stable ketimine, imesatin, of which the formula 
has been given above. It forms dark yellow pnsms, m.p. 175-176®. A highly 


NH. 

unstable addition product, known as isatin-ammonia, CeHZ ^CO 

X(OH)(NH,) 


IS 


also formed. It is orange in colour (ReisserL Ber. 57, 972). ^ With ketones, such 
as acetone or acetophenone, in presence of alkali, isatin and isatinates condense, 
with enlargement of the ring. Salts of substituted cinchoninic acids are formed, 
e,g,, 2-phenyl-quinoline-4-carboxylic acid with acetophenone {Dilthey, Ber. 58. 
15^). N -Substituted isatins have been obtained by condensing monosubstitutea 
anilines with oxalyl chloride, followed by treatment with aluminium chloride 
{StolU, Ber. 46, 3915); or N-substituted cyano-formanilides, C*HjN(R)COCN, 
may be condeni^ by means of zinc chloride or aluminium chloride, and the imide 


compound formed, C|H 4 <' 

. XTTJ 


C:NH 


is hydrolysed (Ger. Pat. 515,542). 


The methods of formation, and reactions of isatin derivatives will be dealt with 
more fully in Vol. IV. 

Polymeric isaZins, When isatin-O-methyl ether is heated, or exposed to light, 
derivatives of a bimolecular isatin (isatoid) are formed* Isatoid itself: 
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CjHi 

\ 


OH 


•N- 


”\ 


-N—C. 


C6H4 


N-Hydroji^-isatiii, 


/CO 
C«H4< >C0 
^NOH 


or 


m.p. 210-211®, is obtained by heating isatol. a-Isatol, red prisma, m.p, 194.6®, 
and /S-isatol, orange-yellow crystals, m.p. 162-163.5®, are trimolecular isatins, 
obtained by the action of benzoyl chloride on the silver compound of isatin 
(Heller, Ber. 54, 2217; J. pr. 135, 22; Hantzach, J. pr. 115, 127). 

CO 

C 6 H 4 <^^^C* 0 H, forms orange-red 

needles, strikingly resembling isatin, and melting at the same temperature, of 
200-201®. It is obtained by the action of acids on o-nitrobenzoyl-diazomfcthane, 
N02C®H4C0CHN2, in glacial acetic acid (Arndt, Ber. 60, 1367). For other 
methods of preparation, see a pamphlet by Heller, Isatin, etc,, Stuttgart^ p. 74 
(1931). When acted upon by alkali, it is converted into antliroxanic acid (see 
belovr) 

Formyl-isatinic acid, HCO*NH[ 2 ]C 6 H 4 COCOOH, m.p. 144® (not quite defi¬ 
nite). AceW-isatinic acid, CH 8 CO*NH[ 2 ]C 6 H 4 COCOOH, m.p. 160°, is ob¬ 
tained from N-acetyl-isatin'(see below) by acting on it first with alkalis, then with 
acids. Benzoyl-isatinic acid, m.p. 188®, is obtained by the action of permanga- 

.[ijcocio 

nate on benzoyl-tetrahydroquinoline. Formyl-isatin, CeH4<f , m.p. 

^[2]N~CHO 

/[l]COCO 

Acetyl-isatin, C«H 4 <r , m.p. 141®. Benzoyl-isatin, m.p. 

^[2]N—COCHs 

Benzene-sulpho-isatin, m.p. 187®, and N-isatin carbonic ester, m.p. 117°, 
are obtained from sodio-isatin and benzenesulphonyl chloride, and ethyl chloro- 
carbonate, respectively (Schotien, Ber. 24, 772; Heller, Ber. 51, 424; Hantzsch, 
Ber. 57, 196). 

/[l]Cs-COOH 

Anthroxanic acid, C«H 4 <(' | yo , m.p. 190®, is obtained, together with 

^[2]N/ 

other products, when isatinic acid is oxidised with permonosulphuric acid, or by 
the reduction of o-nitrophenyl-glyoxylic acid with tin and acetic acid, or zinc dust 
and ammonia; in the latter reaction the unstable o-hydroxylamino-phenyl’- 
glyoxylic acid is formed intermediately (Bamberger, Ber. 43, 122) (cf. the similar 
methods of preparing anthranil, p. 278). o-Hydroxylamino-phenylglyoxylic 
acid mves two anhydrides, i.e., anthroxanic acid and N-hydro^-isatin (see 
abov^. If a caustic alkali is added to the latter, an intense violet colour is 
formed momentarily, due to the formation of a N-hydroxy-isatin salt, and then 
the solution turns reddish-yellow and contains an o-hydroxyl-amino-phenyl- 
^lyoxylate, which, when acidified, reforms N-hydroxy-isatin. When the alka¬ 
line solution is heated, or allowed to stand, it becomes colourless, and now con¬ 
tains an anthroxanate. On acidifying, the acid separates as a colourless precipi¬ 
tate (Arndt, Ber. 60, 1368). This is the usual method of preparing anthroxanic 
acid. It can also be obtained, however, by heating o-nitroso-mandelic nitrHe 
with concentrated hydrochloric acid (Heller, Ber. 39, 2344), and by oxidising 
anthroxanaldehyde with permanganate (SchUlinaer, Ber. 16, 2222). When 
heated with water to 160®, it breaks down giving chiefiy aniline, and a little an¬ 
thranil and carbon dioxide (Bamberger, J. pr. 81, 254). Methyl ester, m.p. 70°; 
ethyl ester, m.p. 64-65° (Heller, Ber. 44, 2421). 

p-Dimethyl-aminophenyl-glyoxylic ester, (CHi) 2 N' 061140000002115 . m.p. 
187°, is obtained by the action of dimethylaniline on ethyl oxalate or ethyl oxalyl 
chloride in the presence of aluminium chloride (Michler, Ber. 10, 2081; Ouyot, 
C.r. 144, 1120). Its chloride is obtained by the action of dunethylaniline on 


108° 

206° 
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oxalyl chloride. Oa heating it breaks down into carbon monoxide and p-di- 
methylamino-benzoyl chloride (Stavdinger, Ber. 42, 3486). p-Aminophenyl- 
glyoxylic acid and its N-alkyl derivatives are obtained from aminophenyltartronic 
acids (p. 436) by oxidation (Ger. Pats. 117,021 and 117,168). 

o-Hydroxyphenyl-glyoxylic acid, HO[2]C6H4COCOOH, m.p. 57®, is obtained 
from isatinic acid by means of the diazo-sulphate. It condenses with o-phenylene 
diamine to o-hydroxyphenyl-hydroxyquinoxaline. This can be converted into, 

HO[2]C6H4C=Nv 

and obtained from, a lactone called coumaro-phenazine, 1 ^CeH^ 

HOC=n/ 

C,H4 C=N\ 

^ \ I >C 8 H 4 (Marchlewski, Ber. 34, 2294). o-Acetozyphenyl-gly- 

O-C— 

oxylic acid, m.p. 101-106° (containing 1 mol. H 2 O), is obtained from its nitrile, 
m.p. 111°. which is the reaction product of aceto-salicylyl chloride and silver 
cvanide (Anschutz, Ann. 368, 80). 

.COv 

Coumaran-dione, C 6 H 4 <^^^^CO, yellow needles, the oxygen analogue of 

isatin, m.p. 134°, is obtained by the oxidation of the so-called oxy-indigo with 
chromic acid in glacial acetic acid (Stoermer, Ber. 42, 199). A derivative, 

✓COv 

isonitroso-coumarone, C 6 H 4 <^^ ^C:NOH, m.p. 172° (decomp.), is obtained 

from a-nitro-covinarone, by a rearrangement which occurs in the presence of 
sodiumethoxide (Stoermer, Ber. 35,1640: Fritsch, ibid,, 4346). Thep-dimethyl- 

xCOv 

amino-anil of coumaran-dione, C«H 4 < >C:NCeH 4 N(CH 8 ) 2 , m.p. 185°, is 

obtained by the condensation of coumaranone with p-nitroso-dimethylaniline. 
The two last-named compounds are decomposed by nydrochloric acid into hy- 
droxylaminc and p-amino-dimethylaniline, and o-hydroxyphenyl-glyoxylic acid, 
respectively (Fries, Ber. 44,124). 


Thionaphthene -quinone, ^ 'thio -isatin, * ’ CeH 4 ' 


/CO. 


CO, crystallises from alco¬ 


hol in yellow prisms, m.p. 121°, b.p. 247°. It is obtained from its a-anil, which 


CO/ 


CBr 2 , or from 


is a transformation product of dibromo-thioindoxyl, C 6 H 4 < 

/COv 

isonitroso-thioindoxyl, C 6 H 4 <" yC:NOH, m.p. 172°, by decomposition with 

dilute sulphuric a(*id. It dissolves in alkalis, salts of ihiophenoUo^lyoxylic acid 
being formed. The free acid easily reverts to the anhydride (Bezfrik, Ber. 41, 
227). Coumaran-dione and thionaphthene-quinone are dealt with further in 
the next volume. 

p-Metho]^phenyl-glyoxyUc acid, m.p. 89°, veratroyl-carbojylic acid, (CHj) 2 - 
[3,4]C6H3C0 C00H, m.p. 138°, and piperonyl-carboxylic acid, (CH202)[3,4]- 
CeHsCO-COOH, m.p. 148°, have been obtained by the oxidation of anethole, 
isoeiigenol-methyl ether, and isosafrol, respectively (Wagner, Ber. 24, 3488). 
The nitriles of the first two acids, m.p. 64° and 117°, have been prepared from 
anisic and veratroyl chlorides and hydrocyanic acid in the presence of pyridine 
(Mauthner, Ber. 42, 188). 2,5-Dihydroxyphenyl-glyoxylic acid, m.p. 141°, is 
obtained by oxidising o-hydroxyphenyl-glyoxylic acid with potassium persulphate 
in alkaline solution (Neubauer, Physiol. 52, 375). 

/[IJCO-CO 

Homologous phenyl-glyoxylic acids. Methyl-isatin, CHt[5]C6H8<^ , 

m.p. 184°, is derived from m-tolyl-glyoiylic acid. It is prepared from p-methyl- 
isatin-p-toiyl-imide, m.p. 259°. which is the reaction product of dichloracetic acid 
and p-toluidine, by boiling with hydrochloric acid (Meyer, Ber. 16, 2261; Diiut- 
berg, Ber. 18, 198). 
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p-Tolyl-glyoxylic acid, m.p. 96® (Clam, Ber. 20, 2048). 

(p) 2,5-Xylyl-glyoxylic acid, m.p. 76® (BomeauU, Bull. [3], 17, 940). 

(m) 2,4-Xylyl-glyoxylic acid, m.p. 76® (BotweauU, Bull. [3], 17, 369). 

(o) 3,4-Xylyl-^yoxylic acid, m.p. 92® (Buchka, Ber. 20, 1766). 

MesityLglyoxylic acid, m.p. 118® (Clam, J. pr. 41, 604). 

2.4.6- Pseudocumyl-glyo3Qrlic acid, m.p. 76® (Clam, ibid.). 

2.3.4.6- and 2,3,6,6-Tetramethylphenyl-glyozylic acid (Clam, Ber. 19,233 ; 20, 
3099). Cymyl-glyoj^lic acid (Bomeavii, Bull. [3], 17, 940). 

Phenyl-pyruvic acid, C*H6*CHaCO*COOH, m.p. 167®, with loss of carbon di¬ 
oxide. It is obtained: from a-benzoyl-aminocinnamic acid, by boiling with 
aqueous caustic alkali or hydrochloric acid; from phenyl-oxaloacetic ester by 
boiling with dilute sulphuric acid: by a rearrangement of phenyl-glycidic acid 
(p. 421); and from benzyl cyaniae and ethyl oxalate, the phenyl-cyanopyruvic 
ester first formed being hydrolysed with cold cone, sulphuric acid (Erlmmeyer, 
Ann. 271, 163; 275. 8; HemmerU, Ann. chimie [9], 7, 226). The enol form, 
CftH6CH:C(OH)COOH, is assigned to the free acid, and the keto-form to the 
salts (Bougault, C.r. 160, 100). The acetate of the enol form, m.p. 168®, is 
obtained from the acid or its sodium salt by means of acetic anhydride. With 
ammonia, it is converted into a-j)henacetyl-amino-hydrocinnamic acid or phen- 
acetyl-phenylalanine (p. 414). It is smoothly decomposed by hydrogen peroxide 
in a&aline solution into carbon dioxide and phenylacetic acid. It combines with 
benzaldehyde in the presence of hydrochloric acid to give /3,'y-diphenyl-a-keto- 
butyrolactone (p. 671) (Erlenmeyer, Ann. 333, 160). There are three isomeric 
forms of the esters; the unstable a-form of the ethyl ester, m.p. 61-52®. on slow 
distillation changes to the stable /S-form, an oil, b.p. 149® (16 mm.); tneso two 
are obtained from phenyl-cyanopyruvic ester or phenyl-hydroxymaleinimide at 
140® by the action of alcoholic sulphuric acid. The y-form, m^. 79®, is ob¬ 
tained from the /S-form by means of sodium acetate solution. The a- and in¬ 
forms are enolic, and the y-form is keto (GanU, C.r. 171, 395). 

The methyl ester, m.p. 75®, and the ethyl ester, m.p. 46® (51-52®?), combine 
with sodium bisulphite. Under the action of alkalis, the esters polymerise to 
dUphenyl-pyruvic acid, C«H 6 CH 2 C(OH)(COOH)CH(C(JB[ 6 )CO-COOH, m.p. 
194® (decorap.). The acid itself polymerises less readily (HemmerU, C.r. 162, 
768). 

a-Oximino-/3-phenyl-propionic acid, C*H 6 CH 2 C(NOH)COOH^ m.p. 159-160® 
(decompl.), is obtained by the action of 90% sulphuric acid, and nitrosyl-sulphuric 
acid, on benzyl-acetoacetic ester, follow^ by hydrolysis of the product. It 
gives a~hydroxy~fi-ph enyl-crotoTialactone: 


X(OH)CO 
C,H,.Ckf T 

\CHr—O 


COCO 


or 


I 

CHaO 


when boiled with formaldehyde and hydrochloric acid (Hall, J. 107. 132). 

o-Hydroxyphenyl-pynivic acid, HO*CeIl 4 CH 2 -CO*COOH, is obtained in a 
similar way to phenyl-pyruvic acid, from «-benzoylamino-o-hydroxycinnamic 
acid, by the action of sodium hydroxide. Immediately it is produced it goes over 

yIlJCH2CO 

into its lactone, a-oxo-dihydro-coumarin, I , m.p. 152® (Erlen- 

^[2]0—CO 

meyer, Ann. 357, 289). 

The nitro-derivatives of phenyl-pyruvic acid are obtained by condensing ethyl 
oxalate with o- and n-nitrotoluenes by means of sodium hydroxide. o-Nitro- 
phenyl-pyruvic acid, N 02 [ 2 ]CeH 4 CH 8 COCOOH, m.p. 121®, on reduction gives 
first N-hydroxy-indole-, and then a-indole-carboxyhc acid, 
yNHv 

CeH 4 <^^^^C*COOH. p-Nitrophenyl-pyruvic acid, m.p. 194®. o,p-, and o,m- 


Meihyl-nitrophenyl-pyruvic acids, m.p. 145® and 193® (ReisserL Ber. 30, 1030; 
31, 387). p-Methoxy-o-nitrophenyl-pyruvic acid, m.p, 144-146® (with benzene 
of ciystallisation, m.p. 80®), is obtained from o-nitro-p-tolyl other (Kermack, J. 
119, 1602). 
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Benzyl-pyruvic acid, CeHsCHjCHjCOCOOH + 1V 2 H 2 O, m.p .47®, is obtained 
by a rearrangement of a-hydroxyphenyl-crotonic acid, or preferably of its amide, 
by means of sodium hydroxide. With hydrochloric acid, the isomeric benzoyl- 
propionjc acid is formed (p. 431). Benzyl-pyruvic acid is also obtained by the 
decomposition of benzyl-oxalo-acetic ester (p. 438) (Widicejtns Mar, 31, 3134). 
«,a-Dibromo- and diiodo-phenyl-butyric acids, C 6 H 6 CH 2 CH 2 CX 2 COOH, m.p. 
134° and 14.5°, are obtaiiuid from the semi-carbazone of benzyl-pyruvic acid by 
the action of hypobromite and hypoiodite, respectively {Jiougault^ C.r. 163, 481). 

Phenyl-ketene-carboxylic methyl ester, QiHsCC: CO) GOOCHj, a bright-yellow 
oil, b.p. 81-82° (0.25 nim.), has been prepared by Slaudinger (Ber. 50, 1024) 
from phenyl-malonic dimethyl ester, by heating it in a sealed tube at 200°. 

(6) Phenyl Paraffin ff-Keto-carboxylic Acids 

Formation. —(i) Esters of benzoic acid condense with aliphatic 
esters in the presence of sodium ethoxide, with loss of alcohol. The 
process is similar to that involved in the formation of acetoacetic ester. 
Acetophenone, too, will condense with ethyl carbonate under similar 
conditions. (2) By means of aryl chlorides, such as benzyl chloride, 
aryl residues can be introduced into acetoacetic ester (see benzyl- 
acetic ester, below). Other methods of formation are: (3) the action 

of benzaldehydes on diazoacetic ester (see benzoyl-acetic ester, below). 

(4) the action of benzene on the chlorides of malonic hydrogen esters 
in the presence of aluminium chloride {Marguery, Bull. [3], 33, 548); 

(5) by the action of benzoyl cliloride or bromide on magnesium-a- 
halogeno-aliphatic esters (ikfet/cr, Ann. 347, 71); {6) the hydration 
of phenyl-propiolic ester (p. 479). 

Reactions. —With hydroxylamine they give oxime anhydrides, lact- 
oximes, or isoxazolones; with hydrazine and phenylhydrazine, they 
give hydrazine anhydrides, lactazams, or pyrazolones. Their nitriles, 
the /S-ketocyanides, are obtained from co-bromo-acetophenones by the 
action of aqueous-alcoholic KCN, and the keto-thiocyanates are 
prepared in a similar manner. 

Benzoyl-acetic acid, C«H 6 CO CH 2 COOH, melts at 103°, de¬ 
composing into carbon dioxide and acetophenone. It decomposes 
in the same way when boiled with dilute acids. It is obtained from 
its ethyl ester by hydrolysis with caustic potash at the ordinary tem¬ 
perature. It gives a violet-red coloration with ferric chloride. 

Ethyl benzoyl-acetate, CoHj* CO 011200002116 , b.p. 148° (11 
mm.). Formation: (I) It was first obtained by Weltner (Ber. 17, 
66 ) from ethyl phenyl-pi’opiolate, by dissolving the latter in sulphuric 
acid and diluting with water. {2) Sulphuric acid is allowed to act on 
a-bromo-cinnamic ester {Michael^ Ber. 19, 1392). {3) The best 

methods of preparation are the condensation of ethyl benzoate and 
ethyl acetate by means of dry sodium ethoxide or sodium {Claisen, 
Ber. 20, 653, 2179; Wahl^ Bull, 13, 265), and (4) the action of am¬ 
monia on C-benzoyl-acetoacetic ester (p, 434) obtained by the action 
of benzoyl chloride on sodio-acetoacetic ester {ClaiseUy Ann. 291, 70). 
(5) Small quantities are formed when acetophenone and ethyl carbon¬ 
ate are treated with sodium ethoxide; {6) by the action of diazoacetic 
ester on benzaldehyde {Buchner^ Ber. 18 , 2373); (7) by action on the 
chloride of hydrogen ethyl malonate with benzene and aluminium 
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chloride; and (8) by the action of benzoyl bromide on ethyl magne- 
sium-bromoacetate. 


a) 

(^) 

(3) 

(4) 
W 
( 6 ) 

(7) 

( 8 ) 



Ethyl benzoyl-acetate, like aliphatic jS-keto-esters (VoL T, p. 466), reacts both 
as a ketone and as an enol. By titration with an excess of bromine and /S-naph- 
thol, the methyl ester has been found to contain 16.7% and the ethyl ester 29.2% 
of the enol form. On cooling the methyl ester a crystalline mass separates, con¬ 
taining about 90% of the enol form. It melts between 30 end 40® {Meyer, Bor. 
44, 2729 ; 53, 1410; c/. Auwers, Ann. 426, 161). 

Ethyl bonzoyl-arotato is volatile in steam without decomposition {Bernhard, 
Ann. 282, 165). Its smell resembles that of acetoacetic ester. It gives the fol¬ 
lowing reactions: {!) an addition product of aldehyde-ammonia type is formed 
with ammonia, but with amines, imides are formed, water being eliminated, 
e,g,y /3-methylimino-hydrocinnamic ester, C 6 rT 5 C(:NCH 8 )CH 2 COOC 2 H 6 , with 
methylamine {Goldschmidt, Ber. 29, 105) ; {2) with hydrazine it gives 3-phenyl- 
pyrazolone; (5) with phenyl-hydrazine it gives diphenyl-pyrazolone and a com¬ 
pound. C2 iHi80N4 {Kuhling, Ber. 43, 3399); (4) with hydroxylamine, it gives 
phenyl-isoxazolone; {5) with urea, it gives phenyluracil; {6) with guanidine it 
gives iminophenyl-uracil; (7) with nitrous scid, it gives the oxime; (6f) with 
benzene diazonium chloride it gives tlie phenylhydrazone of benzoyl-glyoxylic 
ester (p. 433); {9) with phosphorus pentachloride it gives /3-chlorocinnamic chlo¬ 
ride; {10) with dilute sulphuric acid on boiling, acetophenone is formed. Its 
sodio-compound reacts with iodine giving dibenzoyl-succinic ester, and with 
alkyl halides, homologous benzoyl-acetic esters {Hope, J, 95, 2042) ; the hydro¬ 
gen atoms of the CIi 2 group can also be replaced one by one by acid radicals. 
With orthoformic ester, j8-cthoxy-cinnamic ester (p. 484) is formed. The 
dimethyl-acetal of benzoyl acetic ester. C«H 5 C(OCH 8 ) 2 CH 2 COOCHa, m.p. 147® 
(16 mm.), is obtained from methyl pnenyl-propiolate by the action of sodium 
methylate in alcohol at 125®. The diethyl ace/ai boils at 153® (13 mm.) {Moureu, 
C.r. 137, 259; 138.206). 

Amide, m.p. 112® {Obregia, Ann. 266, 332). Anilide, m.p. 107® {Knorr, Ann. 
245, 374). The acyl derivatives of the amide react as normal amides of the 
formula C 6 H 6 COCH 2 CO • NHCOR, and as imines of the formula C«H 6 COCH 2 C- 
(NH)0*C01l, a fact indicated by reactions involving ring-closure {Knust, Ber. 
50 663). 

Benzoyl-acetonitrile, <a-cyano-acetophenone, C®H 6 *CO*CH 2 CN, m.p. 80®, is 
obtained by boiling benzoyl-cvano-acetic ester (p. 437) with water. It can also 
be obtained by acting upon sodio-hydroxymethylene-acetophenone with hydroj^l- 
amine hydrochloride and sodium hydroxide (Claisen, Ber. 24, 133), by the action 
of hydrochloric acid on iminobcnzoyl-acetonitrile, or iminobenzoyl-methyl 
cyanide, and from phcnyl-isoxazole by rearrangement under the action of alkali. 

Iminobenzoyl-methyl cyanide, C 6 H 6 -C(:NH)CH 2 CN, m.p. 86®, is obtained 
by the action of sodium on a solution of benzonitrile and acetonitrile in dry ether 
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(Hollzwart, J. pr. 39 , 230) . With Iwdroxylaminc hydrochloride it gives phenyl- 
imidodsoxazolone, O-NtCCCoHs)‘CHaCCNH), m.p. Ill®, the imino-group 
being replaced by the oximino-group and the latter attaching itself to the cyano- 
group (Bums, J. pr. 58, 129), For o-, m-, andp-methoxy-benzoylacetic esters 
and their condensation to pyrazolones see Wahlf Bull. 11, 61. 3,4,5-Trimethoxy- 
benzoylacetic ester is obtained from trimethylgallic ester, ethyl acetate and 
sodium methylate. With sulphuric acid it undergoes ketolysis to trimethyl- 
gallacetophenone (p. 352) (Mauthner, J. pr. 112, 270). 

o-Chlorobenzoylacetic ester cannot be distilled in vacuo without decomposition. 
p-Chlorobenzoylacetic ester, m.p. 38®. These compounds arc obtained from 
sodio-acetoacetic ester and o- and p-chlorobenzoyl chlorides (Thorp^ Am. 37, 
1258). 

p-Nitrobenzoylacetic acid is obtained from nitrophenyl-propiolic ester (Perkin, 
Ber. 17, 326) by the action of sulphuric acid. It melts at 135® with decomposi¬ 
tion into carbon dioxide and p-nitro-acetophenonc. The ester of o-nitrophenyl- 
propiolic acid readily chafes into the isomeric isatogenic ester. The nitro- 
benzoylacetic esters, o-, a liquid, m-, m.p. 79®, and p-, m.p. 75®, are best prepared 
by the decomposition of o-, m-, and p-nitrobenzoyl-acetoacetic esters (Bulow, 
Bor. 35 , 931; Needham, J. 85 , 148). 

a-Methyl-benzoylacetic ester, b.p. 226® (225 mm.), gives a-isonitroso-propio- 
phonono with nitrous acid (Pechmann, Ber. 21, 2119). a-Ethyl- and diethyl- 
benzoylacetic esters, b.p. 210® (90 mm.) and 223® (150 mm.). Allyl-benzoyl- 
acetic ester, b.p. 220® (100 mm.). Benzoyl-cyclopropane-carboxylic acid, 
/ /CH2\ 

CJiaCOCl < I jCOOH, m.p. 148®, decomposes at a higher temperature into 
\^CH2/ 

carbon dioxide and benzoyl-cyclopropane (Baeyer, Perkin, Ber. 16 , 2128, 2136). 

a-Phenyl-acetoacetic ester, C 6 H 5 CH(COCH 8 )COOC 2 H 6 , b.p. 146® (11 mm.), 
is obtained by the action of sodium ethylate on its nitrile, C 6 H 5 Cn(COCH.n)CN, 
m.p. 90®, the condensation product of benzyl cyanide and acetic ester (Beckh, 
Ber. 31, 3160). Propionyl-phenylacetic-ester, C 6 H 6 CH(COCH 2 CH 8 )COOC 2 H 5 , 
b.p. 155® (18 mm.), and Mopionyl-benzyl cyanide, m.p. 70®, are prepared in a 
similar manner (Dimroth^Ber. 36, 2242). 

rt-2,5-Dinitrophenyl-, and 2,4.6-trinitrophenyl-acetoacetic esters, m.p. 94® 
and 98®, are obtained from 2,5-ainitro-bromo-benzene and from 2,4,6-trinitro- 
chlorobenzene, respectively, by the action of sodio-acetoacetic ester (Jackson, 
Ber. 22 , 990; Heckmann, Ann. 220 , 131; Dittrich, Ber. 23 , 2720). 

yCOOCiHs 

Benzyl-acetoacetic ester, C«H 6 CH 2 *CH<f , b.p. 276®, is obtained by 

^COCHs 

the action of benzyl chloride on sodio-acetoacetic ester (Conrad, Ann. 204 , 179), 
and gives benzyl-acetone (Ceresole, Ber. 15 , 1875) on ketonic hydrolysis, and 
)8-phenyl-propionic acid on acid hydrolysis. For its clcctrolvtic reduction, see 
Tafel, Ber. 40 , 3312). o-Nitrobenzyl-acetoacetic ester, b.p. about 180® (1mm.), 
is a brownish-yellow oil, obtained by the action of o-nitrobcnzyl chloride on sodio- 
acetoacetic ester (Gabriel, Ber. 56 , 1024). 

(c) 7 - and d-Keto-carboxylic Acids 

i9-Benzoyl-propionic acid, CaHs*CO*0112011200011^ m.p. 116®, is obtained: 
(I) by the condensation of benzene and succinic anhydride by means of aluminum 
chloride (Claus, Ber. 20 , 1376: Limpricht, Ann. 312 , 110) ; (2) by the condensa¬ 
tion of benzaldehyde with maleic or fumaric acid by means of piperidine at 150- 
160® (Mayrhofer, Mo. 24 , 80); (3) by the reduction of /?-benzoyl-acrylic acid 
(p. 487 ); (4) from benzoyl-isosuccinic acid (p. 437) by loss of carbon dioxide; 
(5) from phenacyl-benzoyl-acetic ester by acid hydrolysis; and (6|) from the addi¬ 
tion product of hydrocyanic acid and cinnamic aldehyde by boiling with dilute 
hydrochloric acid; on careful hydrolysis in the cold phenyl-hydroxycrotonic acid 
is the first product, and this rearranges when boiled with hydrochloric acid or alkali 
(Bougault, C.r. 157 , 403; Fitiig, Ber. 29 , 2582; Ann. 299 , 23): 

C«HbCII:CH*CH(OH)CN -> C6H6Cn:CH*CH(OH)COOH-> 


CeH»CO • CHa • CH,COOH. 
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( 7 ) Benzoyl-propionic acid is also obtained by a rearrangement of 7 -phenyl-a- 
hydroxybutyrolactone (p. 421) (Erlenmeyer, Ber. 36, 2529); and (8) from sodio- 
acetophenone and iodoacetic ester {Haller, C.r. 153, 145). 


Benzoyl-propionic acid gives phenyl-A*-crotonolactone, CeHsiS: CH • CILCoi), 
m.p. 91®, by loss of water. The isomeric phenyl -Ai,-crotonolactone, CeHs-- 


tHCH:CHC06, an oil, obtained from the dibromido of cinnamic aldehyde 
cyanhydrin very readily passes into the A^-lactone. Both are converted into 
benzoyl-propionic acid by hydrochloric acid, but behave differently toward per¬ 
manganate, with which the A^-lactone gives phenyl-trihydroxy-butyrolactone 
(p. 421), while the AMactone forms a dilactone, two molecules combining with 
each other (Thiele, Ann. 310, 196). jrf-Beiizoyi-propionic acid condenses with 
aldehydes, the a- or / 3 -CH 2 group being attacked, a(;cording to the conditions. 
With acidic condensing agents the first, and with alkaline reagents the second 
reaction occurs. With phthalic anhydride it condenses to form 1-phthalidene-il- 
CeHi • C: CHC-=C • C«H4 

phenyl-crotonolactone, I lilt m.p. 263-264° {Borfiche, Ber. 

O-CO O CO 


47 1108; 48,966). 

When reduced, /3-benzoyl-propionic acid is converted into 7 -phenyl-butyrolac- 
tone, and it reacts with phosphorus pentasulphide to give phenyl-hydroxy-thio- 
phen (Paal, Ber. 19, 553). Cf. laevulinic acid, Vol. I, p. 477. It gives two iso¬ 
meric oximes, m.p. 129° and 92° {Dollfvs, Ber. 25, 1932). 

a-Methyl-jS-benzoyl-propionic acid, C 6 H 6 COCH 2 CH(CH 8 )COOH, m.p. 136°, 
is obtained by condensing benzene with pyruvic anhydride by means of aluminiuin 
chloride. 7 -Benzoyl-butyric acid, CeH 6 COCH 2 CH 2 CH 2 COOH, m.p. 126°, is ob¬ 
tained from benz(?ne and glutary I chloride in the presence of aluminium chloride, 
and by the ketonii; hydrolysis of a-benzoyl-glutaric ester (p. 437) {FicMer, Ber. 
31, 2001). 

yCOOH 

a-Phenyl-laevulinic acid, C«H* • CH<; , m .p. 126 °, is obtained from 

\CH2COCH, 


phenyl-aceto-succinic acid {WeltJier, Ber. 17, 72; 18, 790). / 8 -Benzyl-laevulinic 
.CH 2 COOH 

acid, CoHs-CHa-CH^ , m.p. 98°, is obtained from ^-benzylidene- 

^COCH, 

laevulic acid {Erdmann, Ann. 254, 202 ); see benzylidene-angclic-lactone, p. 488. 

yCHsCOOH 

i 8 -Phenyl- 7 -acetyl-butyric acid, CeHsCIK; , m.p. 83°, is obtained by 

\CH2COCH3 

the action of acids or alkalis on phenyl-dihydroresorcinol {Vorldnder, Ann. 294, 
332). When its ester is condensed with sodium ethylate, phenyl-dihydroresorci¬ 
nol is regenerated. 

7 -Ani 8 yl- 7 -ketobutyric acid, m.p. 146°, is obtained from anisole and succinic 
anhydride in the presence of aluminium chloride. Free hydroxyphenyl- 7 -ketoiiic 
acids are obtained from /3-(hydroxybenzoyl-)«-ethyl chlorides, HO-Ar-CO-- 
CH2CH2CI, by the action of potassium cyanide, followed by hydrolysis (Arch. 
Pharm. 272, 313). 

Phenyl-5- and higher ketonic acids are obtained by condensing benzene with 
the ester chloride of dihydric acids, the chloride of adipic ester, 5-Benzoyl- 
valeric acid, C 6 H 5 C 0 (CH 2 ) 4 C 00 H, m.p. 71°; semicarhazone, m.p. 183°; ethyl 
ester, b.p. 164° (3 mm.) {Grateau, C.r. 191, 947; Ger. Pat. 521,458). 


9. Phenyl-alcohol Ketonic Carboxylic Acids 

C-Benzoyl-glycolic acid, C«H6CO-CH(OH)COOH, m.p. 125° {Baeyer, Perkin, 
Ber. 16, 2133). 

a-Acyl-phenyl-glycolic esters, such as methyl p-tolyl-acetyl-glycolate, CH, - 
C 8 H 4 C(OH)COCH|*COOCHi, b.p. 190° (15 mm.), and methyl p-dimethyl- 
aminophenyl-acetyl-gjycolate, (CH,) 2 NCeH 4 C(OH)(COCH,)COOCH,, m.p. 81°, 
etc., are obtained by the condensation of aromatic hydrocarbons and anilines with 
a,/3-diketobutyrio ester. They are readily decomposed, giving aromatic aldehydes. 



BENZOYL-GLYOXYLIC ACID 


433 


Ethyl phenacetyl lactate, C^HsCHaCOCHsCHOHCOOC^aHs, b.p. 145*^ (6 mm.), is 
obtained from phenacetyl chloride and ethyl lactate by means of pyridine {Sabe^ 
lay, Bull. 47, 436). 

Acetoxyphenyl-pyruvic nitrile, CeH 6 CH(OCOCH 3 )-CO'CN, m.p, 62.5®, b.p. 
150® (10 mm.), is obtained by heating acetyl-mandelyl chloride with silver cyanide 

/OH 

{Amchiitz, Ann. 368, 77). An acid, CaH 3 CH(NHCja[ 3 )C^COOH , m.p. 

NNrCHCeHt 

194®, should be regarded as a derivative of phenvl-hydroxypyruvic acid; its nitrile 
has been obtained by condensing anilinophenyl-acetonitrile (p. 413) with benz« 
aldehyde and potassium cyanide (Miller^ Ber. 29, 1732; 31, 2701). 

7-Phenyl-7-keto-«-hydroxybut3^c acid, C 6 Hj-CO*CH.iCH(OH) -COOH, m.p. 
125®, is obtained from its trichloride, chloral-acetophenone, C 6 Hj-CO-CH 2 *- 
CH(OH) -CCla, m.p. 76® (Koenigs, Ber. 25, 795). 

When phenyl-acetoacetic ester and a-propionyl-phenyl-acetic ester (see above) 
are brominatcd, products are formed which are derivc'd from position isomeric 
phenyl-keto-hydroxy-butyric acids; viz., a-bromo-a-phenyl'-acetoacetic ester, 
Ar*CBr(C 6 H 6 )COOC 2 H 6 , and cx-propionyl>phenyl-bromacetic ester, CH 8 CH 3 - 
COCBr(C«H 5 )COOC 2 H 5 , v-bromo-a-phenyl-acetoacetic ester, CH 2 BrCOCH- 
(C«H 6 )C 00 C 2 H 5 , and a'-bromopropionyl-phenylacetic ester, CHsCHBrCOCH- 
(C«H 6 )C 00 C 2 H 6 . The two first named compounds, on distillation with steam, 
break down into carbon monoxide, hydrogen, bromide, and ethyl atropate ana 
ethyl /3-methylatropate, n 3 .spGctively. The third and fourth, on heating with 

water, give the lactones, a-phenyl-tetronic acid, CH 2 • C(OH): C(C 6 H 6 )Coi, m.p. 

254®, and a-phenyl- 7 -methyl-tetronic acid, CH 3 *(Sh C(OH) :C(CeH 5 )C^, 
m.p. 178® (Dimrolh, B(»r. 39, 3929). 7 -Phenyl-tetronic acid, CeH^- 

6HC(0H):CHC0i. m.p. 128®, is obtained from the reaction product of 
acetyl-mandelyl chloriae and sodio-malonic ester by hydrolysis and loss of carbon 
dioxide (Anschutz, Ann, 368, 65). 


10. Diketo-carboxylic Acids 


Benzoyl-glyoxylic acid, CeHsCO • CO • COOH. Methyl ester -f- 1 H 2 O, m,p. 65®; 
isobuiyl ester hydrate, m.p. 62-63®. Its ethyl ester is an orange-yellow oil, b.p. 
150-153® obtained by passing nitrogen trioxide into a mixture of benzoyl-acetic 
ester (p. 429) and acetic anhydride. It readily eombines with water and alco¬ 
hols, forming colourless hydrates and alcoholates (Wahl, Bull. 1, 461; 13, 332). 
With «-phenylene diamine, the aroyl-glyoxyl esters form quinoxalines, and with 
phenyl hydrazine, pyrazolone derivatives. The «-oxime and cr-phony Ihydrazone 
of the ethyl ester have been obtained from benzoyl-acetic ester by th(3 action of 
nitrous acid (Baeyer, Ber. 16, 2133) and diazonium chloride (Ber. 21, 2120). 
Ethyl benzoyl-isonitrosoacetate, CeH 6 *CO*C(:NOH)COOC 2 ll 6 , m.p. 121®, and 
ethyl benzoyl-a-phenylhydrazone glyoxylate, CeHs-CO-CfiN-NHCJlB)- 
COOC 2 H 5 , m.p. 65®. When benzoyl-isonitrosoacetic ester is reduced, benzoyl- 
aminoacetic ester is formed, and when this is diazotised, benzoyl-acetic ester 
CftHfiCOv 

diazo-anhydride, I J/N, is formed (Wolff, Ber. 36, 3612). Methyl 

COORCN^ 


anisoyl-glyozylate, b.p. 185-192® (10 mm.), is obtained from anisoyl-acctic ester 
by the action of oxides of nitrogen (Wahl, U.r. 155, 49). 

Quinisatinic acid, o-aminohenzoyl-glyoxylic acid, NH 2 l 2 ]C«H 4 CO*CO-COOH. 
is (mtained by oxidising /?, 7 -dihydroxy-carboRtyril with ferric chloride. Heated 

/UlCOCO 

to 120® it gives a lactam, quinisatin, I , m.p. 255-260® (Baeyer, 

\l2lNHCO 


Ber. 17, 985). 

Benzoyl-pyruvic acid, CoHfi CO CHj CO COOH, or CeHjCO CHrCCOH)- 
COOH (Murnm, Ber. 43, 3335), m.p. 157°, is prepar^ from its ethyl ester, m.p. 
43°, which is the condensation product of acetophenone and oxalic acid (Broninie, 
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Ber. 21 , 1131). This ester is also obtained from sodio-hjrdroxyacetophenone by 
the following method: a-Phenyl-isoxazole is treated with dimethyl sulphate. 
The reaction product is converted into benzoyl-pyruvic nitrile a-methylimide 
{Mumm, loc. cit,). Ferric chloride gives a blood-red colour with an alcoholic 
solution of the ester. For benzoyl-p 3 mivic chloralide, see Schiff^ Ber. 31, 1306. 
For ring-substituted esters of benzoyl-pyruvic acid, see Kostanedci, Ber. 34,2477; 
Bulow, Ber. 36, 2695. 

/COOC2H5 

Benzoyl-acetoacetic ester, CJHb • CO • CH<C , is obtained from benzoyl 

\C0CH, 

chloride and sodio-acetoacetic ester. It hydrolyses to benzoyl-acetone, or to 
ethyl benzoyl-acetate (p. 429). For o-, m-, and p-nitrobenzoyl-acetoacetic 
esters, sec Gevekoht, Ann. 221 , 323; Buhw, Ber. 35, 933. 

/COOH 

Acetophenone-acetoacetic acid, CsHft*CO*CH 2 CII< , melts between 

\COCH, 

130® and 140°, with decomposition into acetophenone and carbon dioxide. Its 
ethyl ester is obtained from «-bromo-acetophenone and sodio-acetoacetic ester 
(Pool, Ber. 16, 2866). It readily gives a furane derivative, like acetophenone- 
acetone. With alcoholic potash it gives 7 -phenyl-a-acetyl-crotonolactone 
(p.487). 

5-Phenacyl-laevulinic acid, CdHsCOCHjCHaCOCIIaCHaCOOH, m.p. 116°, is 
obtained by decomposition oi furfural-CLcetophenone, (C 4 H 30 )CH:CHC 00 C 6 nB. 
With ammonia it gives phenyl-pyrrolc-propionic acid (Kehrer^ Ber. 34, 1263). 


11 . Phenyl Paraffin Dicarboxylic Acids 

Like the aliphatic saturated dicarboxylic acids, the phenyl paraffin dicarboxylic 
acids (jan be classified as derivatives of malonic, ethylene-succinic acids, etc, 

PHENYL-MALONIC ACIDS. Phenyl-malonic acid, CeHs-011(000^)2, 
melts at 152° with loss of carbon dioxide, and formation of phcnylacetic acid. 
It is obtained from benzyl-magnesium chloride by the action of carbon dioxide, 
followed by a second treatment with an alkyl-magnesium halide and carbon di¬ 
oxide. The product decomposes into phenyl-malonic acid and an alkyl halide 
{Ivanov^ 0. 1931, I, 2046). Its ester, b.p. 171° (14 mm.), is obtained from 
phenyl-oxalacetic ester by loss of carbon monoxide {Wislicenm^ Ber. 27, 1091). 
Dinitrophenyl-malonic ester, (N02)2C6H3CH(COOC2 Hb) 2, m.p. 51°, is obtained 
from sodio-malonic ester and bromo-dinitro-benzene {Richter, Ber. 21, 2472; 
Jackson, Ber. 22, 1252; Am. Ch. J. 12, 307; 14, 331). 

Phenyl-cyanoacetic acid, CnHsCHfCN)-COOH, m.p. 92°. Its ethyl ester, 
b.p. 275°, is obtained by the action of s<.)dium and ethyl carbonate on benzyl cya¬ 
nide. Its amide, m.p. 147°, gives phenyl-malonic nitrile, C 6 H 6 CH(CN) 2 , m.p. 
69°, b.p. 153° (21 mm.), with phosphorus pentachloridc {Messier, Am. Ch. J. 32, 
119). 

2,4,6-Trinitrophenyl-malonic acid, (N02)8C6H2CH(C00H)2, m.p. 161°. Its 
ester exists in two modifications, m.p. 58° and 64° {Jackson, Ber. 18, 3066; Am. 
Ch. J. 18, 133; 21, 418). Di- and tri-nitrophenyl-malonic esters form salts of 
an intense red-brown colour, possibly of a quinoid structure {Hantzsch, Ber. 42, 
2126). Bromo-th 3 rmoquinone-malonic ester, m.p. 78°, C602Br(CHs)(C8H7)- 
CH(COOC 2 Hb) 2 . forms blue metallic salts {Hoffmann,'Ber, 3^, 1558). 

Benzyl-malonic acid, ^-phenyl-isosucdnic acid, Cells•CH 2 *CH(COOH) 2 , m.p. 
117°, is obtained from its ester, which is formed by the action of benzyl chloriae 
on sodio-malonic ester, or by the reduction of benzylidene-malonic acid (p. 488) 
{Claisen, Ann. 218, 139), or from benzyl-oxalacetic ester by loss of carbon 
monoxide (p. 438). 

0 - and p-Nitrobenzyl-malonic esters {Lellmann, Ber. 20, 434). The o-acid 
condenses to N-hydroxy-a-indole-carboxylic acid under the influence of sodium 
hydroxide {Reissert, Ber. 29, 639). Methylbenzyl-malonic acid {Conrad, Ann. 
204, 177). 

Ethyl a-phenyl-ethyl-malonate, C 6 H 5 (CH 8 )CH-CH(COOC 2 H 5 ) 2 , b.p. 230° 
(15 mm.), is obtained from benzylidene-malonic ester and methyl magnesium 
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iodide. The acid melts at 144^, with decomposition into /3>phenyl'butyric acid 
and carbon dioxide (Kohler, Am. Ch. J. 34, 132). 


CdHfiCHCOOH 

PHENYL-SUCCINIC ACID. Phenyl-sucbinic acid, | , m.p. 

CH 2 COOH 

167°, is obtained from «-chlorostyrcne, CeHsCHiCHCl, or from ethyl benzyl- 
idene-malonate, by the action of potassium cyanide (Bredt, Ann. 293, 338), from 
ethyl phenyl-aceto-succiiiate (p. 435), from plienyl-ethane-tricarboxylic acid (p. 
438), from Q:,6-diphenyl-laevulinic acid by decomposition, from ethyl cyano- 
phenylacrylatc with potassium cyanide, followed by hydrolysis (Baker, Lap- 
worth, J. 127, 660; Org. Synth. 8, 88), and Irom cinnamic acid by the action 
of potassium cyanide and hydrolysis (Higginbotham, J. 121, 49). There are two 
forms of the anhydride, m.p. 53° and 150° (Wegscheider, Mo. 24, 413; Dehn, 
Proc. 1906, 283). Chloride, h.p. 151° (12 mm.). Dimethyl ester, m.p. 68°, 
b.p. 161° (12 mm.). The acid has been resolved by means of its brucine salts: 
m.p. 173-174°, [a]D=*'173°; d-methyl ester, b.p. 161-162° (16 mm.); d-ethyl 
ester, b.p.166° (13 mm.) (Wren, J. 109, 572). 

Ester a(nds: By the partial esterification of phenyl-succinic acid, and also by 
the addition of methyl alcohol to its anhydride, cr-hydrogen-|8-methyl-phenyl- 
succinate, C6H6CH(COOH) •CH 2 COOCH 8 . m.p. 92°, and a-met hy 1-/3-hydrogen- 
phenylsuccinate, C 6 H 5 CH(COOCH 3 )CH 2 COOH, m.p. 103°, are formed simul¬ 
taneously, the product containing about 75% of the former. The a-methyl-jS- 
hydrogen acid is obtained in a pure state by the partial hydrolysis of the dimethyl 
ester, and the /3-methyl-a-hydrogen-acid by the hydrolysis of methyl-jS-phenyl- 
/3-(^yano-propionate, CeH6*CH(CN) * 01120000113 . m.p. 55°. The constitution 
of the two acids is proved by the reactions of the hydrogen ester chlorides obtained 
from them by the action of phosphorus pentachloride. With benzene and 
aluminium chloride, the one from the i3-mt^thyl-c»r-hydrogen-acid gives desyl- 
acetic ester (g.«.), while the other, obtaim'd from the a-mot hyl-jS-hydrogen acid 
gives phenyl-phenacylacet 1 C ester (q.v.) (u\nschutz,PiXin. 354, 117). 

Phenyl-succinic-zS-amide-a-acid, 06115011(00011) • OH 2 • CONH 2 , m.p. 145°, 
is obtained from its anhydride by adding on ammonia, and the isomeric phenyl- 
succinic-cK-amide-/3-acid, OeH 6 CH(CONH 2 ) *011200011, m.p. 150°, from /3- 
phenyl-i9-cyano-propionic acid (see above). o-Hydroxyphenyl-succinic acid, 
m.p. 150° (decomp,), is obtained by the action of potassium cyanide on coumarin 
(BredI, Ann. 293, 363). 2,4-Dimethoxyphenyl-succinic anhydride, rn.p. 147°, 
is obtained from maleic anhydride and resorcinol dimethyl ether with aluminium 
chloride (Rice, Am. 53, 3153). 

OeHftOHOOOH 


Phenyl-methyl-succinic acids, I , have been obtained in two 

OHj-CHOOOH 

forms, m.p. 170° and 192° (Zelinsky, Ber. 24, 1876). For other phenyl-alkyl- 
succinic acids, see Upson, Am. 44, 181. 

C 6 H 5 OH 2 OIIOOOH 


Benzyl-succinic acid. 


i 


H2OOOH’ 


m.p. 161°, is obtained from the 


reaction product of benzyl chloride and sodio-ethane-tri- or -tetra-carboxylic 
esters (Baeyer, Ber. 17, 449), or from phenyl-itaconic acid by reduction (Fittig, 
Ann. 256, 50). Anhydride, m.p. 102°. 

Phenyl-ethyl-succinic acid, C 6 H 6 CH 2 CH 2 CH(COOH)CH 2 COOH, m.p. 136°, 
is obtained by reduction of styryl-succinic acid (p. 490) and by the action of 
potassium cyanide on hydrocinnamal-malonic acid (p. 489). 

PHENYL-GLUTARIC ACIDS. «-Phenyl-glutaric acid, C6H6CH(COOH)- 
CH 2 CH 2 COOH, m.p. 83°. is obtained by the hydrolysis of either CsHsCH- 
(COOR)CH 2 CH(CH 3 CO)d;OOR or C 6 H 5 C(COOR) 2 CH 2 CH 2 COOR. It very 
readily forms its anhydride, m.p. 95° (Fichter, Ber. 34, 4175). 

/S-I^enyl-glutaric acid, C 6 H 6 CH(CH 2 COOH) 2 , m.p. 142°, is prepared from 
cinnamic or benzylidene-malonic ester and malonic ester by means of sodium 
ethylate. The primary condensation products, /3-phenyl-propane-a,a'-tri- and 
-tetra-carboxylic esters, are hydrolysed. On nitration, the acid giv^s a mixture 
of 0 -, ?w-- and p-nitrophenyl-gjutaric acids, m.p. 205°, 204°, and 240°, Theo- 
nitro-acia, when reduced with stannous cUoride and hydrochloric acid. 
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/(llCH(CHiCOOH)CH.2 

gives hydrocarbostyril- 7 -acetic acid, I , m.p. 183®. 

\[2]NH-CO 

Homologous and substituted |8-phqnyl-glutaric acids are readily obtained from 
the condensation productvS of substituted benzaldehydes with malonic ester and 
sodium ethylate (Meeruoein^ Ber. 40, 1586; Ann. 360, 344). jS-Phenyl-a- 
methyl-glutaric acid, m.p. 125®, is obtained fn)m the addition product of methyl¬ 
malonic- and bonzylidene-malonic esters. 


12. Phenyl-alcohol-dicarboxylic Acids 


Compounds of this class can bo prepared by the general method of condensing 
aromatic hydrocarbons, anilines, and phenols with mesoxalic ester or alloxan 
(Vol. I, pp. 617, 633), by means of concentrated sulphuric acid. On oxidation 
they r<»adily give the corresponding phenyl-glyoxylic acids and aromatic alde¬ 
hydes (p. 266) as degradation products (Guyot, C.r. 148, 719; 149, 788). 

Methyl phenyl-tartronate, C«HfiC(OH)(COOCn,) 2 , m.p. 67®, b.p. 165° (11 
mm.). Methyl p-tolyl-tartronate, m.p. 72®. Methyl p-methoxy- and p- 
dimethylamino-phenyl-tartronates, m.p. 118® and 115°. Ethyl trinitrophenyl- 
tartronate, (N02)3C6H2C(OH)(COOC2H6), m.p. 117°, is obtained from ethyl 
trinitrophenyl-malonato (see above) by oxidation with nitric acid (Jackson^ Am. 
Ch. J. 21, 418). 

Benzyl-tartronic acid, C 6 lIi>CH 2 C(OH)(COOH) 2 , m.p. 143° with decomposi¬ 
tion into /3-phenyl-lactic acid (p. 414) and carbon dioxide. It is obtained by the 
action of caustic potash on benzyl-chloromalonic ester, the reaction product of 
benzyl chloride and sodio-chlonimalonic ester (Conrad^ Ann. 209, 243). a- 
Anilino- and -phenylhydrazino-benzylmalonic and similar esters are formed as 
addition products when bases are added to benzylidene-malonic ester (Goldstein, 
Ber. 28, 1451; 29,813). 

jS-Methoxybenzyl-malonic acid, C 6 H 5 CH(OCH 8 ) •CH(COOH) 2 , melts at 115° 
with decomposition into methyl alcohol and benzylidene-malonic acid. It is 
obtained from the ester of the latter by the addition of sodium methylate (Lieher* 
rnann, Ber. 27, 289). 

a-Aminobenzyl-malonic acids, Ar*CH(NRR')CH(COOH) 2 , are obtained from 
aromatic aldehydes and malonic acid by the «ac‘tion of ammonia or primary or 
secondary amines. Most of them are unstable and apt to lose carbon dioxid<% 
phenyl-i3-amino-propionic acids being formed, or they lose the base and give 
cinnamic acids (Radionoiv, Am. 51, 841, 847). 

Dioxyindole-/3-carboxylie esters, 3-hydroxyindoIe-3-carboxvlic esters, 
yC(OH)COOR 

CeH 4 <; >CO , are obtained from alkyl mesoxalates (Vol. I, p. 617) by the 


action of primary or secondary aromatic amines (Martinet, Rev. mat. colorantes, 
23, 63; C. 1919, III, 710). 

PHENYL-MALIC ACIDS. a-Phenyl-a-hydroxysuccinic acid, 

C«H6C(0H)C00H 

i , m.p. 187®, is obtained from phenyl-succinic acid by the 
H 2 COOH 

action of bromine, phosphorus, and water. a-Phenyl-/3-hydrojnrsuccinic acid, 
CeHjCHCOOH 

i , m.p. 150-160®, is obtained from phenyl-formylacetic 
H(OH)-COOH 

ester, hydrocyanic acid, and hydrochloric acid (Alexander, Arm. 258, 67). 

OsHsOHz • CH • COOH 

Benzyl-hydroxysuccinic acid, I , m.p. 155®, is obtained 

OT(OH)-COOH 

from chloral and benzyl-malonic acid, the condensation product being hydrolysed 
with caustic potash (Doebner, Ber. 38, 2737). 

CeHsCHCH—COOH 

Phenyl-paraconic acid, ^ 109®, the lactone of 


phenyl-itamali(* acid, is obtained by heating boiizaldehyde with sodium succinate 
and acetic anhydride, and by the r^uction of phenyl’-bromo-paraconic acid, which 
is itself obtained from phenyl-itaconic acid (p. 490). The stereoisomeric iso- 
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phenyl-paraconic acid, m.p. 168®, is a by-product of the last reaction. With 
boiling alkali, phenyl-paraconic acid ^ives the salts of phenyl-itamalic acid. From 
their solutions phenyl-paraconic acid is precipitated. Both phenyl-paraconic 
and iso-phenyl-paraconic acids can be resolved by means of strychnine (Fitlig, 
Aiin.256,63; 330,292; Ber.33 1294; Xrawte, Ann. 321, 127). On distillation, 
phenyl-paraconic acid breaks down to carbon dioxide, phenyl-butyrolactone 
(p. 418). and styryl-acetic acid (p. 469), the last forming turther a-naphthol. 
With sodium or sodium ethylate, phenyl-paraconic ester gives phenyl-itaconic 
acid (p, 490). It is reduced by hydriodic acid to benzyl-succinic and phenyl- 
butyric acids {Shields, Ann. 288, 203). 

0 -, m-, and p-Chlorophenyl-paraconic acids are obtained by condensing the 
monochloro-benzaldehydes with sodium succinate. They give throe chloro- 
naphthols {Erdmann, Ann. 247, 366). 3,4-Dichlorophenyl-paraconic acid, m.p. 
138°, gives two dichloro-naphthols {Armstrong, Proc. 1895, 78). a- and js- 
Methyiphenyl-paraconic acids are obtained by condensing benzaldehyde and 
pyruvic acid, and give methyl-a-naphthols {Fitlig, Ann. 255, 267). 

Cells CH -CO 

a-Phenyl- 7 -valerolactone-carboxylic acid, I >0 , m.p. 167°, 

COOHCHCiH—CH, 

is obtained by the reduction of phenyl-acetosuccinic ester (p. 438) {Weltner, Ber. 
18, 791). 5-Phenyl-5-valerolactone-7-carboxylic acid, m.p. 161°, is obtained by 
the reduction of a-benzoyl-glutaric acid (see below); on distillation it gives /5- 
styryl-propiouic acid (p. 470). 

13. Phenyl-keto-dicarboxylic Acids 

Benzoyl-malonic ester, C«H 5 CO*CH • (COOC 2 H 6 ) 2 , is obtained by the action of 
benzoyl chloride on ethyl sodio-malonate, and o-nitrobenzoyl-malonic ester is 
obtained in a similar manner from o-nitrobenzoyl chloride. On reduction, the 
nitro-ester gives quinoline derivatives {Bischoff, Ber. 22, 386; Ann. 239, 92). 

< COOCHj 

, m.p. 74°, is obtained 
CN 

from methyl cyanacetate (Vol. I, p. 544) and benzoyl chloride. Its ethyl ester, 
m.p. 41°, obtained from ethyl benzoyl-acetate, gives cyano-acetophenone on 
boiling with water (p. 430). 

Ethyl phenacetyl-malonate, C 8 H 6 CH 2 *CO*CH(COOC 2 H 5 ) 2 , obtained from 
phenacctyl chloride and sodio-malonic ester, conden.ses under the influence of 
concentrated sulphuric acid to naphtho-resorcinol-carboxylic ester {q.v.) {Metz- 
ner Ann. 298, 374). Ethyl ca-benzoyl-isosuccinate, C 6 H 5 ’CO-CH 2 *CH- 

( 00002115 ), is obtained from w-bromo-acetophenone and sodio-malonic ester 
(Kues, Ber. 18, 3324). Ethyl a-benzoyl-glutarate, C^HsCOCIKCOOCsHs)- 
CTJ 2 CH 2 COOC 2 Hfi, b.p. 200-210° (12 mm.), is obtained from sodio-benzoylacetic 
and /3-iodo[)ropionic esters. 

/9-Benzoyl -glutaric acid, C 6 ll 6 COCH(CH 2 COOH) 2 , m.p. 122°, slowdy loses 
water when maintained at a high temperature, the dilactone, 


^CHaCOC 


, m.p. 137°, being formed. This dilartone is also ob- 


C«H6C—CH<^ , m.p. 137°, being formed. This dilartone is also ob- 

L ^GHaCOO 

tained synthetically from benzoic anhydride and sodium tricarballylate at 135- 
140°, carbon dioxide and w^ater being lost. It readily opens to form ^-benzoyl- 
glutaric acid. It is reduced by sodium amalgam to phenyl-butyrolactone-acetic 


acid, C 0 H 6 CH-CH(CH 2 COOH)CH 2 CO 6 , m.p. 114° {Fittig, Ann. 314, 58). 
C,H6CHC0.C00C2H5 


CeBjCHCOCOOCaHj 

Phenyl-oxalacetic ester, I , is obtained by condensing 

COOCaH* 

oxalic and phenylacetic esters writh sodium {Wislicenus Ber. 20, 592); see pheiwl- 
malonicacid, p. 434. Phenyl-cyano-pyruvic ester, C«H 5 -CH(CN)CO*COOC 2 H 5 , 
is obtained from ethyl oxalate and benzyl cyanide in the presence of sodium 
{Erlenmeyer, Ann. 271, 172); see phenyl-pyruvic acid, p. 428. 
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C^HsCHCOOR 

PhenyLacetosuccinic ester, I , is obtained from sodio-ace- 

CHaCOCHCOOR 

toacetic ester and phenyl-bromoacetic ester {Weltner, Ber. 17, 71), and benzyl- 

yCOOR 

acetosttccinic ester, yC<C , is obtained from sodio-acetosuc- 

CHaCQ/ \CH 2 COOR 

cinic ester and benzyl chloride ( Conrad, Ber. 11 ,1058). Benzyl-oxaloacetic ester, 
CeHjCHaCHCOOCaHs 

I , is an oil, obtained from oxalic and hydrocinnamic esters 

COCOOCaHa 

in the presence of sodium ethylate (Wisliceniis, Ber. 31, 654). 

14. Phenyl-hydroxy-keto-carboxylic Acids 

O—CO~CO 

Phenyl-keto-paraconic ester, I I , see Wislicenus, Ber. 

CaHaCH-CHCOOCaHa 

CO-O 

26, 2144. a -Benzoyl-5-chloro- 7 -valerolactone, I I 

CaHaCOCHCHa • CH • CH 2 CI 
in.p. 106®, obtained from sodio-bcnzoylacetic ester and epichlorhydrin, is decom¬ 
posed by the action of alkalis, partly into benzoic acid and 7 ,5-dihydroxyvaleric 
acid, and partly down to carbon dioxide and benzoyl-butane-diol, CaHa * CO • CH 2 * - 
CH 2 CH(0H) CHjOH, m.p. 91°. 

IS. Phenyl Paraffin Tricarboxylic Acids 

^ Phegg-wrt^g'l-succinic acid, phenyl-ethane-tricarboxylic acid, 

I . The ester of this acid is obtained from phenyl-chloroacctic 

CH(C00H)2 

ester and sodio-malonic ester (SpiegeL Ann. 219, 31). The acid is decomposed 
on heating into carbon dioxide and phenyl-succinic acid {Alexander^ Ann. 259, 
67). 

Ethyl a,^-dicyano-/3-phenyl-propionate, CeHaCHCCN) CHCCN) •COOC 2 H 8 , 
m.p. 68 °, is obtained by the condensation of mandelonitrile with sodio-cyanacetic 
ester {Higson, J. 89, 1455). 

a-Phenvl-tricarballylic acid, CaHaCH(COOH) •CH(COOH)CH 2 COOH, m.p. 
110 °, is obtained by hydrolysing the reaction product of phenyl-itaconic ester (p. 
490) and potassium cyanide (Hecht, Mo. 24, 367). 

CaHaCHCHjCOOH 

Phenyl-butane-tricarboxylic acid, I , trans-iorm 

CH(C00H)CH2C00H 

4 -^/ 2 H 20 , m.p. 195°; cw, m.p. 179°, is obtained from the condensation product of 
cinnamic, sodio-cyanacetic, and broraoacetic esters by hydrolysis and loss of carbon 
dioxide. Both acids give one and the same anhydride-acid, m.p. 135° {Thorpe, 
J. 75, 904). The same structure has been assigned to a tricarboxylic acid, m.p. 
200 ° (decomp.), which is obtained from the addition product of succinic and cin¬ 
namic esters. Its properties, however, are quite different (Stobbe^ Ann. 315,219). 

OeH^C/H • CH2CJOOH 

/S-Phenyl-pimelic-i^i-acetic acid, I , m.p. 142°, is ob- 

CHjCHCCHjCOOH)* 

tained by condensing cinnamic aldehyde with three molecules of sodio-malonic 
ester and hydrolysing the product with concentrated hydrobromic acid {Meerweinf 
Ann. 360, 337). 


16. Phenyl-keto-tricarboxylic Acids 

a- and ^-Benzoyl-tricarballylic acidfk C«H»COCH(COOH)CH(COOH)- 
CHjCOOH, and Cdl6COC(COOH) (CHjCOOH),. The ester of the former is 
obtained from chloro-eucdnic and bensoyl-acetio esters, and that of the latter 
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from benzoyl-succinic and bromoacetic esters using sodium ethylate as condensing 
agent {Emery, J. pr. 53, 312). 

17. Phenyl-polyketo-polycarboxylic acids 

When benzaldehyde or its substitution products condense with acetoacetic 
esters and similar substances in the presence of aliphatic aminos, polyketo^ 
polycarhoxylic adds of the aromatic series are formed. A number of these show 
interesting isomerism and are capable of further condensation. How far, how¬ 
ever, those compounds can still be supposed to contain open aliphatic chains, or 
how far they should be regarded as cyclic keto-hydroxy-carboxylic acids of the 
hydroaromatic series is an open question (Robe, Ann. 323, 83; 332, 22). 

Benzylidene 6t5-acetoacetic ester, C^ 6 CH(CH(COCH 8 )COOC 2 H 6 ] 2 (?), is ob¬ 
tained by condensing benzaldehyde with two molecules of acetoacetic ester, or by 
condensing benzylidene-acetoacetic ester with one molecule of acetoacetic ester, 
using piperidine as condensing agent. It exists in three sten'oisomeric forms, 
m.p. 150*^, ^2 m.p. 154®, and /3a m.p. 108®, which can be converted, by means 
of their sodium salts, into the corresponding keto-enol forms: ai m.p. 61®, aa. 
a liquid, and act m.p. 65-67®. It condenses very readily with loss of water ana 
formation of a cyclohexenone derivative {Rahe, Ann. 313, 129). 


APPENDIX 

From the phenyl-polyalcohols and their oxidation products, a number of com¬ 
pounds are derived which contain, in addition to an aliphatic side-chain, one or 
more groups, usually carboxyl groups, attached to ^he benzene ring. The ma¬ 
jority of these compounds are benzene o-derivatives, e.g,^ o-phenylene-derivatives. 
Some have been prepared starting with phthalic acid, and other.s are oxidation 
products of derivatives of o-condensed hydrocarbons, such as indene and naphtha¬ 
lene. A number of these compounds will be referred to here; some of them, re¬ 
lated to the dicarboxylic acids, have been dealt with in a preceding section (p. 
393). In this latter group, one carboxyl group is attached to the ring and the 
other is in the side-chain. 


18. Phenylene-hydroxy-dicarboxylic Acids 

n-Carboxy-mandelic acid, COOH[2]C5H4CH(OH)COOH, readily loses water 
with the formation of a lactone-carboxylic acid, viz,, phthalide-carboxylic acid, 
/CH—COOH 

C 6 H 4 <^ , m.p. 151®, which decomposes at 180® to phthalide and car¬ 

bon dioxide. It is obtained from o-carboxyphenyl-glyoxylic acid by reduction 
{Scherks, Ber. 18, 382; Graebe, Ber. 31, 373). It can also be obtained from 
co-dibromo-acetophenone-o-carboxylic acid, HOOCC 6 H 4 COCHBr 2 , ,m.p. 132®, 
by boiling with water {Gabriel, Ber. 40. 71); from tetrachloro-hydrindone by the 
action of alkali; from o-phthalaldehydic acid by the action of potassium cyanide 
{Seekles, Rec. 43, 329); and from homophthalic anhydride by oxidation with 
permanganate {Stevens, J. 1928, 2827). Substituted phthalide-carboxylic acids, 
such as 5-methoxy-, 3,5-dimethoxy-, and 3,4,5-trimethoxy-phthalide-carboxylic 
acids have been obtained from substituted benzoic esters and chloral hydrate, 
with sulphuric acid as conden.sing agent; trichloromethyl-phthalides are formed, 
and these are decomposed by means of alkali {Alimchandmii, J. 117, 964; Fritsch, 
Ann. 296, 344). 

,CH—CHjCOCH, 

Acetonyl-phthalide, CeH 4 ^ >0 , m.p. 68®, is obtained from acetone 

yCn—CHaCOOH 

and phthalaldehydoic acid. Phthalide -acetic acid, CaH. 




m.p. 


150®, is obtained from phthalyl-acetic acid (p. 491) by qqq^» 

1558, 2200). Meconine-acetic acid, (CHbO)j[5,61C6Hj^ ^ ^ , 

m.p. 165-167®, is obtained from opianic and malonic acids, acetic acid and sodium 
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acetate, or ammonia, being used as condensing agents (Ldehertruinn, Ber. 19, 
2295). 

/[llCHiCHCOOH 

Dihydro-isocottmarin-carboxylic acid, CeH 4 < yO , m.p. 163®, 

\[21CO 

is isomeric with phthalide-acetic acid. It is formed in the oxidation of dihydro- 
naphthol with pt^rmanganate {Bamberger, Ber. 26, 1841). 

AW Cri—CH 2 CH 2 COOH 

Phthalide-propionic acid, CbH 4 <; >0 , m.p. 140®, is ob- 

\[21CO 

tained in the reduction of phthalyl-propionic acid (Cohriel, Ber. 11, 1681). 

/ll]CH^C00H)0 

o>Phenylene>acetic-glycol-lactonic acid, C 6 H 4 < I + l^A 

\(21CH2-CO 

HjO, m.p. 85®, is obtained from phenylene-diacctic acid by the action of bro¬ 
mine, phosphorus, and water {Schad, Ber. 26, 223). 

.[1]CH(0H)CHC0011 

o-Carboiyphenyl-glycerolic lactonic acid, C6H4< I , m.p. 

\[2]CO-0 

202°, is obtained from -naphthoquinone by oxidation with sodium hypochlorite. 
When heated with hydrochloric acid, the lactonic acid loses water and forms o- 
carboxy-a-hydroxycinnamic lactone {Bamberger, Ber. 25, 892). 

19a. Phenylene-monoketo-dicarboxylic Acids 

o-Carboxyphcnyl-glyoxylic acid^ phthalonic acid, m.p. 144°, is an oxidation 
product of o-hydrindene-carboxylic acid, naphthalene, a-naphthol, /3-naphthol, 
and /3-phenyl-naphthalene-hydroxyquinoiie, when these substances are oxidised 
with permanganate (Graebe, Ber. 31, 369; Zincke, Ann. 240, 142). On reduction 
it gives o-carbox>;-mandelic (see above) and later, homophthalic acids (p. 393). 
When heated by itself it gives phthalic anhydride, phthalaldehydic acid, and bi- 
phthalyl. Its anhydride is obtained by the action of accitic anhydride, m.p., 186° 
{Kurodaj J. 1923, 2094). Whtm heated with sodium bisulphite, phthalalde¬ 
hydic acid is obtained. For its esters and hydrogen esters see C. 1904, I, 514. 

/[l]COCCU 

Trichloroacetyl-benzoic acid, C«H 4 <f , m .p. 144°, and tribromoacetyl- 

\f2]COOH 

benzoic acid, m.p. 160°, are obtained by the action of chlorine and bromine on 
phthalyl-acetic acid in glacial acotic acid {Gabriel, Ber. 10, 1556). 

.[llCOCHzCOOH 

o-Carbozybenzoyl-acetic acid, C 6 H 4 <; , m.p. 90° with de- 

\[2ICOOH 

compovsition into acetophenone-o-carboxylic acid (p. 382) and carbon dioxide, is 
obtained by dissolving phthalyl-acetic acid in an excess of cold caustic soda and 
precipitating with an acid {Gabriel, Ber. 10 , 1553). w-Cyanoacetophenone-o- 
carbozylic acid, m.p. 136° {Mailer, C.r. 116, 760). 

yCOOCiHft 

Benzoyl-cyanoacetic €Ster-o-carbo:^rlic acid, COOH [2] CeH 4 COCII<^ , 

^CN 

m.p, 121°, is obtained by the action of caustic soda on phthalyl-cyanoacetic ester. 
o-Carbo^benzoylpropionic acid, COOH[2]C5H4CO-CHJCH*COOH, m.p. 

137°. The corresponding dilactone, 6 • COC 6 H 4 (iH 2 CH 2 CO^, is obtained by 
beating succinic and phthalic anhydrides with sodium acetate {Gabriel, Ber. 11 , 
1680; Roser, Ber. 18, 3119), 


19b. Phenylene-diketo-dicarboxylic Acids 

The three phthalyl cyanides, CeH 4 (COCN) 2 , are obtained by a process similar 
to the Claisen synthesis of benzoyl cyanide; the three phthalyl chlorides and mer¬ 
curic cyanide are boiled in acetone or heatea in a sealed tube {Blackatock, Am. 34. 
1080). These cyanides are brown powders, soluble in alkalis, ammonia, ana 
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alcohol. At about 300®, they turn syrupy and decompose. They are hydrolysed 
v/ith difficulty. 

m-Xylylene-diacetoacetic ester, C6H4(l,3][CH2‘CH(COCHj)COORl2, is ob¬ 
tained from w-xylyleno bromide and sodio-acetoacetic ester {Ephraim^ Ber. 34, 
2790). 


20. tri* and tetra-Carboxylic Acids 

Benzyl-malono-o-carboxylic acid, o-^arboxyhemyl^malonic add^ 
,CH2CH(C00H)2 

CflH 4 <r , decomposes at 190® into hydrocinnamic-o-carboxylic 

^COOH 

acid and carbon dioxide. Its diethyl ester is obtained by reduction of phthalyl- 
malonic ester {Wislicenu8f Ann. 242, 27). 

5-Carbozy-homophthalic acid, COOH[5]C6H8[2]COOH[l]CH2COOH, m.p. 
220® (decomp.), is obtained from 5-mtro-homophtlialic acid through the 5-ami no- 
and 5-cyano-acids. Trimethyl ester, m.p. 95*^ {Borsche^ Ber. 67, 678). 

Tetraethyl o-, w-, and p-xylylene-diinalonates, C®H4[Cn2CH(COOC2H5)2]2, 
are the reduction nroducts of the three tetraethyl xylylene-dichloromalonates, 
C 6 H 4 [CH 2 CC 1 (C 00 C 2 H 6 ) 2 ] 2 , which, in their turn, are obtained from the «- 
xylyleno dibromides and sodio-chloromalonic ester {Kipping, Ber. 21, 31). 
When heated, the xylylene-dimalonic acids decompose into phenylene-dipropionic 
acids and carbon dioxide. 


21. Hydroxy-tri-, tetra-, and penta-Carboxylic Acids 

yCICHsCOOHJa 

Phthalyl-diacetic acid, C 6 H 4 <f \ , m.p. 158®, is obtained from 

^COO 

.C[CH(COOH),l2 

phthalyl-dimalonic acid, C»H 4 <" \ {Widicenns, Ann. 242, 80; 

^COO 

Scheiber, Ann. 389, 121). 

,CH—COOH 

Phthalide-tricarboxylic acid, (COOH) 2 CeH 2 <^ >0 , is obtained by the 

condensation of pyruvic and diacetyl-glyoxylic acid, (CH 3 COO) 2 CH*COOH, in 
the presence of alkalis, by a process similar to the formation of uvitic and alkyl- 
isophthalic acids (p. 391). It loses water simply on boiling in water, inc-phthal- 

idc-dicarboxylic acid, C 6 H 2 <r yO, being formed. This gives mellophanic 

acid on oxidation {Doehner, Ann. 311, 132). 


22. Keto-tricarboxylic Acids 


2.6-Dicarboxyphenyl-glyoiylic acid, rCOOH)2[2,6]C6H8CO -C'OOH, m.p. 238®, 
is oDtained by oxidation of naphthalic acid with permanganate {Grache, Ber. 26, 
1798). By reduction with hydriodic acid and phosphorus it is converted into 2- 
methyl-isophthalic acid (p. 391), and on heating it gives 2-aldehydo-isophthalic 
acid. Further oxidation gives hemimellitic acid. 

Iregenone-dicarboxylic and -tricarboxylic acids. 


Al ]C(CH8)2C00H . [1 1C(CH,)2C00H 

CH,[4]C«H,< and COOH[4]CeH,< 

\[2]CO-COOH \r 


421CO-COOH 


{Tiemann, Ber. 26, 2684). 


23. Diketo-tetracarboxylic Acids 

When octahydro-anthracene is oxidised with alkaline permanganate, two iso¬ 
meric diphthalonic acids, which have not yet been separated, are formed. On 
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further oxidation with acidified permanganate they give the two pyromellitic 
acids (p. 396). Their formulae are 


cooh/\cooh 


COOHO 




COCOOH 


COOHCOf^COOH 

and 

)hIs^CO- 


COOHk 


COOH 


(Braun, Ber. 57, 681). 


10. MONONUCLEAR AROMATIC COMPOUNDS 
WITH UNSATURATED SIDE-CHAINS 


So far vve have dealt with benzene derivatives containing saturated 
side-chains. In the following section, compounds with unsaturated 
side-chains will be dealt with. Examples of such compounds are: 


Phenyl-ethylene, styrene.. 
Cinnamyl alcohol (styrone) 

Cinnamic aldehyde. 

Cinnamic acid. 

Phenyl-acetylene. 

Phenyl-propargyl alcohol.. 
Phenyl-propargaldehyde.,. 
Phenyl-propiolic acid. 


CH6.CII:CH2. 

C6H6‘CH:CHCH20n. 

C*H6-CH:CHCH0. 

CeH5-CH:CHCOOH. 

CelL-CrCH. 

Cells-C: C *0112011. 
CeHs-CiC-CniO. 

CJle *0:0 *00011. 


Tike the unsaturated aliphatic compounds, they can readily be 
converted into saturated compounds by addition reactions of many 
types. Many such reactions have already been mentioned. 


la. Olefine-benzenes 


The best starting materials for the preparation of these compounds, 
in which the olefine double bond is vicinal to the benzene ring, are 
sec.- and tert.-phenyl-alkyl-carbinols. These are readily prepared 
from synthetic acyl-benzenes (p. 281) by reduction, or by the action 
of magnesium-alkyl iodides. The primary alcohols also readily give 
olefine-benzenes on treatment with potassium carbonate or caustic 
potash. 

The carbiiiols may be treated as follows: (1) they may bo acjted upon by hydro¬ 
gen chloride at 0°, when they are converted into chlorides. These lose hydrogen 
chloride when heated with pyridine (Klages, Ber. 35, 2245): 

CeHaCOCHa -> C<iH6CH(OH)CH3-> CelLCHClCHa-► CeH5CH:CH2. 

(2) Catalytic dehydration of tho carbinols at 290-300° in the presence of alumina 
gives the olefine-benzenes directly: 


CeHfi CHCOH) -CjHfi-> CiU.ClV.CU CUz. 


(3) When acidyl-benzenes or esters of benzene-carboxylic acids are combined with 
magnesium alkyl iodides, addition products are formed which decompose simply 
on heating with an excess of alkyl-niagnesium iodide, or on treatment with dilute 
sulphuric acid or ammonia, with the formation of olefine-benzenes (Klages, Ber. 
35, 2633, 3506): 


4 


AOHzh 

cai,c<f 

NJMgl 


♦ 



CJI»COCH, 
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{4) Benzene hydrocarbons with side><;hains containing at least two carbon atoms 
(ethyl, n-propyl-benzene, etc,) are catalytically dehydrogenated at 650-700® 
(Br. Pat. 351,310; cf. Br. Pat. 340,587 Fr. Pat. 693,876). 

A'-, A*-, and A*-01efine-benzenes are distinguished according to the position of 
the double bond with respect to the benzene ring. The A^-compounds differ from 
the A*- and A*-styrenes by having a higher density, a higher b.p., and an ab¬ 
normally high molecular refraction, and a lower heat of combustion. The former, 
but not the latter, are readily reduced to alkyl-benzenes by means of sodium ana 
alcohol (Klages, Bor. 36, 1628, 3584; 37, 2301; Auwers, Ber. 62, 693; Ann. 373, 
288).... 

On heating with alcoholic potash the A*-compounds rearrange into the isomeric 
A^-styrenes. This reaction appears to be reversible to a slight extent (Agejeva, 
C. 1905, II, 1017). 

Styrene, phenyUethylene, or vinyUbenzene, C 6 H 6 *CH:CH 2 , b.p. 
144®, density 0.925 gm. per c.c., occurs to the extent of 1-5% in 
storax, from which it is recovered by steam distillation. It also occurs 
in coal-tar, where it comes over with crude xylene (Kraeniery Ber. 23, 
3169, 3269), and in the oils which condense from carburetted water 
gas (U. S. Pat. 1,640,975). It is obtained: (7) from a-chloroethyl 
benzene on heating with pyridine at 130® (KlageSy Ber. 36, 1632), or 
from a-bromoethyl-benzene by the action of alcoholic potash; (S) from 
a-bromo-hydrocinnamic acid (p. 418), which, on heating with an 
aqueous solution of sodium carbonate decomposes smoothly into 
carbon dioxide, hydrobromic acid, and styrene; (3) from cinnamic 
acid, on heating with lime, or with water to 200®, or by pyrolysis of 
the vapour in a platinum tube at 150®; (4) from phenyl-acetylene by 
partial reduction with zinc and acetic acid, or sodium and methyl 
alcohol; (5) by the thermal condensation of acetylene, C 2 H 2 ; (6) from 
vinyl bromide or acetylene with benzene under the action of alumin¬ 
ium chloride (AnschiitZj Ann. 235, 331); (7) from the phenyl-ethyl 
alcohols by heating with potassium carbonate or caustic potash 
(Sabetay, Palfrayj Bull. 45, 69; C.r. 193, 941), or with p-toluene-sul- 
phonic acid {Vemimmenj Belg. 33, 96); (8) from ethyl-benzene by 
catalytic dehydrogenation. 

Styrene is a mobile liquid, with a high refractivity, and a pleasant 
smell. On standing, especially in sunlight, it polymerises to meta¬ 
styrene (CsHg)*, which behaves like a saturated compound towards 
permanganate, and reverts to styrene when distilled. Quinone and 
aromatic nitro-compounds inhibit polymerisation to a large extent. 
For the mechanism of the polymerisation, see Stobbe, Ann. 371, 259; 
409, 1. Polystyrene is largely used in the plastics industry. 

Reactions, —On heating styrene with sodium and alcohol, ethyl-benzene is 
produced. With hydrogen chloride or bromide, it gives a;-halogenoethyl-ben- 
zene (Schramm, Ber. 26, 1709). With chlorine or bromine, styrene gives 
dihalogeno-ethyl-benzene (p. 401). Styrene combines with diazomethane to give 
S^phenyUpyrazoline (Oliveri-Maridala, Gazz. 40, I, 117). It is oxidised by chro¬ 
mic or nitric acids to benzoic acid. With xylene and sulphuric acid, it forms 

g henyl-a-tolyl-propane, and with phenol, hydroxy-diphenyl-ethane (Koenigs, 
ter. 24, 3889). With nitrous acid, styrene-^-nitrosite, [C*H6CH(NO)CHi- 
(N02)]2, is formed; this compound isomcrises to «-nitraceto-phenoxime, CeHsC- 
(N 0 H)CH 2 N 02 , on boiling with alcohol, and with aniline and alkalis loses 
hyponitrous acia, and decomposes (Wieland, Ber. 36, 2658). Styrene adds on 
diphenyl-keten (g*v,) with the formation of 2,2^3-trip?ieriyl-cyclobxUanotie (Vol. 
II, p. 37) (Staudinger, Helv. 7,8). With aniline m the presence of aniline hydro¬ 
halides at 220-200® it reacts with the formation of N’‘(a-phenylethyl)aniline. 



444 


OLEFINE BENZENES 


CeHsNH'011(0118)06111. For addition products of styrene with hydrocarbons, 
see SpilkeTf Ber. 65, 1686. 

A, Styrenes Substituted in the Side^hain 

By replacement of hydrogen atoms in the vinyl residue, two series of monc)- 
substituted styrenes are obtained, which are distinguished as the a- and w-substi- 
tution products: 

a-bromo'Styrenc, OaHsOBriOHa; w-bromo-styrene OeHs-CHiCHBr. 

a-Halogeno-styrenes are formed when styrene dicliloride or dibromide is 
heated alone, or with lime, or with alcoholic potash. They have a pungent, 
lachrymatory smell, mainly due to the fact that they oxidise in air to w-halogeno* 
acetophenones with migration of the halogen (Dufraissc, C.r. 172 162). When 
heated with water to or with sulphuric .acid, they form acetophenone (Erlen.- 
nwyer, Ber. 14, 323). a-Chloro-styrene has been obtained from acetophenone- 
chloride (p. 283) by the action of alcoholic potash, and a-bromo-styrene has been 
obtained from phenyl-acetylene by the action of hydrogen bromide. 

cd-Chlorostyrene, b.p. 199®; «-hromo-styrene, «-form, m.p. 6-7®, /3-form, f.p. 
—8 to —7®; a-chlorostyrene, b.p. 190®; «-bromostyrene, b.p. 71® (7~8mm.); 
m.p. -43®. 

The a-form of w-bromostyrene, which havS a hyacinth-like smell, is prepared by 
warming dibromo-hydrocinliamic acid with aqueous sodium carbonate, and the 
jS-form, which has an empyreumatic odour, is obtained by the action of powdered 
.sodium hydroxide on bromo-benzj^lidene-acetophenone (Dufraisse, C.r. 171,960). 

(a-Halogeno-Htyrems are obtained, together with phenyl-acetaldehyde (p. 269) 
by heating j8-phenyl-a-halogeno-lactic acids, or better, by boiling the dihalides of 
cinnamic acid (p. 420) with aqueous sodium carbonate {BiltZy Ann. 296,206; AV/, 
Ann. 308, 267). w-Chloro-styrene is also o|)taincd from a?-dichloroethyl-beiizeue 
by the action of alcoholic potash, and «-bromo-styrene by reduction of tribrorno- 
methyl-phenyl-carbinol ac^etate. When heated with water they form phenyl- 
acetaldehyde. See also phenyl-acetylene (p. 446), and phenyl-propiolic acid 
(p.478). 

52/m-Dichloro-styrene, C«H6-CC1:CHC1, b.p. 221®, is obtained from phenacyl 
chloride (p. 404) or from w-chloro-acetophenone by the action of phosphorus 
pentachloride. When heated with ammonia it gives diphenyl-vyrazine (Kunckelly 
Ber. 33, 2664 ; 35, 2294). os-Dichloro-styrene, C 6 H 8 CH:CCl 2 , b.p. 225®, is 
among the products formed by the action of chloral on benzene in presence of 
aluminium chloride, and is obtained from phenyl-trichloroethane by the action of 
caustic potash, ana from trichloro-methyl-phenyl-carbinol acetate (p. 411) by 
reduction with zinc (Biltz, Ann. 296, 263). Trichlorostyrene, CeHsCCl: (SCh, 
b.p. 235®. Bibromo-styrene, b.p. 2^® (Kinnicut, Am. Chem. J. 5, 383; ATe/, 
Ann. 308, 273). Di-iodo-styrene, m.p. 76®, is obtained from phenyl-acetylene 
and iodine. Tri-iodo-st 3 rrene, CJIbChCh, m.p .108®, is obtained from phenyl- 
iodo-acetylene and iodine in carbon disulphide {Peraloner^ Gazz. 22, II, 65). 

o>-NitrO'Styrenes are usually formed by the condensation of benzaldehydos with 
nitromethane, sodium ethylate, aliphatic amines (Knoeven^igely Ber. 37, 4502), 
dry alcoholic potash, or ammoniiun acetate and acetic acid (Rao, Helv, 12 , 581), 
being used as condensing agents. In the first case, sodium salts of nitro-alcohols, 
C 6 H 6 CH(OH)CH:NOONa, are formed as intermeaiate products. Most of them 
readily lose water and form w-nitro-styrenes. The nitrostyrenes are reduced by 
aluminium amalgam, or zinc dust and acetic acid to aryl^‘acetaldoximeSy CeHi- 
CH 2 CH:N 0 H. By catal>[tic reduction with platinum black or palladium, 
nitrostyrene is converted into two isomeric a,5-dinitro-/5, 7 -diphenyl-butanes, 
m.i>. & 8 ® and 97-98® (Sonn, Ber. 50, 1513). For the direct reduction of 
ci)-nitrostyrenes to M-phenyl-ethylamines by hydrogen under pressure in the 
presence of colloidal platinum, see Skita, Ber. 65, 424. 

c6-Nitro8lyrene, CiHb'CHrCHNOj, m.p. 58®, yellow needles with a pungent 
smell, volatile with steam, is obtained by boiling styrene with fuming nitric acid; 
by condensing benzaldehyde with nitromethane {Thiele, Ber. 31,1293; Ann. 325, 
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7; Worrall, Org. Synth. 9, 66); by the action of fuming nitric acid on styiyl- 
acetic acid (Erarnann, Ber. 17, 413); or the action of nitrogen peroxide on 
cinnamic acid, when a di-nitrosite, C6H6*C2H2(N204) *COOH, is first formed, and 
then decomposed {Gabriel, Ber. 18, 2438; Sommer, Ber. 29, 357). It is decom¬ 
posed by dilute sulphuric acid into carbon monoxide, benzaldehyde, and hydroxyl- 
amine. It combines with sodium ethylate and methylate to form sodium salts: 
CeHeCHCOR)-CHiNOONa, from which carbon dioxide liberates phcnyUmeth-- 
oxy-and pketiyUethoxy^itiiro^eihane, pale-yellow oils, b.p. 136° and 137° (12 mm.) 
{Meisenheirner, Ber. 38, 466). />-Phenylene-6is-nitroethylene, C 6 ll 4 (CH:CH-- 
N02)2, is obtained from terephthalaldchyde (p. 374) by the action of nitromethane 
{Thiele, Ber. 32, 1295). For nitro-halogeno-styrenes\ s(^e Pfeiffer, Ber. 47, 1755, 

Phenyl-vinylamine, co-aminostyrene, CeHsCH:CHNHo, is very unstable. It is 
obtained from at-amino-cinnamic acid (p. 464) on heating {PLorhl, Ber. 17, 1622) 
and from w-nitrostyrene {Kornppa, Ber. 26, R 677). 

JB. Styrenes Substituted in the Benzene Nucleus 

p-Chlorostyrene, C1[41C6H4*CH:CH?, b.p. 33 -35° (0.4 mm.), and p-bromo- 
styrene, b.p. 88° (13 mm.) are obtained from the corresponding halogeno- 
cinnamic acids {Braun, Ber. 66, 1467). Oj ra-, and p-Nitrostyrenes, N02C6H4- 
CH:CH 2 , m.p. 13°, —5°, and 29°, are obtained from the nitrophenyl-bromolactic 
acids (p. 420) by the action of a cold aqueous solution of sodium carbonate, or 
from the /3-lactones of these acids by boiling with water {Enihorn, Ber. 16, 2213; 
Prnufirdfz, Ber. 17, 595). m-Amino-styrene, b.p. 112-115° (12 mm.), w/- 

Azostyrene, m.p. 38° {Konippa, Ber. 26, R 677). o-Amino-styrene, b.p. 97-- 
98° (8 mm.). p-Amino-styrene, rn.p. 23.5°, b.p. 98-100° (4 mm.), is obtained 
by the action of caustic potash on p-amino-pheiiyl-ethyl alcohol {Sahetay, Bull. 
45, 842). A polymeric p-amino-styrene, m.p. 81°, has been obtained by heating 
p-amino-cinnamic acid, and Is a by-product in the reduction of p-nitro-cinnamic 
acid {Bernthsen, Ber. 15, 1932). 

C, Styrenes Substituted Both in the Side^hain and the Nucleus 

o- and p-Nitro-acetophenones give o- and p-nitro-a-chloro-styrenes, NO-i*- 
C- 6 H 4 CCI: CH 2 , with phosphorus pentachloride. The o-compound is a liquid, and 
the p- has m.p. 63° {(hvekoht, Ann. 221, 329). o-Nitro-w-chloro-styrene, 
X02*CflH4*CH:CHCl, m.p. 58°, is obtained from o-nitro-cinnamic acid by the 
action of hypochlorous acid {Lipp, Ber. 17,1070). o-Amino-chloro-styrene, m.p. 
56°, gives indole with sodium ethylate at 170°. See also o-hydroxy-a>-chloro- 
styrene (p. 449). 0 -, m-, and p-w-Dinitro-styrenes, m.p. 107°, 125°, and 199° 

(decomp.), see Posner, Ber. 31, 657, Boiweauli, C.r. 135, 41. 

D. Homologoics Olefine-benzenes 

0 -, m-, and p-Methyl-styrenes, CHiCeH 4 CH:CH 2 , b.p. 160°, 164°, and 60° 
(12 mm.); 4-ethyl-styrene, b.p. 86° (20 mm.); 2,4,5- and 2,4,6-trimethyl¬ 
styrenes, m.p. 118°, b.p. 213°, and b.p. 92° (14 mm.), have been obtained chiefly 
by method {1) (p. 442) {Klages, Ber. 31, l()b7; 35, 2245; 37^ 924; Schramm, 
Ber. 24, 1332). For other olefines of the mesitylene series and dimethyl-styrenes, 
soi^ above references and Heller, C.r. 155, 1581. 

Propenyl-benzene, 01 -methyl-styrene, isoallyl-benzene, CeHft-CII^CHCHs, 
b.p. 63.5° (13 mm.), has been obtained by the action of pyridine on a-chloropro- 
pyl-benzene, by reduction of cinnamyl alcohol with hyariodic acid, and by the 
action of sodium on ammonium cinnamate {Emde, Ber. 44, 3224). It has also 
been obtained by the action of methyl magnesium iodide on w-bromastyrene, and 
from «-chloroalIyl-benzene {Bert, C.r. 191, 454); also by exhaustive methylation 
of 7 -phenyl-propylamine {Senfter, Ber. 27, 2309). It can be obtained from a,/3- 
chloro-bromo-pronenyl-benzene, C«H 6 CCl:CBrCH 3 , a transformation product of 
bromo-propionyl-oenzene, CoHs’COCHBrCH*, by reduction with sodium in 
ether {KunckeXl, Ber. 36, 3033). For other w-alkyl-styrenes obtained by the 
action of magnesium alkyl-halides on benzaldehyde, see Reich, Helv. 4, 242; and 
for those obtained by dehydration of a-alkyl-a-phenyl-ethanols, see Amagat, C.r. 
190, 1055. p-Bromo-propenyl-benzene, m.p. 35°, is obtained from p-bromo- 
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phenyl-magnesium bromide and propionaldchyde, the carbinol first formed being 
dehydrated with phosphorus pentoxide (Quelet, Bull. 45, 75). 

Allyl-benzene, CeHs-0112 011:0112, b.p. 157°, is obtained from benzene, allyl 
iodide, and zinc dust {Fiiiig^ Ann. 172, 132), or from phenyl magnesium bromide 
and allyl bromide (Tiffcneaa^ O.r. 139,481). p-Bromo-allyl-benzene, b.p. 96° 
(12 mm.), is formed by the interaction of p-dibrorao-bonzene with magnesium and 
allyl bromide, only one of the bromine atoms attached to the ring reacting (see p. 
443) {Quehi Bull. 45, 75). 

The allyl-benzenes boil at higher temperatures and have higher refractive in¬ 
dices than the propenyl-benzenes. The same is true of the corresponding phenol- 
ethers (pp. 449 et seq,) (Auwers, Ber, 62, 696). 

Isopropenyl-benzene, 0 «Hb 0(0II3)lOHo, b.p. 162°, is obtained by the action 
of excess methyl magnesium i(idido on acetophenone or benzoic esters; from 
C«H6C(CH3)20Mgl by the action of ammonia (p. 442); from hydratropyl alco¬ 
hol by the action of caustic pota.-^h, and by heating dimethyl-phenyl-carbinol with 
acetic anhydride (Sahelay^ Bull. 45, 69); it is also obtained by the elimination of 
hydrogen chloride from i3-chloro-/3-phenyl-propane by sodio-malonic ester {Hoff- 
■marly Am. 51, 2542). By heating /S-alkyl-cinnamic acids with 50% sulphuric 
acid, methopropenyl-, methobutenyl-, and methohexenyl-benzenes, b.p. 192°, 
199°, and 121° (20 mrn.), have also been prepared {JohnsoUy J. 1926,2748). For 
the elimination of formaldehyde from isoproirenvl-benzene, see Tiffeneaiiy Bull. 
[3] , 27, 1066. a-Ethyl-styrene, C 6 HbC(C 2 H 5 ) :CIl 2 , b.p. 180°, is obtained by the 
action of caustic potash on i3-ethyl-/3-phenyl-ethyl alcohol {Sabetayy Bull. 45, 69). 
For optically active methopentenyl-benzene, b.p. 100-10.3° (9 mm.), [ajo 50.3°, 
see Klages, Ber. 37, 653. w-Chloroallyl-benzene, CellsCyHiCHiCIICl, obtained 
by the action of phenyl-magnesium bromide on 1,3-dichloro-propene, gives 
alkyl-ethers of cinnamyl alcohol with alcohols and caustic potash (Berly C.r. 191, 
332). /9-Bromoallyl-benzene, CeHsCHaCBriCIIa, m.p. —12.5°, b.p. 102° (17 
mm.), is obtained from phenyl magnesium bromide and 2,3-(libr()mo-propylene, 
and with alcohols and caustic potash gives .siy/n-phenyl-methyl-acetylone {Lcs- 
pieauy C.r. 171, 111). «-Bromo-isopropenyl-benzene, CeHsC^CTIa) :CHBr^ b.p. 
106° (9 mm.), is obtained from dibromo-/3-methyl-cinnamic acid, by the action of 
-'an aqueous solution of sodium carbonate. With alcoholic potash it gives phenyl- 
allylene, with migration of the phenyl group (p. 447) {TiffeneaUy Aim. oh. ph. [8], 
10, 145). 

A*-Butenyl-benzene, C 6 HbCH 2 CH:CHCH 3 , b.p. 176°, dis 0.8857, nn 1.5109, is 
obtained by reduction and loss of water from benzyl-acetone, or from phenyl- 
butadiene by reduction with sodium and alcohol. When heated with alcoholic 
potash to 180°, it changes into the isomeric A^-butenyl-benzene, CeHsCII:- 
CH*CH 2 *CH 8 , b.p. 189°, die 0.9124, ud 1.5414. The latter compound is also ob¬ 
tained from benzaldehyde and propyl-magnesium bromide, and from phenyl 
magne.sium bromide and //.-butyraldehyde. Unlike A*-buteriyl-bonzeiie, it can 
be reduced to n-butyl-benzene by sodium and alcohol {KlageSy Ber. 37, 2310). 
A^-Butenyl-benzene, C 6 H 5 CH 2 CH 2 CH:CH 2 , b.p. 73-76° (14 mm.), is obtained 
from benzyl magnesium chloride and allyl iodide {Andriy Bull. 9, 192) or by the 
action of sodium on a mixture of benzyl chloride and allyl iodide {Riibery Ber. 44, 
2391). On oxidation it gives hydrocinnamic acid. 

A^-Isoamenyl-benzene, CeTl 5 CH:CH-CH(CHs) 2 , b.p. 207°. A^-Isoamenyl- 
benzene, C 6 H 6 CH 2 - 011 : 0 ( 0113 ) 2 , b.p. 205°, see Klages^ Ber. 37,2314. For un¬ 
saturated hydrocarbons of the general formula CeH 5 (OH 2 ) 2 CH:OH 2 , which are 
obtained by the action of magnesium and allyl bromide on «-halogeno-alkyl- 
benzenes, see BrauUy Ber. 45, 1246; for other homologues of styrene, see U.S. 
Pats. 1,541,175 and 1,562,874/5, and AuwerSy Ber. 62, 693. 

Ib. Acetylene-Benzenes 

Phenyl-acetylene, OeHsO-OH, b.p. 141-142°, ks obtained: (i) from a- or 
ci>-bromo-styrene (StramSy Ann. 342, 221; HezzleVy Am. 44, 426); (^) by heating 
acetophenone-chloride or styrene-dibromide with alcoholic potash at 130°; (3) 
from phenyl-propiolic acid (p. 478) by heating the acid with water at 120°, or by 
distilling its banum or aniline salt (Hollernany Rec. 15, 157), or by distilling its 
copper salt in steam. 

Phenyl-acetylene is a liquid with a faint smell. Like acetylene it gives pre- 
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cipitates with ammoiiiacal silver and cuprous chloride solutions; silver phenyl- 
acetylide, C«H 6 C:CAg, is white (Liebermann, Ber. 25, 1096); copper phenyl- 
acetylide, CeHjCiCCu, is bright yeUow. It dissolves in acetic acid with an 
orange-yellow colour, forming an oxidisable double salt, CeHsCsC-Cu, CHj- 
COOCu, and dipheiwl-butenine (y.y.) (Straitss, Ann. 342,193). Sodium phenyl- 
acetylide, C«H 6 *C;CNa, is obtained by the action of sodium on a solution of 
phenyl-acetylene in ether. It condenses with aldehydes and ketones to form 
phenyl-acetylene alcohols (p. 467), with formic ester to give phenyl-propargalde- 
hyde (p. 461), with the esters or chlorides of homologous acids to give phenyl- 
acetylene ketones, with ethyl chlorocarbonate to give phenyl-mopiohc ester 
(p. 479), and with carbon dioxide to give phenyl-propiolic acid. With aromatic 
mustard oils it forms thio-amlides, CeHsC• C • CS*NH • Ar; p-toluidide, m.p. 111 *- 
113° (decomp.) (Worrall, Am. 39, 697). Phenyl-acetylene is converted into 
acetophenone by treatment with dilute sulphuric acid, and into styrene, with a 
little diphenyl-butadiene as a by-product, by boiling with acetic acid, or ethyl alco¬ 
hol, and zinc dust (Aronsteirif Ber. 22 , 11 ^). With hydrogen bromide it gives 
a-bromo-styrenc (p. 444). For its gradual hydrogenation, see Bourgiiel, C.r. 189, 
757. 

Phenyl-chloroacetylene, CJIsC-CCl, b.p. 74° (14 mm.); phenyl-bromo- 
acetylene, CaHsC-CBr, b.p. 96° (15 min.), and phenvl-iodoacetylene, b.p. 136° 
(22 mm.) are all converted into phenacyl halides (p. 404) by sulphuric acid 
{Peralorier Gazz. 22, II, 94; Nef^ Ann. 308, 292). Various aryl-chloro-acetyl- 
enes haveo^n obtained from a,^-dichloro-styrenes with alcoholic potash, while 
metallic sodium gives rise to aryl-acetylenes {Kunckelly Ber. 33, 2654, 3261). For 
w-bromo- and w-iodo-phenyl-alkines see Grignard, Ann. ch. [10], 5, 5. o- and 
p-Nitrophenyl-ace^lenes, NO 2 C' 6 H 4 C• CH. m.p. 81° and 152°, are obtained by 
boiling o- and p-nitrophenyl-propiolic acias with water. m-Azoxyphenyl-acety¬ 
lene, N 20 [ 3 ] (CelHCiC)^, pale rose-coloured crystals ,m.p. 101 - 102 °, is obtained 
from /?i-azoxyphenyl-propiolic acid (p. 480) by heating with water in a sealed 
tube at 135° {Reich^ Bull. 19, 146). o-Aminophenyl-acetylene, NH 2 • C 6 H 4 C: CH, 
is an oil, smelling like the indigo vjit. It is obtained from o-aminophenyl-pro- 
piolic acid, or from o-nitrophenyl-acetylene by reduction with powdered zinc and 
ammonia, or ferrous sulphate and caustic potash. 

TRUE ARYL-ACETYLENES, Ar C-CH. p-Tolyl-acetylene, m.p. 23°, b.p. 
53-56° (11-12 mm.), is obtained from the dichloride of methyl-p-tolyl ketone by 
the a(;lion of sodamidc (Willemarl. Bull. 45, 644). y-Phenyl-propine, or benzyl- 
acetylene, CoHsCILiC-CH, b.p. 68° (16 rnm.), has been obtained from the /3- 
isomcr, .s////^--phenyl-mcthyl-acetylene (see below), which isornerises under the in¬ 
fluence of sodamide (Bourgncl, Ann. ch. flO), 3. 325) or from as-benzyl-bromo- 
ethyleiie, CcHfiCH-iCBr: CH 2 , by the same methf>d. Like all true acetylenes it gives 
a .silviT compound, CTllTC-CAg -f- AgNOa. W^ith sodamide, a red derivative is 
formed, not only the mobile H atom of the OH group, but also one of the hydrogens 
of the metliyleiie group taking part in the reaction (Bourgiiel, C.r. 176, 751 ; 186, 
1211), (5-Phenyl-butine, phenyl-ethyl-acetylene, CeHsCHoCILCiCJI, b.p. 79- 
81° (12 mm.), has been obtained from the dibromide of A®-butenyl-benzene (p. 
446) by the action of alcoholic potash {AndH, Bull. 9, 192). For other true 
acetylenes, see Bert, C.r. 181, 555. / 

-Phenyl-methyl-acetylene, /3-phenyl-propine, phenyl-allylene, C«H6 • C • - 
C-CHa, b.p. 185°, is obtained from phenyl-bromopropylcne by the action of 
alcoholic potash, or from phenyl-acetylene, methyl iodide, and caustic potash 
( Bonrguel, C.r. 192, 686). For bases of the general formula CjHsC • C • CH 2 • NRs, 
which are obtained from the aryl-a<5etylcncs by the action of formaldehyde and 
secondary amines, see Mannich, Ber. 66 , 418. syw-Phenyl-ethyl-acetylene, 
b.p. 201°, is obtained from sodio-phenyl-acetylcne by the action of ethyl iodide, 
or from phenyl-iodo-acctylene by the action of zinc diethyl. ST/m-Phenyl-butyl- 
acetylene, CeHsC-CCiH^, b.p. 114-115° (14 mm.), is obtained from phenyl- 
acetylene and butyl benzene-sulphonate in vaseline at 110° (Truchet, Ann. ch. 
[10], 16, 309). 

Ic. Diolefine-benzenes 

(A) 0 . m-, and p-DIVINYL-BENZENES^ CeHsCCHrCH,),, b.p. 78.6° (11 
mm.), 52° (3 mm.), and m.p. 31°, are obtained by the action of quinoline on 
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the dibromohydrins of o-, m-, and p-di-(hydroxy-ethyl-)benzenes. Tetra’^ 
bromides, m.p, 71-74®, 64®, and 157® (indefinite) (Lespieau, C.r. 190.683; 192, 
1382). p-Dipropenyl-benzene, C*H 4 (CH:CHCH 8 ) 2 , b.p. 123-125® (12 mm.), 
has been prepared oy heating the carbinol (q.v,) with phoj^horus pentoxide 
(Quelet, Bull. 45, 255), and p-^isopropenyl-benzene, C«H 4 [C(CH 8 ) :CH 2 ] 2 , m.p. 
^.6-64®, is obtained similarly, but using potassium bisulphate in place of phos¬ 
phorus pentoxide {Bogert, Am. 41, 1676). 

(B) Phenyl-butadiene, C 6 H 8 CH:CH*CH:CH 2 ,m.p. 4.5®, b.p. 95® (18 mm.), 
is obtained: by the action of excess methyl magnesium iodide on cinnamic alde¬ 
hyde [Klages, Ber. 37^ 2310); by loss of carbon dioxide from cinnamylidcne- 
malonic- or -acetic acids (p. 480), and from styryl-methyl-carbinol chloride, 
C6H$CH:CH«CHC1*CH2, by boiling with pyridine. It polymerises into the 
dimer on standing, and more rapidly at 150®, the compound produced boiling at 
221® (17 mm.) (liiiber, Ber. 37, 2272; SMbc, Ber. 45, 3496). Phenyl-butadiene 
is reduced by sodium and ethyl alcohol to A^-butenyl-benzene (p. 446). With 
bromine it gives a 1^4-dibromide, C«H 50 PIBrCH:CH-CH 2 Br. m.p. 94®, and a 
tetrabromide, C 8 H 6 CHBrCHBr-CHBr*CH 2 Br. The dibromicle reacts with zinc 
methyl and ethyl to form dimethyl- and diethyl-buteuyl-bcnzenes, C 6 H 5 CH(Alk)- 
CH:CHCH 2 (Alk). Phenyl-butadiene combines with diazo-acetic ester to form 

/CHCOOR 

styryl-cyclopropane-carboxylic ester, CaHsCH: CH • CH<(^ I (von der 

Heide. Ber. 37. 2101). When /?-sWryl-acrylic (cinnamylidene-acetic) or cin- 
namylidene-malonic acid, is heated with baryta, phenyl-cyclobutene, CeHs- 
CH«CH 2 • C H: C H, m.p. 25®, is formed, while the dimeric diphenyl-tricyclo¬ 
octane is the chief product (Klages, Ber. 35, 2649; Lieherrnann, Riiber, Ber. 35, 
2696 ; 36, 1404; Ddbner, Ber. 40, 149). 

Phenyl-methyl-butadiene, C 6 H 6 CH:CH C(CH 5 ) rCHz, b.p. 124® (32 mm.), 
and phenyl-methyl-pentadiene, C«H 8 CH:CH C(CH 8 ) :CHCH 8 , b.p. 133® (21 
mm.), are obtained from benzylidene-acetone by the action of methyl magnesium 
iodide and ethyl magnesium iodide by method (S) (p. 442). Phenyl-pentadiene, 
CeHftCHrCH CHcCH CH,, b.p. 116® (16 mm.), and phenyl-hexadiene, C 4 H 5 - 
CH:CH'CH:CH * 01120118 , b.p. 128® (16 mm.), are obtain^ from ciimamalde- 
hyde with ethyl magnesium iodide and propyl magnesium iodide (Klagcs, Ber. 35, 
2651: 40, 1768). 

Trimethyl-phenyl-allene, 0(iH6(0H8)C: 0 : 0 ( 0113 ) 2 , b.p. 108® (20 mrn.), is a 
liquid of high refractive index, possessing a lemon-like odour, obtained by the 
action of phenyl magnesium bromide on mesityl oxide. When oxidised with per¬ 
manganate it gives acetophenone, and on reduction with sodium and alcohol 
it gives A*-hexenyl-benzene (Klages, Ber. 37, 2305). 

Id. Olefine-acetylene-benzenes 

Oompounds such as isopropenyl-phenyl-acetylene, 0«H60:0*0(0118) :CH 2 , 
b.p. 88^ (7 mm.), and isobutenyl-phenyl-acetylene, OeHsC • 0 • C(0H8): CH • OHa, 
b.p. 103® (9 mm.), have been prepared from pheiiyl-acetylene-alcohols by the 
removal of water by means of sulphuric acid or potassium bisulphatc (Favorski, C. 
1905, II, 1018, ei seq,) 


le. Diacetylene-benzenes 

0 -, m- and p-Diethinyl-benzenes, phenylene-diacetylenes, 0eH4(0:0H)2,’ b.p. 
82® (14 mm.), m.p. —2.5® and 95®, are ootained from the tetrabromides of diole- 
fine-benzenes (see above) by the action of alcoholic potash (Lespieau, C.r. 190, 
683; 192, 1387). 


Ila. Olefine-phenols 

A number of compounds of this class occur in plants. Chavicol, 
estragoli anethole, eugenol, chavibetol, safrol, asarone, apiole, etc., are 
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all phenolic derivatives of allyl-benzene and isoallyl- or propenyl- 
benzene. Some of them have been synthesised, the allyf'compounds 
by means of the Claisen reaction described on p. 193, and the pro- 
penyl compounds from aldehydes by condensation with propionic 
acid and removal of carbon dioxide, or with ethyl magnesium bromide 
and removal of water, or from allyl compounds by rearrangement. 


1 . Olefine-monohydroxy-benzenes 

o-Vinyl-phenol, CH 2 :CH• C«H40H. m.p. 29®, b.p. 108° (15 mm.), a compound 
with a phenol-like smell, is obtained oy slowly distilling o-coumaric acid (p. 473) 
in a vacuum (Fries, Ber. 41, 367), and from phenol by the action of ethylene 
oxide and sulphuric acid (Smith, Am. 53, 806). m-Vinyl-phenol, b.p. 115° (16 
mm.), is obtained from m-aminostyrene (p. 445). o-, m- and p-Vinyl-anisoles, 
CH 2 :CH-C 6 H 4 *OCH|j b.p. 83° (11 mm.), 90° (14 mm.), 91° (13 mm.), are oils 
which readily polymerise. They have been obtained by method (f) (p. 442) from 
methoxy-acetophenones. The o- and p-derivatives have also been synthesized 
from methoxy-cinnamic acids (Perkin, Ber. 11, 515; Klages, Ber. 36, 3587). 
o-Hydrozy-co-chlorostyrene, H0[21C6H4CH:CHC1, m.p. 54°, obtained from o- 
amino-<k)-chlorostyrene, gives coumarone when treated with caustic potash, p- 
Methoxy-co-chlorostyrene, (CH 3 O) [ 41 CeH 4 CH:CHCl, m.p. 34°, is obtained from 
p-methoxy-cinnamic acid (p. 476) dissolved in aqueous potassium carbonate by 
the action of potassium Iwpochlorite (Borsche, Ber. 48, 452). The three hy¬ 
droxy-iu-nitrostyrenes, H 0 -C«H 4 CH:CHN 02 , have been obtained by similar 
methods to the w-nitro-styrenes (p. 444) from 0 - and m-hydroxy-aldehydes, and 
from the acwlated p-hydroxy-aldehyde; m.p. o- 133-134°, m- 132-133°, p- 165° 
(Rcmfry, J. 99, 282). For o-thio-cu-chlorostyrene, HS • C®H 4 • CH: CfiCl, see 
benzo-thiophene, Vol. IV, 

ALLYL- AND PROPENYL-PHENOLS. A property common to aU the allyl- 
phenols comprising this group is their isomerisation to propenyl compounds unaer 
the influence of hot alcoholic potash, powdered caustic potash or caustic soda, 
potassium phenate, etc,: 


CIT3O. CflH4 • CH2 - CH: CH2 

M e tby 1-chavicol 

(CHsOaCeH, • CHj • CH: CH2 

Methyl-eugenol 

(CH202)C4H3 • CH2 • CH: CH2 

Safrol 

(CH, 0 )sv. 

>C,JI-CH2CH:CH, 

(CHsOs)/ 

Apiole 


CHgO • CeH4 • CH: CH • CH, 

Anethole 

(CH,0)2CeH,. CH: CH • CH, 

Methyl isoeugenol 

(CH202)CeH,. CH: CH. CH, 

Isosafrol 

>Cai-CH:CHCH, 

(CH,0*)/ 

Isoapiole 


The change seems to be confined to allyl derivatives, since /9-butenyl-p-anisole 
does not undergo a similar rearrangement into a-butenyl-anisole (Braun, Ber. 56, 
538). It is possibly connected with the ready migration of the allyl group in the 
phenol-allyj ethers (p. 193). 

The propenyl derivatives differ from the allyl derivatives in having higher 
specific gravities, higher melting points, higher refractive indices, and lower heats 
of combustion (Eykmann, Ber. 22, 2747; Auwers, Ber. 62 , 696). Often, two 
geometrically isomeric forms exist (Waterman, Rec. 47, 1027). While the pro¬ 
penyl compounds are readily reduced by sodium and alcohol, the allyl compounds 
are not (Klages, Ber. 32, 1436). On catalytic hydrogenation under pressure, the 
unsaturated siae-chain is first reduced at a temperature of about 95°, but the 
benzene ring is not affected until the temperature has been raised to 185-190° 
(Ipatiev, Ber. 46, 3589). By careful oxidation with permanganate, the allyl- and 
propenyl-phenols give phenol’-glycols (p. 376) and pkenol-^lyoxylic adds (p. 422). 
On ozonisation, hydroxy-benzaldehydes and hydroxyphmyl^-acelaldehydea are 



450 


OLEPINE-PHENOLS 


formed (Semmler, Ber. 41,2761). The propenyl compounds are oxidised by mer¬ 
curic acetate, mercurous acetate being precipitated and glycols formed, while the 
allyl compounds merely form addition products, from which they are regenerated 
by acids, or by reduction {Balhiano, Ber. 36, 3577; 42, 1502; Gazz. 36,1, 237). 
I^openyl-phenols and their ethers are dimerised and polymerised even in the cold 
in the presence of mineral acids (Puxeddu, Gazz. 43,1, 128); concentrated formic 
acid produce*s the same effect on boiling. The allyl compounds are not affected 
by this treatment. When the iodohydrins of the propenyl compounds are treated 
with silver nitrate, or mercuric oxide, the aromatic residue migrates and aldt^hydes 
are formed. Thus anethole gives p-methoxy-hydrairopaldehyde^ CHaOC^IiCH- 
(CH8)CH0 (p. 347). In the dibromides of the propenyl compounds, the bromine 
atom next to the phenyl group is mobile; unlike the allyl dibromides, they readily 
give ketones on treatment with two molecules of sodium methylate. Thus ane¬ 
thole dibromide gives anisyl-^.ihyl ketone, b.p. 148® (14 mm.) (see pp. 351, 400). 

Chavicol, p>^llyUphenol^ CIl 2 .CH*CHj[ 4 ]C 8 H 40 H, m.p. —16°, b.p. 236®, di6 
1.020, occurs in the essential oil of bay and in betel oil, from the leaves of Chavica 
hetle. It has been synthesised by Quelet (Bull. 45, 255) by oxidising p-allyl- 
phenyl-magnesium bromide with oxygen. Its aqueous solution gives a blue col¬ 
ouration with a drop of ferric chloride. 

0-Methyl-chavicol, estragol, b.p. 215®, has been detected in tarragon oil, in 
American turpentine, and in other essential oils (Grimaux^ C.r. 117, 1089; Hellf 
Ber. 29, 344). It has been synthesised by Txffeneau from allyl bromide and p- 
methoxy-phenyl-magnesium oromide (C.r. 139, 481). Heated with alcoholic 
potash, it is converted into anethole. 

p-Anol, p-propenyl-phenolf CHa-CH:CH[4]C6H40H, m.p. 93-94®, has been 
obtained by heating anethole with caustic potash, or synthetically, from p- 
hydroxy-benzaldehyde by the action of excess ethyl magnesium bromide {Behalf 
Bull. 3, 301; Landenburg, Ann. supp. 8, 88) and by oxidation of p-propenyl- 
phenyl-magncsium bromide with oxygen (Qitelet. Bull. 45, 255). 

Anethole, p-propenyl-anisolc, CH 3 *CH:CH[ 4 ]C 6 H 40 CHa,m.p. 22°, b.p. 233®, 
is found in anise oil, from the seed of Pimpi/nella anisiim^ in star anise oil from the 
seed of Illicium verum, in fennel oil from the fruit of Aneihurn foeniculvm^ and in 
tarragon oil; it is also obtained from methyl-chavicol (see above). Syntheses 
have been carried out by Hell^ from anisaldehyde and ethyl-magnesium iodide 
(Ber. 37. 4188), and by Perkin and Wallach (Ber. 10, 1604; Ann. 357, 76), from 
/S,p-metnoxyphenyl-methylacrylic acid by heating. This reaction establishes 
its constitution as a p-propenyl-anisole. When boiled with methyl alcoholic 
hydrogen chloride it dimerises to iso^nelkolej b.p. 205-210® (0.7 mm.^ the for¬ 
mula of which, deduced from its oxidation products, is probably CH80[4]- 
C 6 H 4 CH:C(CH 3 ) C(C2H5)C«H4[4']0CH3 {Godall, J. 1930, 2482). A dimeric 
anethole, m.p. 132°, possibly different from the preceding compound, is formed 
by the action of ferric chloride {Puxeddu, Gazz. 50, I, 149). By the action of 
light and air, anethole is slowly converted into di’-p-methoxy-siilhene, CH 30 [ 4 ]- 
CeH4CH:CHC6H4[4']OCH8, known as photo-anethole {Horing Ber. 42, 1204). 
Anethole dibromidc^ m.p. 67® (Helly J. pr. 52, 198). The oxidation of anethole 
with chromic acid gives anisic acid and acetic acid. With dilute nitric acid anis¬ 
aldehyde is obtainea (p. 346). With permanganate it gives methoxy-phenyl- 
glyoxylic acid (p. 427), and with mercuric acetate, anisyl-propylene-glycol 
{Ballkano, Ber. 35,2997). With iodine and mercuric oxide, methoxy-hydratropic 
aldehyde (see above) is formed. It combines with nitrous acid to give various 
products according to the conditions: anethole pseudonitrosite, anethole nitrite. 
CH 30 C(Jl 4 CH(N 0 )-CH(N 02 )CH 3 , m.p. 121®. p-methoxyphenyl-methyl-gly- 
oxime, CH 80 C 6 H 4 C(N 0 H)C(N 0 H)CH 8 , and the peroxide of the latter (see p. 
408). Anethole nitrite when treated with acetyl chloride or sodium methylate 
loses h 3 rponitrous acid and becomes /3-nitroanethole, CH80C6H4CH:CH(N02) •- 
CHf, m.p. 47°, yellow needles. Anethole-nitrosochloride, (CH80)CeH4CHCl*- 
CH(N 0 )*CH 8 , m.p. 128® {Wallach, Ann. 332, 318). 

o-Allyl-phenol, o-chavicol, HO[2]C«H4CH2CH:CH2. b.p. 220®, b.p. 99® (12 
mm.), is obtained from phenyl-allyl ether by thermal rearrangement (p. 193). 
0 , 0 -DiaUyl-phenol, HO[2]C6H,[l,3](CH2'CH:CH2)2, b.p. 122° (11 mm.). 
o,o,p-Tiiallyl-phenol, b.p. 158-169° (14 mm.). The methyl ether of o-allyl- 
phenol, o-estragol. b.p. 86-87° (12 mm.), is obtained from the phenol by the action 
of dimethyl smpnate and sodium hydroxide. Under the action of alkalis, o- 
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chavicol isomerises to o-propenyl-phenol, c^-anoi, HO[ 2 ]C 6 H 4 CH:CHCH|. 
m.p. 37-38®; its methyl ether, o-anethole, b.p. 104-105® (13 mm.), is obtained 
from o-anol by methylation, or from o-estragol by rearrangement, or synthetically 
from methyl-salicylaldehyde. The oxidation of o-chavicol takes the same course 
as that of the p-compound, o-methoxyphenyl-acetaldehyde, or o-anisaldehyde 
and the corresponding acids being formed (Claisen, Ann. 418, 69). o-Allyl- 

phenol condenses with hydrogen bromide to C 6 H 4 <' yC'CHs, 2-methyl- 

cournarane, m-Propenyl-anisole, m-anethole, b.p.227® {Moureu, C.r. 123,57; Hell, 
Ber. 36, 1188). 4-Methyl-2-isopropenyl-phenol, HO[2]CH3[4]C«H3C(CH8):- 
CHa, m.p. 75® (containing ether of crystallisation), is obtained from m-cresol 
and acetone under the action of hydrogen chloride gas. When reduced catalyti- 
cally, it gives thymol, and is therefore of some industrial importance (Brit. Pats. 
273,684/5/6, 276,010, 279,855/6/7, 280,924, 280,956, and 306,051; U. S.'Pata. 
1,679,664, 1,696,769, and 1,706,784). 

0 -, m- and p-Isopropenyl-anisole, (ClIjO)CeH 4 *C(CH 8 ) :CHo, b.p. 199®, 215®, 
and 222® (m.p. 33®), are obtained from anisole-carboxylic esters and methyl mag¬ 
nesium iodide {Behai, C.r. 139, 139; Bull. 3 , 301, 732). Like the propen}?!- 
compounds, the isopropenyl compounds are readily reduced by sodium ana alco¬ 
hol, They are oxidised by permanganate to hydroxy-acetophenones. When 
their iodohydrins are treated with silver nitrate, ketones are formed, with migra¬ 
tion of the aromatic residue (p. 281). 


2. Olejine-dihydroxy-benzenes 

The 3,4-dihydroxy-derivatives of this class, and more often their ethers, are 
constituents of essential oils, or have been isolated from the decomposition prod¬ 
ucts of vegetable acids and alkaloids. Dihydroxy-benzenes are practically never 
found in natural products with their hydro.xyl groups free, but occur as 3-methyl-, 
3,4-dimethyl- or 3,4-methyleno ethers. The free clihydroxy-benzones are not 
easily obtained from tluise ethers without changes of the sid('-chaiiis or rcsiiiifica- 
tion. When the methylene ethens are treated with alcoholic potash under pres¬ 
sure, allyl rearranges to propenyl (see above), while the methylene-dioxy 
group is split in two dilTerent. ways, the elements of alcohol being taken up with 
the formation of two addition products: 


' [IICsHb 
C oHs—[3]OH 

'^(dJOCIIjOAlK 


Alkoxy-isobetel-phoriol 


[1 ]C,H, 

0,^3—[3 ]Os 

\ >0113 
{4]<y 

(rso)-safrol 


[1]C,H6 

+ OsHj—[SIOCHjOAlK. 

\ 

wjorr 

A ikox v-isoeu«en ol 


When warmed wath ethyl magnesium bromide, the methyleiu'-dioxy (tom- 
pound gives alkoxy-isobet el-phenol only {Kuwata, Soc. Japan, 1931, 34, 212; 
Kafiiku, Pharm. Japan, 1926). For other methods of opening the methylene- 
dioxy group, sec Parijs, Rcc. 49, 33. 

Fr(3(i vinyl-catechol, (HO)2[3,4]C6lLCH:CH2, seems to be unstable and apt to 
polymerise. Its carho7iate, CO(02)C«HjCH:CH2, m.p. 66®, is obtained by dry 
distillation of 3,4-dihydroxy-benzylidene-malonic carbonate {Pauly, Ber. 41, 

CHaOlSlv 

4163). 3-Methyl-ether, vinylA,Z-guaiacol, ^C 6 H 3 CH:CH 2 , m.p. 6- 

8®, b.p. 114® (12 mm.), is obtained by the catalytic oxidation of di(m-methoxy-4- 
hydroxy-phenyl)-methyl-methane, or by splitting off carbon dioxide from ferulic 
acid (p. 476), and in small quantities, by the action of a Grignard reagent on vanil¬ 
lin (benzoate). The identity of these products with a vinyl-guaiacol occurring 
in beech-tar oil is still undecided ( Reichstein, Helv. 15, 1450). It is an oil with a 
strong smell of cloves. On oxidation it gives vanillin. Its A-methyUether, 

HO[31v 

hesperitol, vinylS,4’yuaiacol, >C«H 3 *CH:CH 2 , m.p. 57®, is prepared by 

CH,0[4K 
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dry distillation of calcium isoferulate (p. 476) (Tiemann, Ber. 14, 967). Vlnyl- 

3,4-^tcchol-methylene ether, CHi<(|^^^C6H8CH:CHt, b.p. 108® (15 mm.), is 

obtained from piperonal and magnesium methyl iodide {KlageB, Ber. 36, 3595). 

AUyl^,4-catechol, (HO)2[3,4]C6H8CH2.CH:CH2 m.p.49^,b.p. 139® (4 mm.), 
has been detected in the oil of Java betel leaves. Its smell somewhat resembles 
that of creosote. Its alcoholic solution gives an intense green colour with ferric 
chloride (C. 1907, II, 1741). Allyl-2,3-catechol, (HO)2[2,3]CJl3CH2CH:CU2, 
m.p. 68®, and its 3,4-isomeride are the products of a thermal rearrangement of 
catechol-monoallyl-ether (Perkin^ J. 1927, 1663). l-n-Pentadecenyl-2,3-dihy- 
dro^qr-benzene, uruschiol, (HO)2[2,31C6Ha-CibH2«, b.p. about 210® (0.5 mm.), 
is the chief constituent of Japanese shellac (Kurosawa, Ber. 48, 1603; Majimn, 
Ber. 55, 172; see also Vol. II, p. 394). 

Ethers of ally 1-catechol are widely distributed in essential oils. The greatest 
industrial importance attaches to eugenol and safrol, which are the starting ma¬ 
terial in the preparation of the perfumes vanillin, and heKotropin (pp. 347, 349). 

HO[41v 

Eugenol, allyl-4,3-guaiacol, >CfHfCH 2 ‘011:0112, is an oil with a 

0H,0[3l/ 

strong odour of cloves, m.p. —7.5®, b.p. 254®, du 1.070. It gives a blue colour 
with ferric chloride. It occurs in clove oil from Eugenia caryophyUataAn. pimento 
oil from Pimenta acris, and in the oil of cinnamon leaves. Tieniann (Ber. 9, 413) 
prepared it from coniferyl alcohol (p. 457) by the action of sodium amalgam. 
Claisen (Ann. 418, 69) synthesised it by introducing the allyl-group into guaiacol 
o-carboxylic acid, followed by the Claisen rearrangement, and removal of the car¬ 
boxyl group. It is oxidised by permanganate to vanillin and vanillic acid. 
Heated with an excess of alcoholic potash it isomerises to isoeugenol (p. 453). 
For its hydrogenation to dihydro-eugenol, see Ipatiew, Ber. 46, 3589; Br. Pat. 
352,663. For eugenol derivatives, see Einhorn, Ber. 27, 2455; Hell, Ber, 28, 
2082). 

HO[41v 

Homoeugenol, ^C 6 HiCH 2 CH:CHCHi, b.p. 144-146® (12 mm.), is 

CH30[3]/ 

obtained by hydrogenation of vanillylidene-acetone under pressure, the 4-hydroxy 
3-methoxyphenyl-butanol formed being delg^i^ed with 60% sulphuric acid 

(Arch. Pharm. 265, 104). o-£ugenol, \CeHrCH 2 *CH:CH«, b.p. 

CH,0[3I/ 

122® (12 mm.), an oil with a strong smell of cloves, has been obtained by thermal 
rearrangement of guaiacol-allyl ether (Claisen, Ann. 401, 50). 

CHgOlSj V 

Chavibetol, hetel-phenol, allyU3,4:-guaiacol, >C 6 H»‘CH 2 ‘CH:CH 2 , 

CH30[4]/ 

m.p. 8.5®, b.p. 254®, occurs in the essential oil of the leaves of Piper betle (Ber¬ 
tram, J. pr. 39, 349; Eykman, Ber. 23,862). Under the influence of caustic pot¬ 
ash it rearranges to fsobetel-phenol (see below). 

HO[31v 

Eugenol-methyl ether, allyl^,A:-veratrol, >C«Hi‘CH 2 -CH:CH 2 , m.p. 

CH30[4]/ 

—3.7®. b.p. 244®, occurs in paracote oil (Wallach, Ann. 271,304), in the essential 
oil of Asarum europaeum {Peiers€n,'Ber. 21,1060), in bay oil, and to a large extent 
in the wood oil of Dacrydium Franklinii, etc. It has been synthesised by Mou- 
reu (C.r. 121, 721) from pyrocatechol dimethyl ether, allyl ic^ide, and zinc dust. 
It has also been obtained from sodio-eugenol or potassio-chavibetol by the action 
of methyl iodide (Bertram, J. pr. 39, 353). It is oxidised by chromic acid to 
dimethyl-protocatechuic acid (veratric acid, p. 366) and by heating with alco¬ 
holic potash it is converted into isoeugenol. 

/ 0 [ 3 ]v 

Safrol, shikimol, allyl-S,4-catechoUmeihyl€ne ether, CH 2 <" >CfHiCH 2 — 

CH:CH 2 , m.p. 11®, b.p. 233®, is found in the oils from Sassafras officinale and 
Illicium religiosvm or Shikimino-Ki, and in oil of camphor. It is prepared from 
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the last industrially. Dibromide, m.p. 87®. When ozonised it gives homo* 
yO[S\ 

piperonal, CH 2 <^^^^^^C 6 H«CH 2 CHO,b.p. 131-133® (8mm.) (Nagai, J. Tokyo, 

1923). When oxidised with permanganate it gives m,p-methylene-dioxy- 
benzyl glycol (p. 399), homopiperonylic acid (p. 368), and piperonoyl-carboxyUc 
acid (p. 427), which can be further oxidised to piperonal and piperonylic acid 
(p. 366) {Wagner^ Bcr. 24, 2488; Ilell, Ber. 28, 2088). On heating with caustic 
alkalis (p. 419) safrol isomerises to isosafrol (see below). For nitrosites see 
Angelif Gazz. 25, II, 188. For 6-nitro- and 6-amino-safrol, see Foulds*, J. 105, 
1963. 


Propenyl-3 4-pyrocatechol, (HO)2[3,4]C6HaCH:CII'CH,, m.p. 105.5®, iso¬ 
meric with ally 1-3,4-cateohoi, is obtained from its diacetate, m.p. 96®, by the 
action of ammonia on its ether solution (the diacetate is formed by the action of 
sodium acetate and acetic anhydride on alkoxy-isoeug(‘nol) {Hiraidzum^ Hoc. 
Japan, 34. 208). Small quantities are formed in the reaction between protocate- 
chuic aldehyde and an excess of ethyl magnesium bromide {Behai, Bull. 3, 301). 
Isoeugenol, its methyl ether, and isosafrol are derived from this compound. They 
are propenyl-catechol ethers, isomeric with the allyl-catechol ethers just described. 

HO[4k 

Isoeugenol, propenyl A,3-guaiacol, ^CellsCH: CH • CHs, forms a solid 

CHjO[3]'^ 

irans-modification, m.p. 34°, and a liquid cf8-modification, b.p. 115® (5 mm.) 
{Boedecker, Ber. 64, 61). It occurs in ylang-ylang and nutmeg oil, and has been 
prepared by distilling horaofcrulic acid (p. 477) with lime, by heating eugenol in 
amyl alcohol with caustic potash of sodium ethylate (Tiemann, Ber. 27, 2580), 
and synthetically by the action of ethyl magnesium bromide on vanillin {Behai, 
Bull. 3, 301). Isoeugenol is converted by alcoholic or ethereal hydrogen chloride 
into a compound known as di-isoeugenol, m.p. 179-180®, w^hich has been shown by 
Haworth and Mavin (J. 1931, 1363) to be 2,6-di%droxy-3,7-dmei/ioxy-9,10- 
dihydro-anthracene: 


Hi 

CHa 



C2HB 

i/Noch, 


CjhT 


OH 


When isoeugenol is oxidised, its hydroxyl-group being temporarily protected by 
acetylation, vanillin is formed. This reaction is carried out on the large scale. 
cts-Phenyl-urethane, m.p. 118°; benzoate, m.p. 68°; /rans-phenyl-urethane, 
m.p. 152°; acetate, m.p. 79®. 

Isobetel-phenol, isochavibetol, propenyl-3,4-guaiacol, 

HOlSk 

>C,H3CH:CHCH,, 

CH80[4]/ 

m.p. 90°, is obtained by rearrangement of betel-phenol with caustic potash, and 
from alkoxyl-isoeugenol (p. 451) by methylating the hydroxy-group and then re¬ 
moving the CH20Alk group by boiling with slightly acidified alcohol. The 
methylation of isoeugenol and isobetel-phenol gives 

Isoeugenol methyl ether, propenyl-3,4-veratrol, b.p. 263°, which is known in 
two stereoisomeric forms, one solid, m.p. 17.4°, and the other a liquid {Boe- 
decker, Ber, 64, 61). It has been detected in the oil of Asaruni arifolium. It is 
prepared artificially from eugenol-methyl ether by warming with alcoholic potash 
{Ciamician, Ber, 23, 1166), from isoeugenol and isobetel-phenol by methylation, 
and from O-methyl-vanillin by the action of ethyl magnesium bromide {Behai, 
Bull. 3, 301). It is oxidised by permanganate to veratroyl-carbo^ylio acid (p. 
427) and veratric acid ( Tiemann, Ber. 24, 2877). On careful oxidation, a glycol, 
m.p. 88®, is formed (p. 399) {BaUnano, Ber. 36, 3582). o-l8oeugenol. 



454 


OLEFINE-TRIHYDROXY-BENZENES 


HO[2]v 

>CeHaCH: CHCHa, m.p. 78®, is obtained from o-eugenol by isomerisa- 
CH,0[3]/ 

tion with caustic potash (Claisen, Ann. 418, 69) or from o-vanillin with ethyl 
magnesium bromide (Douetteau, Bull. 11, 652). 

/0[3J. 

l8085ifrol, CH 2 <" yCaHjCHrCH-CHa, exists in two stereoisomeric forms; 

the cis-form is unstable, b.p. 242-243®, and the trans is stable, b.p. 247-248® 
(Schimmers Ber., 1922, 162). It is obtained from safrol by warming with alco¬ 
holic potasli or dry sodium ethylate, and synthetically by the action of ethyl 
magnesium bromide on pipcronal (Mameh^ Lincci 13, TI, 315). Dibrornide, 
m.p. 52-53®. Like isocugenol, it dimerises under the influence of hydrogen 
chloride or formic acid. On heating, or with stannic chloride, higher polymers 
with molecular weights up to 1600 are obtained. It is oxidised by permanganate 
or mercuric acetate to a glycol (p. 399), m.p. 101° (Balhiano, Ber. 36, 3580), and 
to piperonyl-carbo^tylic acid (p. 427). With chromic acid, isosafrol gives pip- 
eronal, artificial helioiropin^ from which it is regenerated by condensation with 
propionic acid, carbon dioxide being removed from the methylene-homocafTeic 
acid (p. 477) first formed {Movreu, C.r. 122, 792; Wallach, Ber. 357, 77). For 
the opening of the methylene-dioxy group, see above. Reduction with 
sodium and alcohol converts isosafrol into dihydro-safrol and 7/?-propyl-phenol 
{Ipatiev, Ber. 46, 3589). Pseudonitrosite, m.p. 128® (Wallach. Ber. 332, 331). 

HOlSlv 

For the so-called safro-eugenol, ^CeHaCILCHrCH-i, 

CzH»0[4]/ 

eugenol, and related substances, see Kafuku^ Pharm. Japan, 1925. 


safro-iso- 


S, Olefine-trihydroxy-henzenes 

Asarone. propenyl-2f^f5~lrimethoxy-he7taene^ (CH80)8[2.4,5]C8H2CH:CH'CHa, 
m.p. 61°, D.p. 296®, can bo isolated from the essential oil of Asaruni europaeum. 
and from calmus oil horns ^ Ber. 35, 3190), in w^hich it accompanies terpenes ana 
eugenol. It has been synthesised from asaraldehyde (p. 350), propionic anhy¬ 
dride, and sodium propionate (Gatiermarvti, Ber. 32, 289). It is oxidised by per¬ 
manganate to asaraldehyde, 2,4,5-trimethoxy-benzaIdehydc (p. 350), and 
asaronic acid, 2,4,5-trimethoxy-benzoic acid. When the latter is distilled with 
lime it decomposes into carbon dioxide and hydroxyhydroquinone-trimethyl ether 
(p. 232) {damician, Ber. 23, 2294). 

Elemicin, allyl’^^Afi-trimethoxy-benzene, (CH 30 ) 8 [ 3 , 4 , 5 ]C 6 HtCHj• CH;CHj, 
b.p. 144-147° (10 mm.), is the chief constituent of Manila elemi oil {Sernmler, 
Ber. 41, 1768). It has been synthesized by Mauthner (Ann. 414, 250) by subject¬ 
ing pyrogallol-allyl-2,6-dimethyl ether to the Claisen transformaiiov, followed by 
metnylation of the free OH group formed. On ozonisation it gives trimcthyl- 
ether-homogallaldehjrde, and triraethyl-ether-homogalUc acid, and when treated 
with permanganate in acetone solution it gives trimethyl-ether-gallic acid. On 
heating with alcoholic potash, it changes to the corrcvsponding propenyl compound, 
isoelemicin, b.p. 153-156° (10 mm.), which is a position isomer of asarone, and 
which is oxidised to trimethyl-ether-gaUaldehyde and trimethyl-ether-galUc acid 
by ozone {SemmUr, Ber. 41, 1918, 2556), 

(CHaO,)v 

Myristicin, aUylS,4,5-trihydroxybenzene-methylene methyl ether, 

CHtCHrCHa, an oil, b.p. 149® (15 mm.). It can be extracted from the high- 
boiling fractions of nutmeg and mace oils, and together with apiol, from French 
parsley seed {Thoms, Ber. 36, 3451). It is converted into the propenyl com- 
poimd, isomyristidn, m.p. 45®, which occurs in mace and dill oils, by treatment 
with alcoholic potash, and on oxidation with permanganate it gives myristicinalde- 
hyde, m.p. 131®, and myristicinic acid, m.p. 208-209® {Thoms, Ber. 36, 3446). 
For nitrosites, see Rimini, Gazz. 35, 1, 406. 

3j4,5-Trimethoz7-<tf-nitro8tyrene, (CH80)3[3,4,5]C6H2*CH:CHN02,m.p. 119- 
120^, is obtained from trimethyl-ether-gallaldehyde {Mauthmr, J. pr. 92, 194). 
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OleJine4drahydroxy-benzene8 

Apiole, allyl-apionol-dimethyl^eihylene-^therf (CH80)t[2,6] (CHa02)(3,4]-C«H.- 
CHfCHrCHa, m.p. 30®. b.p. 294®, occurs in parsley seed from Petroselinum 
sativumy etc. When oxiaised with permanganate it forms ethers of the corre¬ 
sponding tetrahydroxy-benzaldehyde and acid; see also apionol, p. 232, When 
boiled with alcoholic potash, it changes to the isomeric propenyl derivative, 
isoapioly m.p. 66®, b.p. 304® {Bartolottiy Gazz. 22,1. 558; ThomSy Ber. 36, 1714). 
An isomer of parsley apiole, distinguished from it by the position of one of the 
methoiprgroups, is the so-called dill-apiole, (CH|0)2[6,6](CH*0j)[3,4)C6H*- 
CHaCHiCHa, b.p. 285°, found in oil of dill from Anethum graveolens (Ciamidany 
Ber. 29, 1800), in sea-fennel oil {DelepinCy Bull. 5, 926), in bamba oil (Spoelstra, 
Rec. 48, 372), and together with parsley apiole, in matico oil. With alcoholic 
potash it isomerises to dill-isoapiole, m.p. 44° {Thorns y Arch, Pharm. 242, 344). 
l-Allyl-2,3,4,5-tetramethoxy-benzene, (CH 30 ) 4 l 2 , 3 , 4 , 5 JC 6 HCH 2 CH:CHjj, in.p. 
25®, has been isolated from French parsley seed oil. With permanganate it gives 
2,3,4,5-tetramethoxy-bonzoic acid, m.p. 87° (Thoms, Ber. 41, 2761). 


Ilb. Acetylene-Phenols 

Acetylene-anisole, CII|CC 8 n 40 CIIj, b.p. 85-88® (11 mm.), is obtained from 
Qr,j 8 -dichloro-p-methoxy-styrene, by the action of sodium (Kunckell, Ber. 36, 916), 
and from p-methoxy-bromostyreno, by the action of alcoholic potash (Manchor, 
Ann. 387, 257). Acetylene-phenetol, CH• C • C 6 H 4 O • C 2 H 5 (Fittig, Ann. 269, 13). 

yO[3]s. 

3,4-Methylene-dioxyphenyl-acetylene, CH2< ^CeHaC-CH, piperonyl- 

^ 0 [ 4 ]/ 

acetylene, b.p. 103® (11 mm.), is obtained from piperonaland malonic acid, via 
methylene-dioxy-cinnamic acid (p. 477), its dibromide, and methylene-di- 
o^-w-bromostyrene (Lohavs, J. pr. 119, 235). 3,4-Methylene-dioxyphenyl-pro- 
pine, piveronyl-propine, CH 202 [ 3 , 4 ]C 6 HjC;CCH 3 , m.p. 42-43®, is obtained from 
isosafrol dibromide via bromo-isosafrol, which is treated with alcoholic potash 
(Foulda, J. 105, 1963). 


Ill, The Phenyl Olefine Alcohols and Their Oxidation Products 

The chemistry of the phenyl olefine alcohols, aldehydes and ketones 
is less developed than that of the phenyl paraffin alcohols and their 
oxidation products. The most important representatives of this 
class will be described below, together with their derivatives of phe¬ 
nolic type. The detailed scheme of classification of poly-alcohols 
and their oxidation products, which has been used in the case of the 
mononuclear benzene derivatives with saturated oxygen-containing 
side-chains, will not be followed here, because no representatives of 
many of the theoretically possible groups of compounds with un¬ 
saturated oxygen-containing side-chains have yet been prepared. 
Compounds of this type will be discussed together with the nearest 
related simple phenyl olefine alcohols and their oxidation products. 


la. Phenyl Olefine Alcohols 

Neither of the two theoretically possible phenyl-vinyl alcohols is known, and 
possibly they do not exist. When the halogen atom of an a-halogeno-styrene is 
replaced by hydro?^!, acetophenone is formed, and from an w-halogeno-styrene, 
phenyl-acetaldehyde is obtained: 

a-chlorostyrene CJIs • CCl: CH 2 — —> CeHs • CO • CHg, acetophenone; 

(u-bromostyrene CeHs-CHiCHBr-► C 6 Hi*CH 2 CHO, phenylacetaldehyde. 
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The corresponding ethers, the alkoxy-styrenes, have however been prepared, 
together with the «-acotate {Ley, Ber. 51, 1818; Sigfnund, Mo. 51. 234). 

jS-Phenyl-vinyl-methyl ether, b.p. 210-213®, and /8-phenyl-vinyl-ethyl ether, 
CaHfi^CHrCH’OCjHfi, b.p. 115® (24 mm.), is obtained from u) -halogcno-sty renes 
(p. 444) or from phenyl-acetylene by heating with sodium ethoxidc (ATe/, Ann. 
308, 270; Mmireu, C.r. 138, 286). A stereoisomeric form is obtained from the 
diethjd-acetal of phenyl-acetaldehyde by removing alcohol from it {DufraissCf 
Bull. 39. 905). a-Phenyl-vinyl-methyl ether, CsHsCfOCHs) :CH 2 , b.p. 197®, is 
obtained from /8-methoxycinnamic acid. a-Phenyl-vinyl-ethyl ether, C^HsC- 
(OC 2 Hi):CHj, m.p. 209®, can be obtained by heating acetophenone acetal (p. 
283), when alc(diol is lost, or by heating ^-ethoxy-cinnamic acid. When heat^ 
under pressure, it isomerises to phenyl-ethyl ketone (p. 282) {Claisen, Ber. 29, 
2931). When these ethers are hydrolysed, phenyl-acetaldehyde and acetophe¬ 
none are formed (Moureu, C.r. 138, 286). j8-Phenyl-vinyl-phenyl ether, CaH^- 
CH: CH ‘OCftHft, b.p. 158® (7mm.), is obtained by distilling a-phenoxy-ciiinamic 
acid. When it is heated at about 200® with alcoholic potash, ^-phenyl-vinyl -et hy 1 
ether is formed among other products, the phenol residue being displaced {Stoer- 
mer Ber. 38. 1962). /8-Phenyl-vinyl-acetate, ‘^styryl acetate CeHtCHiCHO- 

COCHg, mjiorm m.p. 33®, trans-form b.p. 128° (15 mm.), is hydrolysed to 
phenyl-acetaldehyde (Semmler, Ber. 42, 589; Boeseken, Rec. 52, 14). 

Cinnamyl alcohol, ‘^atyrone,** y-phenyl-allyl alcohol^ m.p. 33®, b.p. 258°, occurs 
as the cinnamic ester in liquid atorax, the sap of a tree, Liquidambar orierUahSy 
found in the south-west of Asia Minor, and in other plants. It is made arti¬ 
ficially by reducing cinnamic aldehyde or its diacetate also by an exchange of 
oxidation levels (U. S.Pat. 1,688,033). By the reduction of the diethyl-acetal 
of phenyl-propargaldehiyde (p. 461), a substance is obtained which appears to be 
a stereoisomeric cia^innamyl alcohol. Its smell is more pleasant than that of the 
ordinary trana form (Bourguel^ Bull. 45, 1067). On oxidation, it gives cinnamic 
aldehyde, cinnamic acid, and ben«:oic acid; see also stycerol, p. 399. Cinnamyl- 
amine, atyrylamine, Cells•CH:CH-CH20H2, b.p. 236° {Poaner^ Ber. 26, 1858; 
Eyide, Arch. Pharm. 244, 269). For cinnamyl-alkyl ethers, see Beaufour, Bull. 
11, 648). Cinnamyl chloride, C 6 H 6 CH:CHCH 2 (^, in*p. 7-8®, b.p. 115° (13 
mm.), is obtained from cinnamyl alcohol and hydrochloric acid {Dupont, C. 1910, 
II, 734), or thionyl chloride {Gilni.ore^ Hec. 50. 1052) and cinnamyl bromide, 
m.p. 31-32®, is obtained in a similar manner. These halides show some anoma¬ 
lous reactions. The chloride reacts with magnesium giving a compound, C 6 H 5 CH- 
(MgCl)CH:CH 2 , which forms, with carbon dioxide, phenyl-vinyl-acetic acid, 
C 6 H 6 CH(C 00 H)CH:CH 2 , and the bromide, on hydrolysis with alcoholic pot¬ 
ash, gives partly cinnamyl-ethyl ether, and partly an isomeric ether, that of 
phenyl-vinyl carbinol {Meiaenheitner. Ann. 479, 214; Gilman, Am. 53, 3541). 
This carbinol, a-phenyl-allyl alcohol, C6Hfr(jH(OH)CH:CH 2 , b.p. 114® (25 mm.), 
has also been prepared from phenyl magnesium bromide .and acrolein (Klagea, 
Ber. 39, 2554)^ and from hydroxy methylene-acetophenone by catalytic redinition, 
water 1:]^ing eliminated {Rupe, Helv. 4, 841). Its acetate is obtained by the ac¬ 
tion of potassium nitrate or silver nitrate on cinnamyl chloride, together with 
cinnamyl acetate {Meiaenheitner, Ann. 508, 58). For homologous vinyl-aryl car- 
binols, see Delaby, C.r. 194, 1248. 

St 3 rryl-methyl carbinol, y-phenyl-a-mnethyUallyl alcohol, C«H8*CH:C'I1CH- 
(CH»)OH, b.p. 144® (21 mm.), is obtained by the action of methyl magnesium 
iodide on cinnamic aldehyde {Klagea, Ber. 35, 2649; Sand, ibid,, 3186). 

lb. Hydroxyphenyl Olefine Alcohols 

/8-Anisyl-a-methyl-vinyl alcohol, CH,OC 6 H 4 C(CH») :CHOH, m.p. 79®, b.p. 
175® (14 mm.), is obtained from estragol dibromide by successive treatment 
with potassium acetate and alcoholic potash, a molecular rearrangement taking 
place during the reaction: 

I CH,OC.H«CH,CHBr H,Br y I Cri,OC.H 4 C(CH,):CHOH 

1 CHaOC Jl 4 CH,CH(OCOCH,) • CHjBr / i CH.OC Jl 4 CH(Cn,) • CHO. 

This alcohol, when distilled at ordinary pressure, or subjected to the influence of 
an acid, changes to p-methoxy-hydratropic aldehyde. With sodium methylate 
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or dimethyl sulphate, it gives a methyl ether, b.p. 262®, which is also obtained 
from anethole-methyl iodohydrin by treatment with mercuric oxide, when a 
migration of the aromatic residue occurs {Tiffeneau^ C.r. 145, 693, 628): 


CH30C6H4CH(OCHO . CHI • CH, 


CH30CeH4C(CH,) :CHOCH,. 


The internal anhydride of o-hydroxyphenyl-vinyl alcohol, or coumarone, 

< [1]CH:CH 

I , will be dealt with in Vol. IV. 

[2]0—I 

Glyco-o-coumaryl alcohol, C^HnOs-O-CeHi-CHiCH-CHaOH, m.p. 115®, is 
obtained from glyco-o-coumaraldehyde (p. 459). sec.-Methyl-o-coumaryl 
alcohol, HO*C«H 4 -CH:CH*CH(OH)CHt, m.p. 47®, see methyl-o-coumaryl 
ketone, p. 460. tert.-Dimethyl- and diethyl-o-coumaryl alcohol anhydrides, 
✓CH i CH 

C«H 4 <f I , b.p. 93° (11 mm.) and b.p. 127° (15 mm.), are obtained 

N)—6(Aik), 

from coumarin (p. 474) by the action of methyl magnesium iodide, and ethyl 
magnesium iodide (Ilouhen Ber. 37, 494). p-Metho:i^>cinnamyl alcohol, 
(✓H 30 f 4 ]C 6 H 4 CH:CHCH 20 Tl, m.p. 79-80®, possessing a very pleasant flower- 
like odour, is obtained from p-m ethoxy phenyl-ala nine (Karrer, lielv. 11, 1209). 

HO[4]v 

Coniferyl alcohol, ^n-methoxy-p-hydroxy-cinnamyl alcohol^ Ivhanol^ 

CITsOIS]*^ 

C6H3*CH:CH*CH20H, is a viscous non-volatile oil. Its glycoside is coniferin 
(Vol. II, p. 357), which is decomposed by emulsin into glucose and coniferyl 
alcohol. It is also obtained from its aldehyde (p. 459) by reduction with yeast 
{Pauly. Ber. 62, 297). On oxidation it gives vanillin, and on reduction, iso- 
eugenol (p. 451). 

✓0[4]v 

Cubebin, CH 2 <^ ^CeHa’CHrCH'CHjOH, m.p. 125°, occurs in cubebs, 

^0[3r 

the fruits of Piper cuheha. 


Ic. Phenyl-acetylene Alcohols 

These are obtained by condensing sodio-phenyl-acetylene suspended in ether 
with trihydroxy-methylene- or homologous aldehydes, or bv the action of caustic 
potash on a mixture of ketones and phenyl-acetylene, or by the action of alkyl 
magnesium halides on phenyl-propargaldehyde or phenyl-acetylene ketones, 
Phenyl-ace^lene alcohol, phenyUpropargyl alcohol. CeH5C:C'CH20H, b.p. 140° 
(12 mm.), is obtained from phenyl-acetylene and formaldehyde by the action of 
ethyl magnesium bromide {Guest, Am. 47, 860), and from the dibromide of 
cinnamyl acetate by the action of alcoholic potash {Bert. C.r. 191, 493). Phenyl- 
propargyl bromide, CeHsC: C • CH 2 Br, b.p. 135° (15mm.) is obtained by the action 
of phosphorus tribromide on the alcohol {Braun, Ann. 458,102). Phenyl-acctyl- 
ene-methyl carbinol, C6H6C:C-CH(OH)CHt, b.p. 149° (29 mm.). Phenyl- 
acetylene-dimethyl carbinol, C^sC:CC(OH) (CHsh, m.p. 53°. Heptinyl-phenyl 
carbinol, CHi(CH 2 )HC;C-CH(OH)C 6 Hi, b.p. 181° (16 mm.), is obtained from 
sodio-heptenyl and benzaldehyde {Klages, Ber. 39, 2554; Moureu, C.r. 132, 
1223; 134, 355; Brachin, Bull. 35, 1163). Phenyl-methyl-ethinyl carbinol, 
CiHjv /OH 

, m.p. 49°, b.p. 102-103° (12 mm.), is obtained from aceto- 

CH/ \C:CH 

phenone and acetylene with sodium or sodamide. When boiled with formic acid 
it is converted into fi^rneihyl-cinruirmUdehyde, C»H6C(CHi) :CH*CHO, {Rupe, 
Helv. 11, 666). 


£a. Phenyl Olefine Aldehydes 

CINNAMIC ALDEHYDE, p-vhenyl-acrolein, CJIi CUiCR CIlO, m.p. 
—7.5°, b.p. 252°, is the principal innedient of cinnamon bark oil from Cin- 
namomum ceyJanicum, and of cassia oil from the leaves and sprigs of Cinnamemum 
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coana, from which it is extracted with sodium bisu^hite. First a sparingly solu¬ 
ble double compound of the formula, CeH6*CH:CH*CH(OH)SOiNa, is formed, 
and then, with another molecule of the bisulphite, sodium sulpho-cinnamalde- 
hyde sulphite, CeHs CHCSOiNa) •CHs-CH(OH)SOgNa + 2 H 2 O, is formed, which 
is soluble in water {Hemler, Ber. 24,1805; Tiemann, Ber. 31,3301). Cinnamyl 
aldehyde is obtained by the oxidation of cinnamyl alcohol, by the dry distillation 
of a mixture of calcium cinnamate and formate, and by the action of hydrogen 
chloride, aqueous sodium hydroxide, or sodium ethylate on a mixture of benz- 
aldehyde and acetaldehyde {Peine^ Ber. 17, 2117; Claisen, Ber. 20, 657). It has 
also been obtained from cinnamyl chloride by catalytic reduction in the presence 
of a partially poisoned catalyst (Itosenm und^ Ber. 56,1481). By reducing phenyl- 
propargaldehyde diacetal, Bourgnel (Bull. 45, 1067) has prepar^ what is believed 
to be the diacetal of an isomeric m-cinnamic aldehyde. Dimeth;d-acetal, b.p. 
126® (11 mm.). Diacetate, m.p. 85® {Thiele, Ann. 306, 263). The reduction 
of cinnamic aldehyde has been studied by Skila (Ber. 48, 1486, 1686); Meer- 
wein (Ann. 444, 221); Verley (Bull. 37, 537); Tuley (Am. 47, 3061); and 
Shivm (Mem, Kyoto, 12, 69). 

Cinnamic aldehyde is an oil with an aromatic odour, and a high refractive index. 
It is volatile with steam. It oxidises in air to cinnamic acid. It adds on chlorine 
and bromide, and the dihalides formed readily go over into a-monochloro- and 
a-monobromo-cinnamaldehydes, CftHs'CHrCX-GHO, m.p. 35® and 72®, respec¬ 
tively {Naar, Ber. 24, 246). Cinnamal dichloride, (JeHsCHiCH-011012. m.p. 
54®, b.p. 143® (30 mm.), behaves as an acid chloride, but combines with chlorine, 
and forms pheuyl-tetrachloro-propane, CeHjCHCl• CHCl• CHCI 2 {Charon, C.r. 
136, 94, 1072). a- and j9-Trithio-cinnamic aldehydes, m.p. 167 and 213®, re¬ 
spectively {Baumann, Ber. 24, 1452). 

Hydrocinnamide, N 2 (CH-CH:CH-C 6 H 6 )g 4 - V 2 HgO, m.p. 106® and 131® 
(anhydrous). Cinnam-phenylhydrazone, m.p. 168®; syn-oxime, m.p. 138.5®; 
the an^i-oxime, m.p. 76®, changes into the .st/n-oxime on treatment with hydrogen 
chloride. The syn-oxime, however, has not yet been obtained free from the anlU 
compound {Bamberger, Ber, 27, 2795; Brady, J. 121,2098). When heated with 
phosphorus pentoxide, the syn-oxime gives isoquinoline {Goldschmidt, Ber. 27, 
2795). With hydrazine hydrate, cinnamic aldehyde forms S-phenyl-pyrazoline 
{Freudenherg, Ann. 440, 38). With nitric acid, snow-white crystals of a fairly 
stable addition-product, m.p. 60-61®, are formed {Reddelien, J. pr. 91, 213), 
The chief product of the action of oxides of nitrogen on cinnamic aldehyde is 

phenyl-nitro-oxazole, 6-N:C(C«H6-)C(N02) :fcH {Wieland, Ann. 328, 196). 

0 -, m-, and 7 >-Nitro-cinnamic aldehydes, m.p. 127®, 116®, and 141®, respec¬ 
tively, are obtained from the nitrophenyl-hydracrylic aldehydes (p. 4:03) {Diehl, 
Ber. 18,2335). 

cx-Methyl-cinnamic aldehyde, CeH6-CH:C(CH8)CHO {Miller, Ber. 19, 526, 
1248). /3-Methyl-cinnamic aldehyde see above, p. 457. Among the homolo¬ 
gous alkyl-cinnamic aldehydes {Heller, Ber. 55, 483; Shorygin, Russ. 62, 2033; 
Br. Pat. 234.458), a,n-amyl-cinnamic aldehyde, C6 HbCH:C(C6Hii)-CHO, b.p. 
140® (5 mm.), is of importance industrially, because it has a strong odour of jas¬ 
mine. especially when diluted. It is known as jasmilan, flosal, etc. It is pre¬ 
pared from benzaldehyde, oenanthol, and dilute sodium hydroxide {Rutmnski, 
J. pr. 119, 272). ot-Phenyl- and a-benzyl-cinnamic aldehydes, m.p. 94-95®, 
and 53-54®, respectively, are obtained from benzaldehyde by the action of 
phenyl-acetaldehyde and. nydrocinnamic aldehyde, respectively {Schorigin, Bor. 
66 , 389). 

Atropic aldehyde, ot-phenyUacrolein, C 6 H 6 C(:CH 2 )-CHO, b.p. 96® (12 mm.), 
is obtained from atropyl chloride through the anilide, the phenyl-imide chloride, 
and reduction with chromous chloride (Braun, Ber. 67, 269). 

7 -Benzyl-crotonic aldehyde, CeHsCHgCHgCHrCHCIIO, b.p. 139® (13 mm.), 
has been prepared from hydrocinnamic aldehyde by the action of acetaldehyde 
{Fischer, Ber. 31, 1993). 

Hydroxyphenyl Olefine Aldehydes 

Compounds with a free hydroxyl-group are obtained by condensing hydroxy- 
benzalaehydes with acetaldehydes by means of dilute alkalis. During the reac- 
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tion, the hydroxyl ^oup must be protected by some group that can easily be 
removed later. Alkoior-compounds are prepared in a similar manner from 
alkoxy-benzaldehydes (Pauly, Ber. 56, 603). o-Coumaric aldehyde, o-hydroxy^ 
cinrbamic aldehyde, HO[2]CeH4*CH:CH*CHO, m.p. 133®, is liberated by emulsin 
from glyco-o-coumaric aldehyde, C«Hn 06 * 0 *CaH 4 CH:CH-CH 0 , m.p. 199®, the 
condensation product of holicin (Vol. II, p. 355) and acetaldehyde (Miller, Ber. 
20, 1931). Its methyl ether occurs in oil of cassia (Bertram, J. pr. 51. 316). 
p-Methoxy-cinnamic aldehyde, p-methyl-coumaric aldehyde, m.p. 134®, b.p. 
170® (14 mm.), has been found in tarragon oil (Daufresne, Bull. Pharm. 15^ 
By further conacnsation with acetaldehyde it is converted into p-rnethoxy^n- 
Twmylidene-acetaldehyde. Both these aldehydes form liquid crystals, m- and p- 
Hydroxyciimamic aldehyde-O-acetic acids, COOH CHjO CelL CHiCH CHO. 
(Elkan, Ber. 19, 3049). ^^Hydroxy-w-methoxy-cinnamic aldehyde, coniferalde- 

hyde, ferulic aldehyde, ^CeHsCHiCH-CHO, m.p. 82.5®, is a decom- 

CHsO[3]/ 

position product of lignin under the atjtion of alkali or acid, and has been synthe¬ 
sised from vanillin (Pauly, Ber. 56, 603 ; 62 , 297; Hoffmeister, Ber. 60, 2062; 
Klason, Ber. 61, 171). For geometrical isomers of comferaldehyde see Ber. 63, 
912. o-Coniferaldehyde, m.p. 131®, is obtained from o-vanillin. 

Piperonyl-acrolein, (CH202)[3,4](JeH3CH:CH-CH0, m.p. ^-85®, is obtained 
from piperonal, acetaldehyde, and sodium hydroxide (Ott, Ber. 55,2662; Lohavs, 
J. pr. 119, 235). See also piperinic acid. 


3, Phenyl Polyolefine Aldehydes 

Cinnamylidene-acetaldehyde, CeHsCHrCH-CHiCH-CHO, b.p. 160--162® (20 
mm.), and 7-phenyl-heptatrienal, CJlsCIIiClI CHiCH-CHrCH CHO, b.p. 
190-195® (16 mm.), are both contained in the higher boiling fractions in the indus¬ 
trial process of preparing cinnamic aldehyde. They are obtained from cinnamic 
aldehyde and acetaldehyde (VorUinder, Ber. 58, 1284 ; 62, 541). o-Nitrocin- 
namylidene-acetaldehyde, N02C6H4*CH:CH*Cfl:CH»CH0, m.p. 153® (Ein- 
horn, Ber. 17, 2026). 


4a, Phenyl Olefine Ketones 

Phenyl olefine ketones are readily obtained by condensing aro¬ 
matic aldehydes with aliphatic ketone containing CHs, or CH 2 R 
groups, in addition to C(5. In general, the phenyl olefine ketones 
formed from mixed ketones have a straight C-chain if caustic soda 
is used as the condensing agent, but a branched chain if hydrogen 
chloride is used {Harries^ Ber. 35, 3088; Stoermery Ber. 35, 3549). 
With an excess of benzaldehyde, dibenzylidene ketones are formed: 

CelLCHrCHUICIL <-CHaCOCHa-► CelLCHiCHCOCIIrCItCalL. 

For colour reactions of a,/3-imsaturatcd ketones, see Reddelien, Ber. 45, 2904. 

Benzylidene-acetone, benzol-acetone, styryl-rnethyl ketone, CaH6*CH:CH*CO*- 
CHa, m.p. 41®, b.p. 202®, is obtained by the distillation of a mixture of calcium 
cinnamatc and acetate; by the condensation of benzaldehyde and acetone with 
dilute caustic soda as condensing agent (Claisen, Ann. 223, 139); from styrene 
and acetyl chloride by means of stannic chloride, when an addition product is 
formed from which hydrogen chloride is removed by means of diethyl-aniline 
(Langlois, C.r. 168, 1052); by the hydrogenation of sy/n-acetylphenyl-acetylene, 
CeHfiCrC‘ 000113 , and in small quantities by the action of methyl magnesium 
iodide on cinnamoiiitrile (Kohler, Am. Oh. J. 35, 386). 

It dissolves in sulphuric acid with an orange-red colour. With mercaptans it 
combines to give raercaptols, and these add on a third molecule of mercaptan to 
the olefine linkage: 0«H60H(SIl)0H20(SR)20Hs (Posner, Ber. 35, 804). With 
alcoholic ammonium sulphide, it gives a dimcri<; henzylidcne-tliioacetone, (CioHioS) 2 , 
m.p. 132®, which gives beautifully crystallising addition products with water, 
acids, and salts (Fromm, Ber. 40, 2982). Bemylidene-acelone-phenylhydrazom, 
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m.p. 158®, readily changes to Ifi^iphenyl^-^neihyl-pyrazoline (Knorr, Ber. 20, 
1099). "Oxime, in.p. 115® {Zelinsky^ Ber. 2(K 923). Its oxide exists in two forms, 
one melting at 53®, and the other a liquid (Ger. Pat. 395,435). On boiling with 
sodii^ hypochlorite, benzylidene-acetone decomposes into chloroform and cin¬ 
namic acid. On reduction, benzylacctone, and diphenyl^ctadione^ are formed, 
the latter being produced by the union of two molecules of the olefine-ketone. 
The homologues of benzylidene-acetone seem to behave similarly (Harries, Ber. 
35, 968, 3089). For its progressive catalytic reduction to phenyl- and hexa- 
hydropheny 1-butanol, see C. 1912, II, 519. Benzal-acetoxime is reduced by 
sodium and alcohol to l-plienyL-Z-arninobxUane^ C 6 HfcCHjCHa(NH 2 )CH 3 , but zinc 
dust and acetic acid only reduce it to l-phenyl-3~aminobutene. CeHbCHiCHCH- 
(NH 2 )CHi. The latter is d(5composed by ozone into benzaldenyde and a-amino- 
propionaldehyde (Harries, Ber. 36, 2997; 37, 615). On nitration, o- and p- 
nitrobenzylidene-acetones^ m.p. 60® and 110®. are formed. o-Nitrobenza 1-ace- 
tone is readily converted into indigo. On reduction it forms quinaUhne, with 
elimination of water (Vol. IV). 

p-Aminobenzylidene-acetone, m.p. 81®, and p-dimethylamino-benzylidene- 
acetone, m.p. 132®, are obtained by condensing amino- and dimethylamino- 
benzaldehydes with acetone. They dissolve in hydrochloric acid with a red and 
yellow colour, respectively, and wool, silk, and cotton, mordanted with tannic 
acid, are dyed by these solutions. 

a- and Y-Benzylidene-methyl-ethyl-ketones, C 6 HbCH:CHCOC 2 H 6 , m.p. 39®. 
and b.p. 142® (12 mm.), and CeHsCHiCCCHsjCOCHa, m.p. 38®, b.p. 127-130*^ 
(12 mm.), and a- and 'y-benzylidene-methyl-propyl ketones, CJIsCII:CHCO- 
C 3 H 7 , b.p. 155® (20 mm.), and C«H 6 CH:C(C 2 H 5 )COCH 3 , b.p. 120® (18mm.),are 
obtained from benzaldehyde and methyl-ethyl- and methyl-propyl-ketones, re¬ 
spectively, using caustic soda or hydrogen chloride as condensing agent. On the 
other hand, benzaldehyde and phenoxy-acetont" with either sodium hydroxide or 
hydrogen chloride give a-benzylidene-phenoxy-acetone, C#H6CH:C(OC*H6)- 
COCH8,m .p. 102®, which undergoes a degradation to a-phenoxy-cinnamic acid 
(p. 484) when treated with alkali hypochlorites (Stocrmer, Ber. 35, 3549). 

Cuminal-acetone (Claisen, Ann. 223, 147). Benzylidene-pinacoline, CeHs- 
CH:CH*C0C(CH8)3, m.p. 41®, b.p. 154° (25 mm.), is obtained from benzalde¬ 
hyde and pinacoline. It adds on malonic ester with formation of a 6-keto-acid 
(Vorldnder, Ber. 30, 2268). 

Phenyl-vinyl-ketone, C«H 6 COCH:CH 2 , b.p. 115° (18 mm.), is a colourless oil 
with a pungent smell. It is obtained (f) by the action of an alcoholic solution of 
potassium iodide on a,/3-dibromo-propiophcnone; (2) from benzoyl chloride 
ethylene oxide, and aluminium chloride (Norris, Am. 42,2392); (3) from phenyl- 
propargyl alcohol (p. 457) by rearrangement with mercuric acetate and acetic 
acid ( Vemis-Danilova, Zh. 2, 645); (4) by the distillation of triphenacyl-methyl- 
amine hydrochloride (p. 400) with steam (Schafer^ Ber. 39, 2187). Its dimethyl- 
acetal is formed from cinnamic aldehyde and sodium methylate, when, as a mat¬ 
ter of fact, the acetal of cinnamic aldehyde would be expected (Straus^ Ann. 401, 
121). In sunlight, or on heating, it readily polymerises. With aluminium chlo¬ 
ride it isonierises to a-hydrindone. It readily combines with hydrogen chloride, 
alcohol, and sodium bisulphite, the double bond being opened. With phenyl- 
hydrazine it gives l,d-dip?ie7iyl-pyrazoUm (Kohler, Am. Ch. J. 42, 375). o- 
Nitrostyryl-phenyl ketone, C6HftC0CH:CHC*H4(2]N02, m.p. 122-123®, is ob¬ 
tained from o-nitrobenzaldehyde and acetophenone using gaseous hydrogen 
chloride as condensing agent. It gives 2-phenyl-quirwline (Vol. IV), on boiling 
with alcoholic hydrogen chloride. 

I^enyi-propenyl ketone, CcHtCOCHrCH-CHj, m.p. 30-21®, b.p. 135® (20 
mm.), can be obtained from crotonyl chloride, benzene, and aluminium chloride, 
and from dibromo-butyrophenone, by the action of potassium iodide (Kohler, 
Am. Ch. J. 42, 375). 

Allyl-acetophenone, C«H 6 CO-CH 2 -CHj»CH:CH 2 , b.p. 236®, is obtained from 
allyl-benzoyl-acetic acid (Baeyer, Ber. 16 , 2132; Heller, Ann. ch. [10], 2, 269). 

4b. Hydroxyphenyl Olefine Ketones 

For the condensation of hydrojQr-aldehydes with acetone, see Glaser, J. pr. 116 , 
331. o-Hydrozy-ben^^lidene-acetone, HO«CiH 4 CH:CH‘COCHi, m.p. 139®, 
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is obtained from salicylaldehyde and acetone, or by the action of emulsin on 
glyco-methyl-o-coumar-kotone, CeHuOf • O • CeHiCH: CH • COCH», m.p. 192®, the 
condensation product of helicin and acetone {Harries. Ber. 24, 3130), For 
homologous o-hydroxy-olefine ketones, see McGookin, J. 127, 2539. m-Meth- 
oxybenzylidene-acetone, b.p. 173® (8 mm.) {Bauer^ J. pr. 88, 329). p-Hydrozy- 
benzylidene-acetone, m.p. 103®, is obtained from p-hydroxy-benzaldehyde, ace¬ 
tone, and hydrogen chloride, but the principal product of the reaction is g,p- 
dihydroxy-dibenzylidene-acetone {Zincke, Ber. 36, 134). o-, m-, and p-Hy- 
drozybenzylidene-acetone-o-acetic acids, m.p. 108®, 122®, and 177® {Elkan, Ber. 
19, 3056). Vanillylidene-, isovanillylidene-, veratrylidene-, piperonylidene- 
acetones, m.p. 130®, 92-93®, 91-92®, 107-108® {Kaufnmnn, Ber. 49, 678). 
4-Hydroay-3-methoxy-phenethyl-r£-Ai-heptenyl ketone, shogaol, H 0 [ 4 ]CH 30 - 
[3)CeH,-CH2-CH,*C0-CH:CH06Ha, b. p. 201-203® (2-2 5 mm.), is together 
with zingerone (p, 353) the essential principle of ginger. It has been synthesised 
from zingerone by the action on n-caproic aldehyde, the OH group being protected 
during the reaction {Noniura^ Rep. Tohoku, 7, 67; Proc. Tokyo, 3, 159). 3,4- 
Methylene-dioxy-hydrocinnamylidene-acetone, CH20*i[3,4] C 6 HiCH 2 CH 2 CH : - 
CHCOCHi, dinitrophenyl-hydrazone, m.p. 147-148®, has been prepared from 
kawa methysticin {Borsche, Ber. 62, 360). 

S. PhenyUacetylene Aldehydes 

Phenyl-propargaldehyde. CeH|C:C*CHO,b.p. 128° (28 mm.), is prepared from 
sodio-pnenylacetylene by the action of ethyl formate in ether {Charon^ C.r. 137, 
125), or better from its acetal. The latter is readily obtained from the acetal of 
a-bromo-cinnamic aldehyde (p. 458) or from phenyl-acetylene magnesium bro¬ 
mide with orthoformic ester, and gives the aldehyde on treatment with dilute 
acids. Phenyl-propargaldehyde is decomposed into phenyl-acetylene and formic 
acid by aqueous alkalis oven in the cold. Its oxime, CeHsC-C-CHrNOH, m.p. 
108®, isomerises under the influence of aqueous alkalis to phenyUisoxazole, and 
with sodium ethylate further to «-cyanoacetophenone, C 6 H 6 CO-CH 2 -CN {Clai- 
sen, Ber. 36, 3670). It gives two stereoisomeric semicarbazones; an unstable 
form m.p. 193®, and a stable form m.p. 132-134® {Auioers, Ber. S8, 2080). 

6. Phenyl-acetylene ketones 

These have been synthesised from sodio-pheiiylacetyleue by the action of the 
esters, chlorides, and anhydrides of acids {Moareu^ C.r. 134, 45). Acetyl- 
phenyl-acetylene, CJIsC-CCOCHa, b.p. 130® (22 mm.), gives benzoyl-acetone 
when treat^ with sulphuric acid, and is decomposed by caustic potash into 
phenyl-acetylene and acetic acid. Butyryl-phenyl-acetylene, CjHtCOC = CCeHs, 
m.p. 136® (9 mm.). Benzoyl-amyl-acetylene, CeHsCOC-CCJIn, b.p. 178® (19 
mm.), gives benzoyl-caproyl-niethanc with dilute sulphuric acid. With primary 
and secondary amines phenyl-acetylene ketones combine to form -substituted 
ethylene-amino ketones, Ar-C(NHR):CH*CO‘Alk, which give jS-diketones 
when hydrolysed {Aridr^^ C.r. 152, 1488), 

7. Phenyl Diolefine Ketones 

The aryl-olefine ketones, Ar(CH:CH)aCO*Alk, tend to resinify {Herzog. Z. 
angew. 35, 641). Cinnamylidene-acetone, C«H6*CH:CH’CH:CH;COCHj, 
m.p. 68®, has been obtained from kawaic acid (p. 485) by heating with dilute 
sulphuric acid {Borsche, Ber. 62^ 371), and by condensing cinnamic aldehyde and 
acetone. Its oxime gives a pyridine derivative when dry distilled. 3,4-Methyl¬ 
ene -dioxy-cinnamylidene -acetone, ' ‘piperonylidene -acetone,' ’ methy sticon, 
(CH 202 )C 6 H, CH:CH CH:CH CO CH,, m.p. 89® {Scholiz, Ber. 28, 1193; 
29, 613). Benzylidene-mesityl oxide, CeH8 CH:CH CO*CH:C(CH3)2, b.p. 
178® (14 mm.) {Claisen, Ber. 14, 351). 

8. Phenyl Olefine Diketones 

Bena^lidene-diacetyl, GcHsCHrCHCOCOCHa, forms yellow leaflets, m.p. 
62-53®. It is obtained from diacetyl-monophenylhydrazone and bcnzaldehyde, 
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the condensation product being decomposed with dilute sulphuric acid (Diels, 
Ber. 44, 883). Cinnamoyl-acetone, CsHrCH : CHCOCH*COCHj, pale-yellow 
needles, m.p. 83-81®, is obtained from methyl cinnamate, acetone and sodium. 
As it dissolves in aqueous potash, it may possess an enolic structure (Ryan, Proc. 
Irish Ac,, 32). 


9, Phenyl Diolejine Diketones 

a-Cinnv^ylidene-acetylacetone, CeHsCH: CHCH: CHCOCH 2 COCH 8 , m .p. 
139-140®, is obtained from ethyl cinnamylidene-acotylacetoacetate (p. 487), the 
condensation product of cinnamylidene-acetyl chloride and sodio-acetoacetic 
methyl ester, which is heated with water at 130® (Borsche, Ber. 60,1137). Its p- 
metho?^ derivative, yangonol, m.p. 93®, is obtained from yangonin, a pyrone 
derivative found in kawa resin, which, when decomposed by alkali, gives a ^,5- 
diketo-carboxylic acid, yangonoic acid. This gives yangonol by loss of carbon 
dioxide. It has been synthesised, starting from p-methoxy-cinnamylidene-acetyl 
chloride, which is combined witn sodio-acetoaoetic ester, and treated as above 
(Borsche, Ber. 60, 2112). 


10. Phenyl Olefine Carboxylic Acids 

Two classes of phenyl olefine carboxylic acids may be distinguished. 
One class is derived from saturated benzene-carboxylic acids, a 
hydrogen atom of the ring being replaced by an unsaturated side- 
eWn, of which vinyl-benzoic acid is an example. The other class 
comprises the phenylated olefine monocarboxylic acids. 

A. PHENYL OLEFINE CARBOXYLIC ACIDS in which the COOH group is 
attached (1) to the ring, or (2) to a saturated side-chain. (/) o-Vinyl-benzoic 
acidj CH2:CH[21C6H4COOn. o-Vinyl-benzoic, acids, chlorinated in the vinyl 
and in the phenyl residue, have been obtained as decomposition products of ehloro- 
derivatives of hydrindein^ and naphthoquinone, (Zinckt\ Ber. 27, 2761; Wisli- 
cenns, Ann. 275, 347). m-VinyUhenzoic acid, m.p. 95®. has been obtained from 
m-amino-styrene {Komppa, Ber. 26, R 677). p-Allyl-benzoic acid, CIL:- 
CHCIh-CttlLCOOH, m.p, 104-105®, is obtained from the magnesium compound 
of p-bromo-allyl-benzene by the action of carbon dioxide. (Qudet, Bull. 45,255). 
0 -, m-, and p-Isopropenyl-benzoic acids, CH 2 :C(CH 8 ) * 0611400011 , melt at 60®, 
90®, and 101® (Meijer, Ann. 219, 270; Kolhe, Ann. 248, 64; Wallach, Ann. 275, 
160). 

(2) o-Vinyl-phenyl-acetic acid, OH 2 : OH • O 6 H 4 • OH 2 • OOOH. Derivatives of 
this acid in which the vinyl residue is chlorinated have also been obtained by the 
decomposition of chlorinated kcto-hydronaphthalenes (Zincke, Ber. 21, 3555). 

B. PHENYL OLEFINE CARBOXYLIC ACIDS in which the 
carboxyl group is attached to an unsaturated side-chain. True 
phenyl olefine monocarboxylic acids can be obtained by the oxida¬ 
tion of the corresponding alcohols and aldehydes, in the same way as 
olefine carboxylic acids are prepared from the paraffin monocarboxylic 
or fatty acids (Vol. I, p. 337), There is, however, a synthetic reaction 
of much greater importance, known as Perkin^s synthesis, which con¬ 
sists in allowing the sodium salt of a fatty acid and the anhydride of 
the acid to react with an aromatic aldehyde. 

History :—^As early as 1856, Bertagnini had stated that cinnamic acid was 
formed when benzaldehyde was heated with acetyl chloride. W. H. Perkin, Sr., 
in 1865, succeeded in synthesising coumarin, the lactone of o-hydroxy-cinnamic 
acid (p. 472) by heating sodio-salicylaldehyde with acetic anhydride. In 1875, 
W. H. Perkin varied this reaction by allowing sodium acetate and acetic anhydride 
to act on salicylaldehyde. In this form Perkin’s reaction has proved to be of 
extraordinarily wide application. It is, indeed, one of the most fruitful nuclear- 
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synthetic reactions known, and a great number of chemists have contributed to 
its development. The mechanism of the reaction has been studied by Baeyer 
and Jackson^ Conrad and Bischoff^ OglialorOj and especially by Fillig and his 
pupils, Jayne and Slocum (Ann. 227, 48). It has been found that: 

1, When an aromatic aldehyde condenses with a fatty acid, the carbon atom 
linked to the carboxyl group links itself to the carbon of the aldehyde group. 

2, The question of whether the aldehyde reacts with the sodium salt, or with 
the arihj'^dride of the aliphatic acid is still open. If the anhydride of one and the 
sodium salt of another acid are u.se<l, as a rule the mixtures of the two possible 
phenyl olefine carboxylic acids are obtained, the composition of the mixture vary¬ 
ing with the conditions {Michael^ Her. 34. 918). 

3, Two pliases of the condensation can be distinguished: (o) the aldehyde and 
the acid combine additively, as in the aldol reaction, to form a /3-hydroxy-acid; 
and (6) this /8-hydroxy-acid loses water, and an olefine carboxylic acid is formed. 
In some cases the first phase of the reaction has been fixed: 

(а) C^Hs CHO 4 -CH3COOH -> C«llB CH(OH).Cn2 COOH. 

( б ) CJTsCH(OH)CH 2 -COOH C.HaCH:CH-COOH. 

The yield of unsaturated acid is greatly increased in the presence of pyridine 
(Bacharachf Am. 50, 3333; U. S. Pat. 1,853,030), and if pyridine is used the 
sodium acetate can be dispensed with. Other tertiary bases are equally effective, 
and the explanation has been offered that they enolise the acid anhydride and thus 
enable it to add on to the aromatic aldehyde; further, the addition product is 
enolised and the acid is thus liberated. Hence the reaction would consist of the 
following stages: (I) the acid anhydride enolises; (2) the aldehyde adds on to 
this enol; (.8) the addition product enolises; (4) the acid is liberated from the 
enol; and (5) the residual molecule changes to an unsaturated acid (Kahiin, 
Helv. 11, 977): 

CHaCOv CH 3 -COv Ar.ciio CH 3 CO—O 

\o - yo -I - * 

CIIjCO/ CH 2 :C< ArCOCHrCOH 

Ndh H 


ICHaCO;—O j-O 

Ar-c: oh; :CH-(!; 0H ArC:CH-i-OH—» ArCHrCHCOOH. 

H t.ii 

For the theory of Perkin's reaction see also Muller^ Ann. 491, 251; Kiihn, Ber. 
64,2347; Kcdnin, ibid., 29dd; Brodski, 7th. 2, S14. 


Another synthetic method of making the phenyl olefine carboxylic 
acids is due to Claisen (Ber. 23, 976; see Stoermer, Ber. 36, 1933; 
Scheibler, Ann. 445, 141; Marvel, Org. Synth. 9, 38). It consists in 
condensing aromatic aldehydes and aliphatic esters by means of 
sodium ethoxide or sodium: 

C,Hs CHO + CHjCOOCjH, % C.B^ CHtCH COOr^H,. 

Another method, originally worked out for aliphatic compounds, con¬ 
sists in condensing aromatic aldehydes and acids or esters with a reac¬ 
tive CH, group, such as malonic acid and its estera, acetoacetic ester, 
ete., using ammonia, or primary, secondary, or tertiary bases as con¬ 
densing agents. If malonic acid is used, carbon dioxide splits off in 
the course of the condensation, and unsaturated monobasic acids are 
formed directly (Knoevenagd, Ber. 32, 2596; 33, 2140). 
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PHENYL-ACRYLIC ACIDS. Theory indicates the existence of 


two isom'erides, a- and j8-phenyl-acrylic acids, 
as cinnamic and atropic acids: 

C,H.CH:CHCOOII 


They are also known 



COOH 

CH* 


^-Phenyl-acrylic acid 
or cinnamic acid 


ot-Phenyl-acrylic acid 
or atropic acid 


Cinnamic acid, jS-phenyl-acrylic acid, CgHb-CHiCH COOH (for 
its steric formula, see p. 465), m.p. (^rans-form) 133°, b.p. 300°, occurs 
in balsam of Peru, and balsam of tohi, in storax (see ciimamyl alco¬ 
hol, p. 456) and in certain benzoin resins. Together with a- and 
truxUlic and allo-cinnamic acids it is found among the acids formed in 
the decomposition of the cocaine alkaloids. 

Methods of formation: —Cinnamic acid is obtained: (!) by the 
oxidation of its alcohol and aldehyde; (JB) by the reduction of phenyl- 
propiolic acid with zinc and acetic acid (Aronsteiny Ber. 22, 1181); 
(S) by nuclear synthesis from sodium acetate, acetic anhydride and 
benzaldehyde (Perkin^s synthesis) or from benzaldehydc and ethyl 
acetate and sodium ethylate (see above); (4) by heating benzylidene 
chloride with sodium acetate (this reaction has been used indus¬ 
trially) ; (5) from benzylidene-malonic acid (p. 488) by the action of 
heat; (6) its phenyl ester is obtained by heating phenyl-fumarate 
(p. 197). Cinnamic acid is also obtained (7) from synthetic jS-phenyl- 
hydracrylic acid by loss of water; and (8) industrially by the action 
of sodium hypochlorite on benzylidene-acetone (Schorygin, Zh. 1,506). 

Phenyl-propiolic acid gives trans-Hnnnamic acid when reduced with sodium and 
alcohol, or zinc and acetic acid, but the cis-acid almost entirely on catalytic reduc¬ 
tion (Paalf Ber. 42, 3931; Fischer^ Ann. 386, 380). 

Properties and reactions: —Cinnamic acid crystallises in slender needles from 
hot water, and in thick prisms from alcohol. There are two crystalline modifica¬ 
tions : the a-form is diamond-shaped and stable, and the /3-form is needle-like, 
and unstable. Both have the same m.p., 133®, and are mutually convertible 
(Stohbe, Ber. 58, 2415; de Jong, liec. 49,216). It dissolves in 3500 parts of water 
at 17®, and readily in hot water. It can be purified by distillation in a good 
vacuum, or by crystallisation from petroleum benzine {Miller,'Aim, 188, 194). 
The cinnamates give a yellow precipitate with ferric chloride. 

Several compounds of cinnamic acid are used as drugs in the treatment of tuber¬ 
culosis. 

On oxidation with nitric or chromic acid, cinnamic acid gives benzaldehyde and 
benzoic acid, and with permanganate it gives phenyl-glycerolic acid, m.p. 141® 
(p. 419). It breaks down into benzoic and acetic acids when fused with potash. 
As an unsaturated acid it readily adds on hydrogen, hydroxylamine, hydrogen 
bromide and iodide, bromine, chlorine, and hypocmorous acid, with the formation 
of hydrocinnamic acid (p. 294), ^-hydroxylamino-, /9-bromo-, / 8 -iodo-hydrocin- 
namic acids (p, 418), phenyl a,j 8 -dichloro- and phenyl-a,^-dibromo-propionic 
acids, the dichloride and dibromide of cinnamic acid, and /3-phenyl-a-cnloro- 
lactio acid (p. 420). Cinnamic acid reacts with normal and acid sulphites, 
adding on NaHSOf across the double bond, and forming sulphonates (BougauU, 
O.r. 156, 396). 

Derivatives of cinnamic acid. Its methyl ester, m.p. 33®, b.p. 263®, occurs in 
various essential oils. Ethyl ester, ds- m.p. 90®, b.p. 125® (12 mm.); trans- 
m.p. 91®, b.p. 142® (12 mm.) {Auwers^ J. pr. 84, 84). Phenyl ester, m.p. 72®. 
m.p. 72®, b.p. 206® (15 mm.), see cinnamic acid. Catechol ester, m.p. 129"^ 
(Anschutz, Ber. 11 . 1220 ; 18, 1945; Hartmann, Ber. 25, 3533). Guaiacol ester, 
styraeole, m.p. 142*^ (AngelettL Giom. Farm. 82, 361). Benzyl ester, m.p. 30®, 
found in the oil of Balsam of Peru (Kraut, Ber. 2, 1 ^). Styryl ester, styradn. 
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m.p. 14®. Chloride, m.p. 35®, b.p. 154® (25 mm.). Anhydride, m.p. 130® 
(Liebermann^ Ber. 27, 284). Amide, m.p. 142®. Anilide^ m.p. 151*. The 
nitrile is obtained from benzaldehyde and cyanoacetic acid with pyridine as con¬ 
densing agent, the product being heated to remove carbon dioxide. It is known 
in two stereoisomeric forms: cis- m.p. —13®, b.p. 115® (12 mm.); and trans* 
m.p. 23®. b.p. 129® (12 mm.) {Ghoaez, Belg. 41, 477). Dicinnamoyl peroxide, 
m.p. 133* (decomp.), is prepared from cinnamyl chloride and alcoholic hydrogen 
peroxide. It gives percinnamic acid, C«HsCH:CH-COaH, with sodium ethylate 
{Bodendorf, Ber. 66, 165). 


Unstable and Polymorphous Modifications of Cinnamic Acid 

Like the ^-alkyl-acrylic acid (Vol. I, p. 343), the 3-phenyl-acrylic acids are 
known in stable and unstable stereoisomeric forms. The latter are called allo- 
cinnamic acids. Allocinnamic acid itself has the very remarkable property of 
existing in four chemically identical but crystallographically different forms, 
which are interconvertible by simply melting and crystallising (Biilmann, Ber. 
42, 182, 1443). Their m.p. are 32® (Weygand, Ber. 65, 694), 42® (Erlenmeyer's 
isocinnamic acid), 58® (Liebermann’s isocinnamic acid), and 68® (Liebermann's 
allocinnamic acid by the older nomenclature). The acid of m.p. 32® is the least 
stable of them all. It is obtained from the melt and has a life period of only a 
few minutes. The acid of m.p. 42® is also unstable. With certain precautions 
it can be obtained from the melt and from the solution of all three acids, and also 
by precipitating the solutions of cinnamates with acids (lAebermarm, Ber, 42, 
4659; 43, 411). It is the primary product in any reaction giving rise to the allo¬ 
cinnamic acids. It is very readily converted into the latter, particularly the most 
stable of them (m.p. 68®), e.g,, by contact with the smallest trace of a crystal of 
thein. Allocinnamic acid, in one or other of the three relatively stable forms, 
obtained: (1) by the partial reduction of phenyl-propiolic acid (p. 478) with 
hydrogen and colloidal palladium (Paal, Ber. 42, 3930); (2) by the reduction of 
allo-a- and -3-bromocinnamic acids with zinc dust and alcohol; (3) by exposing 
a solution of ordinary cinnamic acid to ultraviolet rays (Stoermer, Ber. 42, 4869); 
and (4) together with a good deal of ordinary cinnamic acid by heating benzyli- 
dene-malonic acid. The acid of m.p. 58® was first detected among the decom¬ 
position products of the cocaine alkaloids, ordinary cinnamic acid being also pres¬ 
ent. Allocinnamic acid, m.p. 68®, forms an aniline salt. m.p. 83®, which is 
sparingly soluble in ligroin. Its addition products with cnlorinc ana bromine. 
allocinnamic dichloride and dibromide (p. 420) arc diflerent from those obtained 
with ordinary cinnamic acid. It is converted into ordinary cinnamic acid by dis¬ 
tillation at ordinary pressure, or by the action of cone, sulphuric acid, or by ir¬ 
radiation in benzene in the presence of a little iodine. It is oxidised by perman¬ 
ganate to phenyl-glyccrolic acid, m.p. 122® (p. 419). It reacts differently from 
ordinary cinnamic acid with fuming sulphuric acid. It loses water and readily 
polymerises to truxone {JAehermaym, Ber, 28, 1446; 31, 2095). These reactions 
of allocinnamic acid, and especially its formation from phenyl-propiolic acid and 
3-bromo-allocinnamic acid, are regarded as evidence for assignin'^; a maleinoid or 
cifi-structure to 3-phenylacrylic acid. Ordinary cinnamic acid must therefore be 
the fumaroid or trana-form.: 


H—C—C«H, H—C—C«H, 

HOOC—H—i!>—COOH 

Ordinary cinnamic acid Allocinnamic acid 


This view is also supported by evidence drawn from the behaviour of the o- 
hydro3^-cinnamic acids (p. 473) whose steric configuration can be deduced from 
their different tendency to lose water; also by the fact that allocinnamic acid 

forms an addition product with mercurjr salts, CeHjCH(OH)Cllilg Co6, while 
cinnamic acid fails to do so. Observations with other cis-irans isomeric olefine 
dicarboxylic acids {Biilmann, Ber. 43, 568) seem to show that this reaction is 
peculiar to the maleinoid forms. 

The heat of combustion of cis-cinnainic acid, m.p. 68®, is 1048 kcal. and that 
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of the ^rans-acid is 1041 kcal. The dissociation constants are 0.0138 and 0.00355, 
re^ctivdy. 

The view that the allocinnamic acids were polymorphous and chemically identi¬ 
cal has been particularly advocated by de Jong (Rec. 48, 1098 ; 49, 216), because 
the three allocinnamic acids known at that time were found to form one and the 
same double compound, the so-called ‘‘triclinic double-salt^' with ordinary {trans) 
cinnamic acid. This view has been challenged bv Stohhe (Ann. 402, 187; Ber. 
58, 2859), who found the solutions and melts and their mixtures to show differ¬ 
ences, and has investigated the systems solid/liquid and solid/solid. On this 
evidence he bases the view that the 68° acid is monomorphous and chemically 
isomeric with the acids of m.p. 58° and 42°. The former is always homogeneous, 
while the latter two are mi^ures of two or three acids. These are chemically 
different from each other as well as from the ordinary acid m.p. 133°. This view 
is also supported by the fact that bromine is added on by the different allocinnamic 
acids at different rates {Meyer, Z. physik. Ch. 145, 360; c/., however, Robinson, 
J. 1933, 1453). Weygand (Ber. 65, 695) has studied the behaviour of the four 
acids under the polarisation microscope, and the rate of their mutual conversions, 
and he also criticises de Jong’s proof of polymorphism. 

WTien exposed to light, solid ordinary cinnamic acid dimerises to oc-truxillic 
acid, and allocinnamic acid to ^-truxic acid (Vol. II, p. 41). The «-acid 
occurs together with jS-, y-, and 6-truxUlic acids in the cocaine alkaloids. On dis¬ 
tillation, both these dimeric acids give ordinary cinnamic acid, but on irradiation 
with short-wave ultra-violet light each of them regenerates the acid from which it 
was formed. It is noteworthy that the change of cinnamic to truxillic acid does 
not imply any change of energy; the heat of combustion of the two acids is the 
same (Riiher, Z. physik. Oh. A, 48, 345). 


Cinnamic Acids Substituted in the Side-chain 

(a) PhenyUrnonohalogeno-acrylic acids. Although structural theory predicts 
the existence of two isomeric phcnyl-monochloro-acrylic acids, in fact, each of 
these structural isomers is known in two stereo-isomeric modifications (see above). 
They are usually distinguished as «- and /3-chloro-cinnamic and allo-a- and -i3- 
chlorocinnamic acids {Michael, J. pr. 40, 63; Erlenrneyer, Ann. 287, 1). For 
their intcrconversions on irradiation, sec Sloermer, Ber. 46, 1249; for the separa¬ 
tion of the stereoisomeric a-halogeno-cinnamic acids, see Bougault, Bull. 21, 172. 

<x-Fluoro-cinnamic acid, CflH6CH:OF*COOH, m.p, 157.6°, is obtained by the 
action of benzaldehyde on fluoro-acotic acid {Swarts, Bull. 25, 325). 

a-Chloro-cinnamic acid. Cells*CH:CC1*COOII, m.p. 139°, is obtained {!) 
from phenyl-a,/3-dichloropropionic acid by the action of alcoholic potashj {2) 
from benzaldehyde by the action of sodium monochloroacetate and acetic anhy¬ 
dride; (3) from phenyl-a-chlorolactic acid by the action of sodium acetate and 
acetic anhydride; and {4) from its aldehyde by oxidation with chromic oxide, 
CrOa (iVemr, Ber. 24, 249). Alio -a-chloro-cinnamic acid, m.p. 112-114°. is ob¬ 
tained as a by-product in method (/). iS-Chloro-cinnamic acid, CjHs • CCl: CH • - 
COOH- m.p. 142°, and allo-/3-chloro-cinnamic acid, b.p. 132.5**, are obtained by 
the addition of hydrogen chloride to phenyl-propiolic acid. 

a-Bromo-cinnamic acid, C«H6 CH:CBr-COOH, m.p. 131°, and allo-a- 
bromo-cinnamic acid, m.p. 120° (Glaser's /3-bromo-cinnamic acid), arc obtained 
from phenyl-a,/3-dibromo-propionic acid by the action of alcoholic potash {Sud^ 
borough, J. 83 , 666). The second of these compounds is converted on heating 
into a-bromo-cinnamic acid (which has a higher m.p.), and by reduction with 
zinc dust and alcohol gives allocinnamic acid. On oxidatiom both acids give 
benzaldehyde. jS-Bromo-cinnamic acid, CeHsCBrrCH'COOH, m.p. 135°, and 
allo-/3-bromo*cinnamicacid, m.p. 160°, are formed together when phenyl-propiolic 
acid adds on hydrogen bromide. The allo-acid cnang^s to iS-bromo-cinnamic acid 
on heating, which is in this case the lower melting isomer. On reduction the allo- 
acid gives both cinnamic and allocinnamic acids. 

a-lodo-cinnamic acid. CaH6CH:CI'COOH, m.p. 162-163°, white leaflets, and 
allo-a-iodo-cinnamic acid, m.p. 110-111°. are obtained from phenyl-pyruvic acid 
by the action of iodine and potassium ioaide in caustic soda (BougauU, Bull. 21, 
46). For ot-cyano-cinnamic acid, m.p. 183°, and other /3-aryl-a-cyano-acirylic 
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acids, which are obtained from cyanoacetic acid and aromatic aldehydes, see Arch. 
Pharm. 271, 294. 

(5) Phenyl-dihalogeno-acrylic acids. These are obtained by adding on the 
halogens to phenyl-propiolic acid, cis-^,/3>dichloro-cmiiamic acid, CeH&-CCl:- 
CCl'COOH^ m.p. 121 ®; ^rans-acid, m.p. 101 ®. cis- and irans-Qr,i 8 -Dibromo- 
cinnamic acids, m.p. 100® and 136®. cis- and ^mws-a,j9-Diiodo-^innamic acids, 
m.p. 121 ® and 171® (Stoermer, Ber. 46, 1249). Ethyl a,i9-dinitro-cinnamate is 
obtained from ethyl phenyl-propiolate by the action of nitrogen peroxide at 0 ®; it 
exists in an oily form, thought to be the m*-compound, and a solid form, m.p. 66 ®, 
which would be the Imns-form (fVudand, Ber. 53, 1343). a- and /J-Sulpjihydryl- 
cinnamic acids, C 8 H 6 CH:C(SII)COOH and CJI^CCSH) :CIICOOn, iri.p. 179® 
and 110 ®, have been prepared from benzylidene-thiocyanic acid, CeHsCHrC- 
(SH)-CO-SCN (Ginshurg^ Ber. 19, 123), and from the addition product of 
phenyl-propiolic acid and thiourea (Fischer, Bor. 47, 2469). 

(c) cK-i^ino-cinnamic acid, C«H 5 • CH: C(NH 2 ) • COOH, decomposes at 240- 
250® when rapidly heated, phenyl,-vinylamiric being formt^d. Its hydrochloride 
is obtained from benzoyl-amino-cinnamic azlactone (see below) by the action of 
hydrogen chloride at 120 ®, and the free acid is precipitated from the liydrochloride 
with sodium acetate or carbonate. The amide of an isomeric-a-arnino acid, m.p. 
160®, is formed by the action of ammonia on phenyl-dibromo-propionic or a- 
bromo-cinnamic esters (Baucke, Re<i. 15, 128). The formula given above is un¬ 
certain. Possibly the dcsmotropic formulation as a phenyl-pyruvic imide, 
C 6 H 6 CH 2 *C(NH)C 00 H, is better for both a-amino-cinnamic acid itself and its 
derivatives. 

ce-Acetamino-cinnamic acid, CeHs*011:0(NHCOCH 3 )-COOH -f 2 H 20 ^ m.p. 
100 ® (anhydrous; decomp.), is obtained by the action of caustic soda on its az- 

00—0 

lactone. a-Acetamino-cinnamic azlactone, OelBOHrCi-NrC'CHs, m.p. 146®, is 
obtairu'd by the action of acetic anhydride on phenyl-a-aminolactic acid, and from 
hippuric acid and benzaldehyde under the action of sodium acetate and acetic 
anhydride (p. 301). c^-Benzoylamino-cinnamic azlactone, m.p. 165®, is obtained 
by the condensation of hippuric acid and benzaldehyde with sodium acetate and 
acetic anhydride. When heated with dilute alkalis, it is converted into a- 
benzoylamino-cinnamic acid, 06 H 5 CH:C(NIIC 006 H 6 ) 000 H, and this decom¬ 
poses above its m.n. (225®) with the formation of phenyl-a(!etaldehyde, and with 
excess alkali breaxs down into benzamidc and phenyl-pyruvic acid (p. 428) 
(Erlenmeyer, Ber. 33,2036). p-Hydroxy-benzoylamino-cinnamic azlactone, m.p. 
173®, is obtained from p-hydroxy-benzaldehyde by the action of hippuric acid, 
etc. ; the corresponding acid gives benzoyl-tyrosine with sodium amalgam. 

Cinnamic Acids Substittded in the Benzene Residue 

These compounds are isomeric with the derivatives of cinnamic acid in which 
one of the substituents is in the side-chain. 

(/) MONOHALOGENO-CINNAMIC ACIDS have been prepared from the 
three nitro-ciniiamic acids (Gabriel, Ber. 16, 2040; Griess, Ber. 18, 961; Miersch, 
Ber. 25, 2109); also from p-chloro- and p-hromo-benzyl chlorides and malonic 
ester (Braun. Ber. 66 , 1467). 

0 -, m-, and p-Chloro-cinnamic acids, m.p. 200 ®, 176®, and 264-265®. 

0 -, W-, and p-Bromo-cinnamic acids, m.p. 215-216®, 178®, and 249-250®. 

0 -, m-, and p-Iodo-cinnamic acids, m.p. 213®, 181®, and 255®. 

(2) NITRO-CINNAMIC ACIDS (Wollnng, Ber. 47, 108). When cinnamic 
acid is slowly added to nitric acid of density 1.5, p-nitro-cinnamic acid, and 60% 
of o-nitro-cinnamic acid are formed. These can be conveniently separated by 
making use of the different solubilities of their ethyl esters in alcohol, that of the 
p-acid being the less soluble. The pure esters are then hydrolysed with sodium 
carbonate or dilute sulphuric acid, and the acids thus obtained (Midler, Ann. 212 , 
122; Drewson, Ann. 212 , 150; Fischer, Ann. 221 , 265). The three isomeric 
nitro-cinnamic acids can also be prepared from the three mononitro-benzaldehydes 
(p. 275) by Perkin’s reaction (p. 462). 

0 -, m-, and p-Nitro-cinnamic acids, m.p. 240®. 203-204®, and 286®. 

0 -, m-, and p-Ethyl nitro-cinnamates, m.p. 44*, 78®, and 133®, 
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Allo-o-nitro*cinnainic acid, m.p. 143®, is obtained by exposing the ordinary acid 
to light {SioermtT, Ber. 45, 3099;. 

On oxidation, the three nitro-cinnamic acids give the throe nitro-benzaldehydes 
(p. 275) and the three nitro-benzoic acids (p. 319). 

On further nitration of c-, wi-, and p-nitro-cinnamic acids, dinitro-cinnamic 
acids, containing one iiitro-group in the side-chain are formed (see below). 
Dinitro-cinnamic acid, (N02)2[2,4]C«H8CH:CHC00H, m.p. 179®, is obtained 
from o,p-dinitro-benzaldehyde (p. 276) by Perkin^s reaction, m- and p-Nitroso* 
cinnamic acids decompose at 230® and 220® {Always Am. Ch. J, 32, 392). 

Cinnamic Adds Substituted both in the Benzene Nucleus 
and in the Side-chain 

a,m-Dinitro-cinnamic acid, N02[3]C«H4*CH:C(N02)C00H, is obtained from 
ethyl-m-nitrocinnainate by the action o/ nitric and sulphuric acids, and a,p- 
dinitro-cinnamic acid is obtained in a similar manner from p-nitrocinnamic acid 
(Friedldnder, Ann. 229, 224; cf, p. 445 under w,p-dinitrophenyl-ethylene and p. 
415 under p-amino-phenylaLinine). a- and ^-Nitro-o-amino-cinnamic acids, 
m.p. 240® and 254®, are obtained from o-amino-cinnamic acid. a-Chloro-p- 
nitro-cinnamic acid, m.p. 220-221®, is obtained from a-chloro-cinnamic acid by 
nitration, or from p-nitro-dichloro-hydrocinnamic acid by boiling with pyridine. 
AUo-a-chloro-p-ni^o-cinnamicacid, m.p. 153-154°. a-Chloro-p-amino-cinnamic 
acid, turns brown at 219® without melting. It is obtaiiKni from the nitro-acid by 
the action of ammoniacal ferrous sulphate. AUo-a-chloro-p-amino-cinnamic acid 
forms an aceto-compound, m.p. 197-198® (Pfeiffer^ Ber. 47, 1755). For a- and 
i3-bromo-772-nitro-cinnamic acids, see Pfeiffer^ above, and tteich^ Arch. Gen6ve, 
45, 191. 

(5) AMINO-CINNAMIC ACIDS are obtained from the three mono-nitro- 
cinnamic acids by reduction with tin and hydrochloric acid, or better with ferrous 
sulphate in alkaline solution (Gabriel, Ber. 15, 2294; Fincher, Ann. 221, 266). 
0 -, m-, and p-Amino-cinnamic acids, m.p. 158®, 181®, and 176®. The halogeno- 
cinnamic acids described above are obtained from their diazo-compounds by 
boiling with halogen acids, and o-, m-, and p-coumaric acids are obtained if the 
diazo-compounds are boiled with water. Methyl-p-amino-cinnamate is a local 
anaesthetic. For Irons-dimethyl-amino-cinnamic acid, and the trimethyl betaine 
of the irans-p-amino-acid, see Pfeiffer, Ber. 55, 1777. 

Formation of carhostyril .—Unlike o-amino-hydrocinnamic acid, free o-amino- 
cinnamic acid does not anhydridise when heat^; it behaves similarly to o-cou- 
maric acid. If, however, it is heated with hydrochloric acid (Tiemann, Ber. 13, 
2070) or 50^g sulphuric acid (Feer, Ber. 18.2395), an internal anhydride is formed. 
This anhydride is carhostjnilj discovered oy Chiozza in 1852. He obtained it by 
reducing o-nitro-cinnamic acid with ammonium vsulphide. It can be formulated 
either as a lactam or a lactim: 

,11]CH:CH y[l]CH:CH 

lactam formula I or lactim formula C 6 H 4 <r / 

\ [2INH CO \ [2 ]N: C(OH) 

Viewed in accordance with the second formula, carhostyril is simply o-hydroxy- 
quinoline, and it will therefore be dealt with in Vol. IV in connection with quino¬ 
line. The alkyl compounds derived from both formulae will also be dealt with in 
Vol. IV. 

o-Benzoylamino-cinnamic acid, CeHiCONH-CeHiCHiCHCOOH, m.p. 192®, 
is an oxidation product of N-benzoyl-tetrahydro-quinaldine (Walter, Ber. -25, 
1263), o-Ethylamino-cinnamic acid, m.p. 125® (Friedldnder, Ber. 15, 1423). 
Its nitrosamine, m.p. 150® (decomp.), condenses to ethyl-iaindazole-acetic acid on 
reduction. 

(4) o-Hydrazino-cinnamic acid, NH 2 NH-C#H 4 CH:CH-COOH, m.p. 171®, 

✓CHv 

with decomposition into indazolo, CeH 4 <f ^ ^N (Vol. IV) and acetic acid, o- 

Sulphohydrazino-cinnamic acid, SOiH‘NH'NH-C 6 H 4 CH;CH-COOH, is ob¬ 
tained from o-diazo-cinnamic hydrochloride by the action of sodium sulphite. 
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With hot hydrochloric acid it breaks down into o-hydrazino-cinnamic acid and o- 

/[IJCHrCHCO 

hydrazino-cinnamic lactam, CeH 4 <; / , m.p. 127® (Fischer, Ann. 

\[2]N(NH2) 

221, 274). 

(o) CINNAMIC SULPHONIC ACIDS are obtained by the action of fuming 
sulphuric acid on cinnamic acid (Rudner, Ann. 174, 8). The m-compound has 
been synthesised from m-benzaldehyde sulphonic acid (p. 280). p-Cinnamic 
sulphonic acid loses sulphonic acid groups in reduction and becomes hydrocin- 
iiamic acid (Moore, Am. 25, 622). 

HOMOLOGOUS CINNAMIC ACIDS (Auwers, Ann. 413, 253). Cinnamic 
acids alkylated in the nucleus are obtained by the condensation of alkylated benz- 
aldehydcs with sodium acetate and acetic anhydride. The three tolylaldelwdes 
give 0 -, m-, and p>methyl-cinnamic acids, m.p. 169®, 115® and 196®. With 
hydroxylamine these acids first form normal addition products, /3-hydroxylamino- 
cinnainic acids, which then disproportionate giving /3-amino- and /3-isonitroso- 
derivatives of niKileus-methylated dihydro-cinnamic acids; finally either water or 
carbon dioxide is lost with the formation of isoxazolones, in the case of the former, 
and acetophenone oximes in the latter (Posner, Ber. 57, 1127). Cuminal gives p- 
cumenyl-acrylic acid, (CHa)2CH(41C«H4CH:uHCOOH; when this is nitrated it 
gives p- and o-nitrocumenyl-acrylic acids. The last-named acid shows reactions 
similar to those of o-nitro-cinnamic acid (Widmann, Ber. 19, 255). 

a-ALKYLATED CINNAMIC ACIDS are obtained by the condensation of benz- 
aldehyde with sodium propionate, butyrate, caproate, etc., and acetic anhydride 
(Fithg, Ann. 227, 57; Michael, Ber, 34, 918). Their <mns-forms have been ob¬ 
tained by the oxidation of methyl-(«-alkyl)-styryl ketones with sodium hypo- 
(ihlorite. The styryl ketones arc reaction products of benzaldchyde and alkyl- 
acetones (Rinne, Naturw. 18, 8il7). 

a-Methyl-cinnamic acid, CflH 5 CH:C(CIIi)COOH, m-form, m.p. 91®, two 
<mns-foims, m.p. 82® and 74®, b.p. 288®, is also formed by the action of sodium 
on benzyl propionate (see p. 290), and by loss of water from a-methyl-/3-phenyl- 
ethylene-lactic acid (p. 418) (EdeUano, Ber. 20, 617). /3-Phenyl-angelic acid, 
a-ethyl-cinnamic acid, C«H6*CH:C(C»H6)COOH, m.p. 107® (Claisen, Ber. 23, 
978). a,n-Propyl-cinnamic acid, m.p. 93®; a,n-amyl-cinnamic acid (Rinne, 
Naturw. 18, 837). «-Vinyl-cinnamic acid, m.p. 92®, is obtained by the condensa¬ 
tion of benzaldehyde and crotonic anhydride in the presence of trimethylamine, a 
migration of the double bond occurring (Kuhn, Ber. 64, 2347). 

/3-ALKYL-CINNAMIC ACIDS are obtained by removal of water from /9,/3- 
aryl-alkyl-hydracrylic acids, which are themselves the condensation products of 
aromatic ketones and bromoacetic ester, using zinc as condensing agent, or iodo- 
acetic ester, using magnesium as condensing agent (Schroeter, Ber. 40j 1589; 
Lindenhauvi, Ber. 50, 1270). When exposed to light, the /3-alkyl-cinnamic acids 
are converted into the stereoisomeric allo-acids. 

^-Methyl-cinnamic acid^ C.HsGXCH,) :CHCOOH, m.p. 98.5®, b.p. 167® (11 
mm.), anilide, m.p. 121®, is obtained from dypnone oxime by means of the Beck¬ 
mann transformation (Henrich, Ber. 37, 733). /3-Ethyl-, /3-n-propyl-, /3-iso¬ 
propyl- and /3-i8obutyl-cinnamic acids, m.p. 95.5®, 96.5®, 94®, and 85.5®. /5- 

Methyl, /3-ethyl-, and /3-n-propyi-allocinnamic acids, m.p. 131.5°, 93®, 86.5® 
(Stoermcr, Ber. 50, 959). 

HIGHER PHENYL OLEFINE CARBOXYLIC ACIDS. These are obtained 
from lactone-carboxylic acids by loss of carbon dioxide on heating, or from 
phenyl diolefinc carboxylic acids on reduction, 

St^^l-acetic acid, /3-benzylidene-propionic acid, or ‘^phenyl-isocrotonic acid,” 
C6H6-CH:CH-CH2*C00H, m.p. 86®, b.p. 302® with partial decomposition into 
water and a-naphthol, is obtained from phenyl-paraconic acid (p. 436) by loss of 
carbon dioxide and rearrangement (Kipping. J. 75, 144), from phenyl-cyclo- 

/CHCOOH 

propane-tricarboxylic acid, CgH 6C(COOH)<^ I , by heating (Buchner, 

^CHCOOH 

Ber. 25, 1155), and from phenyl-acetaldehyde and malonic acid by warming with 

{ lyridine. In the last reaction the phenyl-ethylidene-malonic acid first formed 
OSes carbon dioxide and the double bond migrates (Vorldnder, Ann. 345, 244). 
It combines with hydrobromic acid giving r-phenyl- 7 -bromobutyric acid, and this 
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on treatment with sodium carbonate solution gives phenyl-butyrolactone. 
Styryl-acetic acid is also partly converted into butyrolactoiie by dilute sulphuric 
or hydrochloric acid, but with concentrated hydrochloric acid it condenses to a 
polymeric monohydric lactone acid, m.p. 179®. For syntheses carried out with 
styryl-acetic acid and mixed Grignard reagents, see fvanoffy C.r. 197, 1230. a- 
and /J-Methyl-styryl acetic acids, m.p. 110® and 112® (Filiigy Ann. 255, 262). 
7 -Phenyl-crotonic acid, CeH^CHjCHiCHCOOH, m.p. 65®, is obtained from a- 
halogeno-phenyl-crotonic acids (Bougaulty C.r. 163, 481). 7 -Benzyl-A*-crotonic 
acid. C«Hb'CH 2 -CH:CH*CH 2 *COOH, m.p. 31®, is obtained from jS-styryl- 
acrylic acid (p. 480) by the action of sodium amalgam, or from A*- or A^-cinnamyli- 
dene-malonic acids on heating. a-Benzyl-crotonic acid, CeHeCH^C (: CH • CHa) - 
COOH. m.p. 99®, is obtained from a-benzyl-/3-hydro:jtyDutyric acid. 

The behaviour of those phenyl olefine carboxylic acids towards alkalis is note¬ 
worthy. AVhile the aliphatic /3,7-unsaturated acids change, in the presence of 
alkali, to df,/3-unsaturated acids (Vol. I, p. 340), the aromatic olefine-carboxylic 
acids show at the same time a tendency for the double bond to migrate towards the 
phenjl group (c/. the change of A*- to A^-styrenes, p. 443). Thus, with caustic 
soda, 7 ^benzyl-A*-crotonic acid gives a mixture of A^- and A®-acids (Kizber, Ber. 
38, 1^42); 7 -phenyl-crotonic acid on simply warming with pyridine is almost 
completely converted into styryl-acetic acid (see above), a reaction which is 
partly reversed on boiling with caustic soda (Fittigy Ann. 283, 309). a-Benzyl- 
crotonic acid gives phenyl-angelic acid when fused with caustic potash (FichteVy 
J. pr. 74, 334; Thiele, Ann. 319, 144; Farmer, J. 1933, 962). 

CbHbCH : CH«CH 2 • CH 2 • COOH <-CaHsCHa • CH: CH • CH 2 COOH-► 

A’-acid, m.p. 90® A*-acid, m.p. 31® 

/3-Styryl-propionic acid 'y-Benz.vl-A*-crotonic acid 

CfiHBCIIa • CHsCH; CHCOOH 

A^-acid, m.p. 104® 

/J-Phenyl-ethyl-acrylic acid 


CbHbCHiCH-CH a-COOH . CeHBCHjCHrCH-COOH 

Styryl-acetic acid, m.p. 86® 7 -Pheiiyl-crotonic acid, m.p. 65® 


C,HiCH2C(;CHCHs)COOH - *■ C.HsCH:C(CH,CH,)COOH 

a-Bonzyl-crotonic acid, m.p. 99® ^-Phenyl-angelic acid, m.p. 107® 


j3-Styryl-propionic acid has been obtained by the distillation of 5-phenyl-5- 
valerolactone- 7 -carboxylic acid. 

a-Halogeno-phenyl-crotonic acids, C 6 H 6 CH 2 CH:C(Hlg)COOH, are obtained 
from a,a^ihalogeno-phenyl-butyric acids by warming the aqueous solutions of 
their senium salts. 


a-Bromophenyl-crotonic acid, m.p. stable form 96®, unstable form 100®. 
cK-Iodophenyl-crotonic acid, m.p. stable form 105®, unstable form 100® (Bow- 
gaulty C.r. 163, 481). 

yCOOH 

Atropic acid, a-phenyl-acrylic acid, C6HeC<C , m.p. 106-107®, is a struc- 

CH2 

tural isomer of cinnamic acid. It is obtained from tropic acid (p. 413), and from 
atrolactinic acid (p. 413) by heating with hydrochloric acid or baryta. It is 
sparingly soluble in cold water, but dissolves readily in carbon disulphide, ether, 
and benzene. It is volatile with steam. It forms benzoic acid when oxidised 


with chromic acid, and gives a-toluic and formic acids when fused with potash. 
It is converted into hydratropic acid by the action of sodium amalgam, and with 
hydrochloric acid and hydrobromic acid, it gives chloro- and bromo-hydratrbpic 
acids (p. 414). It combines with hydroxylamine forming /3-hydroxylamino-a- 
phenyl-propionic acid (p. 295) (Posner, Ann. 389,1). Like cinnamic acid it adds 
on sulphites to form salts of the sulphonic acid,' CbH 6 CH(C 00 H)CH 2 S 03 H 
(Mtddery Rec. 50, 719). When fused, or heated with water or hydrochloric acid 
for some time, it forms two dimeric isatropic acids, diatromc acids, (C 9 Hg 02 ) 2 , 
m.p. 237® and 209®, which are related to atropic acid probably in the same way as 
the tnixillic acids are to cinnamic acid (lAehermann, Ber. 28^ 137). For the 
formulae of the isatropid acids, their interconversions, and their resolution into 
optical antipodes, see Smith, C. 1919,1, 835. 
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/3-Chloro-atropic acid, C«H6C(:CHCl)COOH, m.p. 119-120'’, is obtained from 
hydroxymethylene-phenylacetic ester (p. 422) by the action of phosphorus penta- 
chloride {Wislicenus, Ber. 51, 1366). 

yCOOB. 

a-Benzyl-acrylic acid, CaHsCHaC^ , m.p. 68-69®, is obtained from 

^CIl2 

benzyl-malonic ester and monochloro-methyl ether by the action of sodium, by 
boiling the benzyl-methoxy-methyl-malonic ester first formed with acetic acid and 
hydrochloric acid (Simonsen, J. 117, 564). 

^COOH 

Methyl-atropic acid, a-phenyl-crotonic acid, C6H6*C<^ , m.p. 135®, is 

^CHCHs 


obtained by the action of acetic anhydride on a mixture of phenylacetic acid and 
paraldehyde {Oglialoro, Gazz. 15, 514). 

a-Vinyl-phenylacetic acid, C 6 H 5 CH(CH:CH 2 )COOH, m.p. 23-24®, is formed 
by the action of carbon dioxide on cinnamy 1-magnesium chloride, a migration of 
the double bond occurring {Gilman. Am. 53, 3541). Allyl-phenylacetic acid, 
C 6 H 6 CH(CH 2 Cn:CH 2 )COOH, m.p. 34®, b.p. 260®, has been prepared from 
phenyl-ally!-malonic acid, «and its nitrile has been obtained by the action of 
sodium hydroxide on a mixture of benzyl cyanide and allyl iodide {Wislicenus^ 
Ber. 29, 2601). 


11. Ilydroxyphenyl Olefine Carboxylic Adds 

In this group, as in that of the phenyl olefine carboxylic acids just 
dealt with, a distinction should be drawn between saturated hydroxy- 
phenyl carboxylic acids, in which ope atom of the benzene ring is re¬ 
placed by an unsaturated group, and hydroxyphenyl fatty acids of 
which the side-chain contains a C: C linldng. 


I. Hydroxyphentl Carboxylic Acids Alkylenated 
IN THE Nucleus 


Just as the allyl group of the phenpl-allyl ethers breaks its attach¬ 
ment to oxygen on heating, and migrates into the nucleus (p. 193), the 
allyl ethers of aromatic hydroxy-carboxylic acids and their esters 
undergo a similar change, giving hydroxy-acids with the allyl group 
in the nucleus (Claisen, Ber. 45, 3157; Ann. 401, 60): 

/COOCjHe /COOC2H6 

C«H4< -CJIs^OH 

^OCaHj \C8H5 

(J-Allyl-«alioylic ester C-Allyl-salicylic ester 

Owing to the fact that they possess a free OH group, these esters 
dissolve in alkalis, give the ferric chloride reaction, and can be allyl- 
ated a second time in the OH group. In the ring the allyl group 
occupies the free o-position relative to the phenolic oxygen; it is 
converted into propenyl by caustic potash, and into the propyl 
group by reduction. This reaction has been studied chiefly in con¬ 
nection with salicylic acid. 

C-Allyl-salicylic acid, m.p, 96®; ethyl ester^ b.p. 142® (12 mm.). C-Propenyl- 
salicylic acid, m.p. 158®. Allyl-guaiacol^rhoxylic acids have been prepared by 
Claisen and have been used by him for the synthesis of p- and o-eugenol (Ann. 
418, 69). 

When citral (Vol. II, p. 204) is condensed with malonic ester and the product is 
treated with sodium ethylate^ a phenol-carboxylic acid with an unsaturated 
group attached to the nucleus is obtained. It is 3-isoamenyl-4-methyl-8alicylic 
acid, CH,[4]C3H6CH2CH2[3]C6H,[2]0H[1]C00H, m.p. 167® (see p. 26). 
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11. Hyduoxyphenyl Carboxylic Acids with a Double Bond 

IN THE Side-chain 

A. MONOHYDROXY-PHENYL OLEFINE CARBOXYLIC 
ACIDS. Formation: These acids are obtained (/) from the corre¬ 
sponding amino-phenyl olefine carboxylic acids by boiling their 
diazo-compounds in water (Fischer^ Ber. 14, 470); or (2) by synthesis 
from phenoJ-aldehydes by heating them with a sodium salt and an 
anhydride of a fatty acid (Perkin’s reaction). The internal anhy¬ 
drides, or 5-lactones of o-hydroxy-cinnamic acid, known as the cou- 
marins, are obtained by the following syntheses devised by Fechmann 
(Ber. 34, 378, 421, 660): (3) the action of sulphuric acid on phenol 
and malic acid, when presumably the semi-aldehyde of rnalonic acid 
is the primary product, and then condenses with the phenol {Simonisy 
Ber. 4r8, 1583); and (4) the action of sulphuric acid or phosphorus 
pentoxide on phenols and acetoacetic or monoalkyl-acetoacetic 
esters. Phenol itself gives only a small yield of methyl-coumarin 
with acetoacetic ester, but polyhydric phenols, especially those con¬ 
taining two OH groups in the m-position, react more smoothly than 
the simple phenols (Borsche, Ber. 40, 2731): 


/H -h C00H CH(0H).CH2 

(S) r.”1 I 

. H HO • CO 

L.J 

.H -f CHa CO-CIL 

U) CallZ r.-if - 

^O . H C 2 H 5 O • CO 


/[1]CH=CH 
CellZ I 

\I210— CO 

Coumarm 


/[1]C(CH,)=CH 
C.H«< I 

\rain-O 


'[ 2 ] 0 - 
^-M<*thyl-couniunn 


10 


The first members of the series of hydroxyphenyl olefine mono- 
carboxylic acids are the monohydroxy-cinnamic acids, which are ob¬ 
tained from the three amino-cinnamic acids by method (1), The 
o-hydroxy-cinnamic acids are particularly important. These, like 
cinnamic acid itself, exist in two stereoisomeric forms each. The o- 
coumaric adds correspond to the stable <rans-form, and the coumarinic 
acids to the unstable m-form. Free coumarinic acids are usually 
unstable, and by spontaneous loss of w'ater form their 5-lactones, 
known as coumarins. Salts, and mono- and di-alkyl ethers of cou¬ 
marinic acids, are known, and are isomeric with the corresponding 
derivatives of the o-coumaric acids. 

The members of the coumarin ring are numbered in two ways: 





<old method) 
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In what follows, the old system will be used because of the relationship 
between coumarin and o-hydroxy-cinnamic acid. The new system is 
n general use for the flavylium compounds (Vol. II), derived from 
coumarin. 


Sometimes the salts and ethers of coumarin are called or-coumarates and those 
of o-coumaric acid, jS-coumarates. 

By substitution of the hydrogen atom which in coumarin occupies the o-posi- 
I ion to the phenolic oxygen atom, a nitro^coumarinic acid is obtained, which can 
be liberated from its salts, and is aistinguished from free 3-nitro-coumaric acid by 
the ease with which it loses water and forms 3-nitro-coumarin. The follo\dng 
steric formulae have therefore been suggested for o-coumaric and coumarinic 
acids, in order to explain the different tendencies of the acids to lose water (but 
see Anschutz^ Ann. 254, 181). 


HCCOOH HCCOOH 

hoc,h.I;h hI;cji40h 

o-Cournaric acid Coumarinic acid 


HC-CO 

Coumarin 


Like cinnamic acid (p. 465) the stable o-coumaric acids and their derivatives 
are readily converted into the labile coumarinic acids by ultra-violet light, t.c., by 
a suitable supply of energy. Thus o-coumaric acid gives coumarin directly 
(Stoermer, Ber. 44, 637). On boiling with dilute mineral acids, or under the 
influence of iodine in carbon disulphide, the O-alkyl-coumarinic acids change to 
the high-melting 0-alkyl-coumaric acids {Michael, Am. Ch. J. 36, 552). An 
ortho-quinoid formula, O: C 6 H 4 : CH • CH 2 * COONa, has been suggested by Jordan 
and Thorpe (J. 107, 387) for the yellow salts of unsubstituted coumarinic acids. 

When o-coumaric acids in the solid state are exposed to light they dimerise and 
become bis-coiimaric acids, which correspond to the truxillic acids {Strom, Ber. 37, 
1383). 


o-Hydroxy-cinnamic acid, o-coumaric acid, HO[ 2 ]C 6 H 4 CH:CH - 
COOH, m.p. 208°, is isomeric with hydrocoumarilic acid, phenyl- 
pyruvic acid, etc. It occurs together with o-hydrocoumaric acid in 
nielilot, Meliloius officinalis, and in faham leaf from Angraecum fra'- 
grans. It is obtained from o-amino-cinnamic acid through the diazo¬ 
compound, and from coumarin by boiling with concentrated caustic 
potash, or better, sodium ethylate {Miller, Ber. 22, 1714). Its acetyl 
compound is obtained from sodio-salicylaldehyde and acetic an¬ 
hydride (p. 472). 

o-Coumaric acid dissolves readily in hot water and alcohol. It is 
not volatile with steam. It does not form coumarin when heated, 
although ac.eto-o-coumaric acid, obtained by the action of acetic 
anhydride or acetyl chloride, does. It is converted by sodium amal¬ 
gam into o-hydrocoumaric or melilotic acid (p. 365) and alkalis de¬ 
compose it into acetic and salicylic acids. 

2- Methoxy-cinnamic acid, methyl-o-coumaric acid, CH 3 O[ 2 ] C 6 H 4 [ 1 ]CH: CH • 
COOH, m.p. 185““186°, i.s obtained from salicylaldehyde-methyl ether by the 
action of sodium acetate and acetic anhydride, and from methyl-coumarinic acid, 
m.p. 93.6° by rearrangement (p. 474). It is converted by sodium amalgam into 
methyl-cther-melilotic acid, and by bromine into methyl-ether-dibromomelilotic 
acid. With methyl alcohol, its amide, m.p. 194-195°, gives the cis- and trans- 
methyl esters of o-methoxy-styryl-carbamic acid ( JVeerman, Rec .37,1). Methyl- 
2 -methoxy-cinnamate. CH, 0 [ 2 ]C 5 H 4 [ 1 ICH:CH C00CH.,, b.p. 293°, is ob- 
tained from the chloride by the action of methyl alcohol. Aceto-o-coumaric acid, 
CH,C 0 ' 0 [ 21 C«H 4 CH:CH-C 00 H, m.p. 149°, is obtained from salicylaldehyde, 
a(;etic anhydride and stxiium acetate (see coumarin). 

3- Nitro-coumaric acid, NO,[ 3 ]CJIj[ 2 ](OH)CH:CH COOH, is obtained by 



474 


HYDROXYPHENYL CARBOXYLIC ACIDS 


digesting its dimethyl ether with caustic soda. Unlike 3 -nitro-coumarinic acid, it 
is not decomposed by hot water, alcohol, or hydrogen bromide. Its methyl-ether 
acidf m.p. 193^, is obtained from 3-nitro-salicylaldehyde methyl-ether or from its 
dimethyl-ether ester^ m.p. 88°, by the action of sodium carbonate (see above). 
The last-named compound is obtained from the silver salt of the methyl-ether acid 
by the action of methyl iodide {Miller, Ber. 22, 1710). 

.[1]CH:CH 

Coumarin, benzo-a-pyrone, C 6 H 4 <f | , m.p. 70°, b.p. 

\2]0 —CO 

290°, is a constituent of glucosides found in woodruff, Asperula 
odorata, and in tonka beans from Dipteryx odorata^ melilot, Melilotus 
officinalis, and in many other plants. In the laboratory it iwS obtained 
(1) by heating aceto-o-coumaric acid, the reaction product of acetic 
anhydride and sodio-salicylaldehyde, or of acetic anhydride and 
sodium acetate and salicylaldehyde {W. IL Perkin, Sr,, Ber. 8, 1599; 
Ann. 147, 230); {2) from phenol and malic acid with sulphuric acid 
(p. 472); (5) from phenol and fumaric or maleic acid, with concen¬ 
trated sulphuric acid or zinc chloride (Ger. Pat. 338,737); {JO from 
phenol or a phenol-sulphonic acid and maleic acid with dimethyl sul¬ 
phate (Ger. Pats. 362,751/2); (5) from dihydrocournarin (p. 365) by 
dehydrogenation with sulphur or chlorine (Ger. Pat. 276,667); {6) 
from coumarin-carboxylic acid (p. 488) by heating (Ger. Pat. 189,- 
252); (7) from jS-chloro- and jS-bromo-coumarins (see below) by reduc¬ 
tion. It has the fragrance of woodruff and is used in the tobacco 
industry and for the preparation of perfumes and essences. 

Coumarin is fairly soluble in hot water, and freely in alcohol and ether. Tt dis¬ 
solves in caustic potash with a yellow colour, a coumarinate being formed, from 
which solution coumarin is precipitated even by carbon dioxide. When boiled 
with concentrated caustic potash it is converted into a coumaratc^ It is reduced 
by sodium amalgam in aqueous solution to melilotic acid, and with sodium and 
alcohol to o-hydroxy-cinnamyl alcohol {Sernmler Ber. 39, 2856; Auwers, Ann. 
415, 98). With two molecules of a phenol in tne presence of zinc chloride, it 
condenses to the so-called coumareins, the lactone ring being opened: phenol- 
coumarein, HO[2]aH4CH:CH C(OH)(C«H4[4]OH)2, m.p. 103-105'^ {Krishna, 
J. 119, 1420). With benzene and aluminium chloride, coumarin gives ^-phenyl- 
a,iS -dihydrocournarin, m.p. 82° {King, Am. 49, 562). When coumarin vapours 
are passed through a tin-{)lato tube at 860°, coumarone (Vol. IV) is first formed 
{Orlow, Ber. <53, 2948). In sunlight it dimerises to hydro-dicoumarin. 

/OOC COOv 

C 6 H 4 <^ I I yC6H4, m.p. 258°, When warmed in aqueous-alcoholic 
OII2 * • CHj 

solution with potassium cyanide, hydrocyanic acid is added on, and hydrolysis of 
the compound gives o-hydroxy phenyl-succinic acid (p. 435) {Bredtj Ann. 293, 
366). For the action of alkyl-magnesium halides and phenyl-magnesium halides, 
see Houhen, Ber. 37, 389; Decker, Ann. 356, 295; 3(54, 1; for that of bisul¬ 
phite, see Dodge, Am. 38, 446). 

Methyl ether of coumaxinic acid, m.p. 88°, and methyl ether of methyl cou¬ 
marinate, b.p. 275°, obtained by heating sodium coumarinate and methyl iodide 
at 150°. Both are converted into the corresponding derivatives of o-coumario 
acid by heating, and conversely are obtained from these by irradiation with 
ultra-violet light. Coumaroxime, m.p. 131° {Tiemann, Ber. 19, 1662), is ob¬ 
tained by the action of hydroxylamine on thiocoumarin. 

Coumarin bromide, C9H602Br2, m.p. 105°. is obtained from coumarin by the 
action of bromine in carbon disulphide. With alcoholic potash it gives a-bromo- 
/[l]CH:CBr 

coumarin, CeH 4 <( I , and both, on boiling with alcoholic potash, give 

\ 2 ] 0 —CO 
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coumarilic acid (Vol. IV). For the action of iodine, or iodine and potassium 
iodide on coumarin, see Simonis, Ber. 50, 1139; Dox. Am. 39, 114. Thion- 
/[1]CH:CH 


coumarm, 


CaMZ ' ' I 
\[2]0—Cl 


IS 


, m.p. 101®, golden yellow needles, is obtained from 


coumarin or o-coumaric acid by the action of^lia|phorus pentasulphido ( Tiemann, 

Ber. 19, 1661). Thiol-coumarin, C 6 ll 4 <; I , m.p. 80°, is obtained from o- 

S— CO 

mercapto-cinnamic acid by loss of water. It possesses a pleasant odour of cou- 

< CH i CH 

I , wine-red 

s—cs 

crystals, m.p. 104°, is obtained by the action of phosphorus pentasulphide on 
thiol-coumarin (Simonis, Ber. 49, 763). 

/UlCHiCH-00011 

3 -Nitro-coumarinic acid, NO 2 [ 3 ] Cellav , wlicn rapidly 

\[210H 

heated melts and loses water at 150°, but when gently warmed in water or alcohol, 
it forms its anhydride, S-nitro-coumarm from which it can be regenerated by boil¬ 
ing with sodium carbonate. It forms long yellow prisms. Its silver salt gives 
th(» methyl ether of 3-nitro-coumarinic acid methyl ester with methyl iodide. 

HOMOLOGOUS COUMARINS. a-Alkyl-coumarins are obtained by method 
(sB ), p. 472, the anhydrides and sodium salts of propionic, butyric? and isovaleric 
acids being used as starting materials; or from a-alkyl-malic acids by method (5). 
/9-Alkyl-coumarins are prepared from phenols and acetoacetic ester with sul¬ 
phuric acid {Pechmanrij Ber. 17, 2188), by method (4) . a-Alkyl-thion-coumarins 
have been prepared from the a-alkyl-coumarins and phosphorus pentasulphide, 
and a-alkyl-oumaroximes have been prepar'd from them by the actioi^o^^y- 

droxylamine (Aldntigen^ Ber. 24,3459). a-Methyl-coumarin, C 6 H 4 <; I , 

^O-CO 


,C(CHa):CH 

m.p. 91°; iS-methyl-coumarin, C6H4<C I , m.p. 82° (Pcchmann, Ber. 

\0-CO 

34, 421); the former smells like coumarin, and is destroyed by permanganate, 
while the latter is odourless and is hardly affected bv permanganate {Angeli, 
Gazz. 61 276). 

For other homologous couraarins, see Fries, Ber. 39, 871; Ann. 362, 1; 379, 
90; Chuit, Bull. 35, 76; Peters, Ber. 41, 830; Anschutz, Ann. 367, 232; Clayton, 
J. 93, 2016; Posner, Ber. 46, 3816; Bailey, Ind. Eng. 13, 905; Wittig, Ber. 57, 
88; Muller, Ber. 58, 2202; Canter, J. 1931,1255; Robertson, J. 1931, 2426; (Ger. 
Pat. 338,737). 

For dicoumarins such as 


OC 


CH, CH, 


CO 

I 

CC.H, 


which are obtained from diaceto-resorcinol and sodium phenyl-acetate, see C. 
1932, II^ 1430. 

p-Ammo-jS-methyl-coumsurin, mono- and dimethyl-amino-jS-methyl-coumarin, 
m.p. 230°, 123° and 143°, are obtained from amino-, methyl-amino-, and di- 
methyl-amino-phenol and acetoacetic ester (Pechmann, Ber. 30, 277; 32.3690). 

m-Cotimaric acid, HO[3]C6H4 CH:CH-COOH, m.p. 191°, occurs in xan- 
thorrhoea resins, etc. It has been prepared from m-amino-cinnamic acid and 
from m-hydroxy-benzaldehyde (Tiemann, Ber. 15, 2049; Gabriel, ibid,, 2297). 
For nitro-m-coumaric acids, see Luff, Ber. 22, 292. o-Amino-m-conmaric acid 
has been obtained by the electrolysis of o-nitro-cinnamic acid (flattermanu, Ber. 
27, 1936). 
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p-CoumariQ acid, HO[4lC6H4CH:CH-COOH, m,p. 206®, is obtained (/) 
from p-amino-cinnamic acid; (£) from p-hydroxy-benzaldehyde (Kanek, Ber. 
51,8 ^); (S) by boiling extract of aloes with sulphuric acid (Bigcl, Ber. 20,2528); 
and (4) by the decomposition of the glucoside naringin (Vol. IV). ^mns-Methyl- 
p-coumaric acid occurs in the oil of Andropogon odoratus, and has been synthe¬ 
sised from anisaldehyde. It forms liquid crystals and consequently possesses two 
melting points: liquid-crystalline, m.p. 171®, and isotropic, m.p. 186® (Stoer- 
meTy Ber. 44, 639). The cf s-acid melts at 65®. a-Benzoyl-ammo-p-cotimaric acid, 
see p, 416. The p-methoxyphenyl and p-ethoxyphenyl esters of p-methoxy-cin- 
namic acid also form liquid crystals ( Vorldnder, Z. Kryst. 79, 61). 

When phenol-alkyl ethers of coumaric acids are treated first with hvdrobromic 
acid and then with aqueous sodium carbonate, they lose carbon dioxide and form 
ethers of unsaturated phenols, cf. o- and p-vinyl-anisolo, p. 449. This reaction 
recalls the formation of styrene from 5-bromo-hydrocinnamic acid (p. 443). 
i8,p-Methoxyphenyl-methacrylic acid, CH80f41C«H4C3H:C(CH3)C00H, m.p. 
154®, is obtained from anisaldehyde and propionic acid; when heated it decom¬ 
poses into carbon dioxide and anethole (p. 450). 

B. DIHYDROXY-PHENYL OLEFINE CARBOXYLIC ACIDS. 

Among the known dihydroxy-cinnamic acids the most important 
are: caffeic acidy 3,4-dihydroxy-cinnamic acid, which corresponds to 
protocatechuic acid (p. 365), and umbellic acid, 2,4-dihydroxy-cin¬ 
namic acid. Both these compounds, and their simple derivatives are 
found in plants, or are among the decomposition products of vegetable 
substances. Also, 3-methyl-caffeic or fenilic acid can be converted 
into vanillin (p. 347). 

Caffeic acid. /3-3,4-dihydror7-phenyl-acrylic acid, 3,4-dihydroxy-cinnamic acid, 
and its methyl and methylene ether acids are reduced to hydrocaffeicj acid and its 
ether acids (p. 369), and oxidised to protocatechuic acid and its ethers. When 
the aceto-derivatives of the two methyl-ether caffeic acids are oxidised with per¬ 
manganate, the first products are the aceto-compounds of the two methyl ether 
protocatechu-aldehyaes. Conversely caffeic acid and its ether acids have been 
synthesised by Perkin’s and Knoevenagel’s reactions (p. 463). Caffeic acid and 
its ether acids give protocatechuic and acetic acids when fused with potash. 

/ [1ICH: CH • COOH / [I ]CH: CH • COOH / [1JCH: CH • COOH 

C«H,^[310H 3 IOCH 3 CfAlZ-mOH 

\[4]OH \[4]OH \[410CH8 

Caffeic acid, Fenilic acid, ni.p. Tsoferalic acid, m.p. 228®, 

m.p. 220-223® gives vanillin gives isovaniLlin 

Caffeic acid is formed when chlorogenic acid (Vol. II, p. 136) is boiled with 
caustic potash. It occurs in cowbaue, Cicuta virosa {Hofmann^ Ber. 17, 1922), 
and in the leaves of Anihernis nobilis. the true camomile {Power^ J. 105, 1829). 
Its solution gives a green colour with ferric chloride, which turns dark red on 
addition of sodium carbonate. A very delicate reaction is the vermilion colour ob¬ 
tained when an acidified solution of caffeic acid is added to an aqueous solution of 
an alkali nitrite {Hoepfner, Ch. Ztg. 56^ 991). 

Ferulic acid, m^nethoxy-p^hydroxy^nnamic addy occurs in Asafoetida resin 
and has been obtained from vanillin (Arch. Pharm, 269, 331), and from m- 
methoxy-p-nitro-cinnamic acid, which is obtained by the action of nitric acid on 
ethyl-m-metho?y-cinnamate (Ger. Pat. 32,914). Acetyl compound, m.p. 196®. 

Isoferulic acid, m-hydroxy’^^meih^xy'-dnnamic addy keaperitinic add. was first 
obtained as a decomposition product of the glucoside hesperitin (Vol. IV). It has 
been prepared by Robinson (J. 1931, 3163) from isovanillin and malonic acid in 
the presence of pjrridine, and by mauthner (J. pr. 104, 132) from m-nitro-p- 
methoxy-cinnamic acid. By partial methylation of caffeic acid, both these ethers 
are obtained, isoferulic acid being the chief product. Acetyl-compound, m.p. 
199®. Dimethyl-caffeic acid, (CH,0)2[3.41C.H5CH:CH C00H, m.p. 181® 
(Tiemanny Ber. 14, 959; Perkin, J. 85. 159). Piperonyl-acrylic acid, (CH 2 O 2 )- 
[3,4] C«HjCH:CH»COOH, m.p. 242® (Feuerstein, Ber. 34, 1469). Its isobutyl- 
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amide, fa>garamide, m.p. 119-120® (Vol. II, p. 406) is found in the oil from the 
root of a rutacea, Fagara xanthoxyloides. Diaceto-caffeic acid, (CHjC02)2[3,4]- 
CeHaCHiCH COOH, m.p. 190® {Tiemann, Ber. 11, 656). 

For caffeic acid derivatives containing two different acyl groups and for the 
migration of acyl groups which takes place on their partial hydrolysis, see Pacsu, 
Ber. 59, 2818; 62, 2974, and p. 370. 

a>Homocaffeic acid, SA-dikydroxy-a-methyl-cinnamic add, m.p. 193®. Its 
monomethyl ether acid, homoferulic add, (CH*0)(0H)[3,4]C6H8CH:C(CHj)- 
COOH, m.p. 168®, gives iaoeugenol (p. 453) when heated with lime {Tiemann, 
Ber. 15, 2063). 

a-Hydropiperic acid, (CH202)[3,4]C(^H,CH2‘CH:CH*CH2COOH, m.p. 78®^ is 
obtained from piperic acid (p. 481) by the action of sodium amalgam. On boiling 
with caustic soda it rearranges to i^-hydropiperic acid. (CH 2 O 2 ) [3,4] CeHi-0112 •- 
CH 2 • CH: CH • COOH, m.p. 131®. When this is actea upon by sodium amalgam 
it gives the so-called piper-hydronic add, (011202) [3,4]C«H [CH 2 ] 4 COOH, m.p. 
98^ (p. 369). 

Umbellic acid, 2 ,4t^ihydroxy-dnnamic add, (HO)2(2,4] CeHg • CH: CH • COOH, 
decomp, about 240®, is obtained from umbelliferone by boiling with caustic pot¬ 
ash. 2,4-Dimethoxy-cinnamic acid, m.p. 184®, has been synthesised from 
dimethyl-resorcy 1-aldehyde by Perkin's reaction {Perkin, J. 85, 159). 

✓ [ 1 ] CH! CH 

Umbelliferone, A-hydroxy^coumarin, HO[4]C«Hs<^ ^ , m.p. 240®, 

fluoresces in solution {Meyer, Ber. 31, 513; Kunz, ibid., 1189). It is found in 
the bark of Daphne mezereum., and among the distillation products of various 
umbellifera resins such as Galbanuni and Asafoetidxi. It has been synthesised 
from jS-resorcylalaehyde by method {2), and from resorcinol and malic acid, or 
fumaric or maleic acid, by method (5) {George, Soc. South Agr. 13, 255). It smells 
like coumarin, and behaves in a similar way towards caustic potash, with which 
it gives a blue fluorescence {Day, J. Indian Chem. Soc. 8, 817), The isomerism 
of its alkyl ethers is similar to that of o-coumaric acid and coumarin (p, 474) {Will, 
Ber. 19, 1778); its methyl ether, herniarin, m.p. 117-118°, occurs in oil of 
lavender, in Hemiaria hirsuta, etc. {Power, J. 105, 2285). 

/3-Methyl-umbelliferone, ^-hydroxy-fi-methyl-coomarin, resocyanin, HO[4]- 
.[1]C(CH,):CH 

CJIrC I , m.p. 185®, is obtained from resorcinol and acetoacetic 

\2]0 -CO 

ester, or aceto-cyano-acctic ester with sulphuric acid, and also from p-amino- 
methyl-coumarin (p. 475) {Held, C r. 116, 720). When fused with cau-^tic pot¬ 
ash it gives resacetopheiione (p. 352). Its ethyl ether, m.p. 115®, which is pre¬ 
pared in a similar manner from resorcinol-monoethyl ether has a taste of maple 
sugar (U. S. Pat. 1,934^361). Umbelliferone and methyl-umbelliferone h^ave 
been used as fluorescent indicators in volumetric analysis (Rohl, Ber. 59, 1725; 
Malovan, Ch. Ztg. 57, 755). For nitro- and amino-methyl-umbelliferones, see 
Peehm.ann, Ber. 34, 660. /3-Dimethyl-umbelliferone^ m.p. 256°, {id., Ber. 16, 
2127). Analogous compounds are obtained from oremol by methods {3) and 
(4) (p. 472) {id., Ber. 17, 1649, 2188). 

Two coumarin derivatives with unsaturated alkyl side-chains occur in Impera- 
toria ostruthiurn. They are osthole, S-A^-isoamenylA-meihoxy-coamarin and 
osthrutin, 5-isononadienylA-hydroxy-<:oumarin. These and their degradation 
products are dealt with in Vol. II, p. 499. 

2,5-Dihydroiqr-cinnamic acid, m.p. 207®, is obtained from «-coumaric acid by 
the action of permanganate in alkaline solution {N’eubaiier, Physiol. 52, 375). 

3^-Dihydrozy-cinnamic acid, m.p. 244-245° (with H 2 O), has been prepared 
by Perkin's method from diacetyl-a-resorcylaldehyde {Asahina, Pharm. Japan, 
1924). 5-Metho^-3-hydroxy-cinnamic acid, m.p. 198-199°, is obtained from 
the corresponding aldehyde, m.p. 130®, by the action of malonic acid and 
piperidine {Mauthner. J. pr. 116, 314). 

3-Hydroxy-coumann, m.p. 280-285°, and 5-hydroxy-coumarin, m.p. 249®, are 
obtained from pyrocatechol and hydroquinono by the action of malic acid and sul¬ 
phuric acid {Bizzari, Gazz. 15, 33); the 5-derivative is also formed w’^hen cou¬ 
marin is oxidised by potassium persulphate in the presence of ferrous sulphate 
( Bargellini, Gazz. 45 ,1,90). 3-Methoxy-coumarin, m .p. 89 ®, has been obtained 
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from o*vanilliQ by Perkin^s reaction (Arch. Pharm. 253, 33). 6-Hydroxy-/3- 
methyl-coumarin, m.p. 243®, is obtained from hydroquinone, acetoacetic ester 
and sulphuric acid (Borsche. feer. 40, 2731). 

C. TRIHYDROXY-CINNAMIC ACIDS. Two 5-lactones of trihydroxy- 
cinnamic acids, daphnetin, S,4i-dihydToxy~coumarin, m.p. 255®, and aesculetin, 
^fS-dihydroxy-coumarinf m.p. 268-^0®, are the aromatic constituents of the iso¬ 
meric glucoddes daphnin^ aescuUn (Vol. II, p. 358), and cichorin (Arab. Pharm. 
270, 476). The one has been synthesised from pyrogallaldehyde and the other 
from hydroxy-hydroquinone-aldehyde (p. 350) by the action of acetic anhydride 
and sodium acetate (Galtennaim, Bor. 32^ 287). The corresponding trihydroxy- 
cinnamic acids, aesculetinic and daphnetmic acids, are known in the form of tlieir 
ether acids or ether esters. The triethyl ethers are oxidised by permanganate to 
trietho^gr-benzoic acids, which lose carbon dioxide and are converted into tri¬ 
ethoxy-benzenes (Tiemann, Ber. 15, 2082; Will, Ber. 17, 1086; 20, 1119). 

Dimethyl-daphnetin, 3,4-dimethoxy-coiimarin, m.p. 119-121°, has been ob¬ 
tained by methylating daphnetin (Bargellini, Gazz. 46,1, 249). 

Methyl-aesculetin, ^-hydroxy-d-methoxy-coumarin, scopoletin, m.p. 204°, oc¬ 
curs both in the free state and as glucoside in Solanaceae and Scopolia species, and 
is identical with gelseminic add from Gelsemium sempervirens and with chrysatropic 
acid from Atropa belladonna {Kunz-Krause, Ber. 31, 1189). It shows a strong 
fluorescence. 5-Hydroxy-4-methoxy-coumarin, m.p. 185-186®, is obtained from 
umbelliferono-methyl ether by the action of potassium persulphate {Bargellini^ 
Gazz, 45,1, 90) and from aesculetin by the action of methyl iodide or diazometh¬ 
ane. Dimethyl-aesculetin. m.p. 142-143° (Arch. Pharm. 270, 479). /3- 

Methyl-aesculetin, 4,5-dihydroxy-/3-methyl-coumarin, m.p. 272-274°, is ob¬ 
tained from hydrojgr-hydroquinone triacetate by the action of acetoacetic ester 
and sulijhuric acid (Pechmann, Ber. 34, 423; Vliei, Org. Synth. 1, 352). 

Sinapic acid, hydroxy-dimethoxy^cinnaTnic acid, (CH|0)2[3,5] (OH) [4]- 
C«HjCH:CHCOOH. m.p. 192®, has been obtained from white and black mustard 
seed (Vol. II, p. 368), and synthetically from syringaldehyde by Perkin's reaction 
(Graebe, Ber. 36, 1031; Spdth, Mo. 41, 271). Methyl-sinapic acid. 3.4,5- 
trimethoxy-cin'naTnic acid, m.p. 126.8®, is obtained from trimethyl-gallaldenyde 
{Mauthner, Ber. 41, 2531). 2.3,4-Trimethoxy-cinnamic acid, m.p. 172°, is ob¬ 
tained from the corresponding aerivative of benzaldehyde (Slotta, Ber. 63, 3029). 
2.4,5-Trimethoxy-cinnamic acid, trimethyl-aesculetinic acidj m.p. 169°, has been 
obtained from asarylaldehyde (p. 350) by Perkin's synthesis. 

4.6- Dihydroxy-coumarin, m.p. 273°, is obtained from phloroglucin-aldehyde by 
Perkin's reaction, and on methylation gives citropten, limetlin, 4fi-<iiniethoxy- 
coumarin, m.p. 147®, which separates from the essential oils of some species of 
citrus {Tilden, J. 81, 508; Schmidt, Arch. Pharm. 242, 288). 

4.6- Dihydroxy-a-methoxy-coumarm. m.p. 280-285° (decomp.), is obtained 
from phloroglucinol diacetate with metnoxy acetic anhydride and the sodium salt. 

4,6-a-Trimethojy-coumarin, m.p. 171-172°, is related to pelargonidin, the colour¬ 
ing matter of some flowers (see Vol. II, p. 449; Vol. IV) {Willsidtter, C. 1914, II, 
1360). For other di- and tri-hydroxycoumarins, sec Sonn, Ber. 50, 1292; 
Chakravarti, Ber. 64, 354; Canter, J. 1931, 1255. 

D. TETRAHYDROXY-CINNAMIC ACIDS. Fraxetin, m.p. 227®, is the 
aromatic component of the glucoside/raxin (Vol. II, p. 358). It is the 5-methyl 
ether of 3,4,6-trihydroxy-coumarin, m.p. ^2°. It has been synthesised from 
1,2,3,4-tetrahydroxybenzene (p. 232) through tetrahydroxy-benzaldehyde and 
triaceto-hydroxycoumarin, m.p. 144.5°. Trimethyl ether, m.p. 102-104® 
We89ely,Mo. 60, 163). 

IS. PhenyJr<icetylene Carboxylic Acids 
Phenyl-propiolic acid, CeHB-CiC'COOH, m.p. 136®, is obtained 
from a- and 4-bromocinnamic acids by boiling with alcoholic potash, 
from sodio-phenylacetylene (p. 447) by the action of carbon dioxide 
{Glaser, 1870), and from «-bromostyrene (p. 444) by the action of 
carbon dioxide and sodium. It is prepared by boiling the dibromide 
of cinnamic acid or ester with alcoholic potash {Michael, Ber. 34,3647; 
36, 902; Abbott, Org. Synth. 12, 60). It decomposes into phenyl- 
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acetylene and carbon dioxide when heated with water to 120®. When 
warmed with acetic anhydride or treated with phosphorus o^chloride, 
phenyl-propiolic acid forms l-phenyl-naphthalene-2,3-dicarboxylic 
anhydride {Bucher, Am. 30,1244; Pfeiffer, below). Similarly phenyl- 
propiolic ester polymerises to phenyl-naphthalene-dicarboxylic ester 
at 200® {Pfeiffer, Ber. 40, 3372, 3839). See p. 395 on the formation 
of trimesic acid from propiolic acid. 

When phenyl-propiolic acid adds on hydrogen under the action of sodium amah 
gam, hydrociniiamic a(;id is formed, but with zinc dust and acetic acid, or sodium 
and alcohol, cinnamic acid is produced (Aronstein, Ber. 22, 1181), and with 
hydrogen in the presence of colloidal palladium allocinnamic acid is formed 
(Pool, Ber. 42, 3930). Hydrochloric and hydrooromic acids add on with the 
formation of /3-halogeno- and allo-/3-halogenO“cinnamic acids (p. 466). It com¬ 
bines with the halogens to form phenyl-dihalogeno-acrylic acids (p. 467), with 
hydrazine hydrate to give 1-phenyl-^-pyrazolone (Vol. IV), and with pnenyl- 
hydrazine to give 1,3-diphen.yl-pyrazolone {Rothenburg, Ber. 27, 783). It enters 
into similar reactions with other amino-leases, and with the sodio-compounds of 
/3-diketoncs, acetoacetic and malonic esters {Ruhemann, Proc. 1900, 11; Mou- 
reu, Bull. 1, 1071). In the latter reaction a tricarboxylic acid is formed which 
gives phenyl-glutaconic acid with loss of carbon dioxide {Michael, J. pr. 49, 20; 
Carrington, J. 75, 778). Phenyl-propiolic acid adds on one or tw'o molecules of 
alcohol when heated with a sodium alcoholate, and iS-alkoxy-cinnamic esters (p, 
484) or dialkyl-acetals of benzoyl-acetic esters are formed {Moureu, C.r. 138, 206; 
142, 894). It condenses with phenethinyl-magnesium bromide to give iris-’ 
^lenethinyl-carbinol, (CoH 5 C;C) 3 C-OH, m.p. 126-128® (Hess, Ber. 54, 2511). 
Phenyl-propiolic nitrile combines with one molecule of a primary or secondary 
amine to form /3-alkyIamino-cinnamic nitriles, such as CftHsCCNHCHa) :CH*CN; 
these regenerate the amines when acted upon by acids, and are converted into 
benzoyl-acetonitrile (Moureu, C.r, 14^ 563). 

Ethyl phenyl-propiolate, C 6 H 5 C;C*COOC 2 H 6 , b.p. 153® (22 mm.), can be ob¬ 
tained from sodio-jjhenylacetylene by the action of chlorocarbonic ester, and it 
readily adds on water to form benzoyl-acetic ester (p. 429). With nitrogen per¬ 
oxide at 0°, it forms a,0-dinitro-cinnamic ester, which exists as an oil, and as a 
solid, m.p. 60®; the former modification is thought to be the m-form and the 
latter the trans-ioTm (Wicland, Ber. 53, 1343). For addition products with 
phenols, thiophenols naphtholj^ and thionaphthols, see Ruhemann, Ber, 47, 119. 
Fhemjlpropiolic nitrile, CellftC-CCN, m.p. 41° is obtained from the amide by the 
action of phosphorus pentoxide^ from sodio-phenylacetylcne or phcnylacetylene 
magnesium bromide by the action of cyanogen or cyanogen chloride (Grignard, 
Bull. 17, 228), and from phenyl-propargyl-aldoxime by the action of acetic an¬ 
hydride (Claisen, Ber. 36, 3671). Chloride, b.p. 131° (25 mm.); amide, m.p. 
102° (Baucke, Rec. 15, 123; Moureu, C.r. 142, 211; Stockhausen, Ber. 25, 3537V 
The hydrazide melts at 114°, and rc-solidifies with the formation of S-phenyl-b- 
pyrazolone, m.p. 235° (Vol. IV) (Curtius, J. pr. 112, 314). 

o-Nitrophenyl-propiolic acid, decomposes at 156®. It is prepared 
from o-nitrocinnamic ester dibromide by boiling with alcoholic 
potash {Baeyer, Ann. 212, 140). Its silver salt explodes when 
heated. When boiled with water it loses carbon dioxide, and gives 
o-nitJrophenyl-acetylene, and when boiled with alkalis it is converted 
into isatin. In concentrated sulphuric acid it dissolves with isom¬ 
erisation to isatogenic acid, which at once decomposes into carbon 
dioxide and isatin. When heated with alkaline reducing agents, such 
as glucose and caustic potash, potassium xanthogenate, or hydrogen 
sulphide and ferrous sulphate, it is smoothly converted into indigo 
blue {Baeyer, 1880). 

Ethyl o-nitrophenyl-propiolate, m.p. 60®. is pirepared from the acid by the 
action of alcohol and nydrochloric acid. When dissolved in sulphuric acid it 
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changes into ethyl isatogenate, and with ammonium sulphide gives ethyl index- 
ylate (Baeyer, Ber. 14, 1741): 


COI, 


[IJCO C COOC 2 H 5 


-[21NO 

Ethyl isatogenate 


/[l]C:CCOOC,Hj 

C,H< 

\[2]NO, 

Ethyl o-nitrophenyl-propiolate 


,[l]C(OH)v 

C«H4<C >C-00002115. 

^[ 21 N==^ 

Ethyl iiidoxylate 


p-Nitrophenyl-propiolic acid, m.p, 198° (decomp.), is obtained from the di¬ 
bromide of p-nitrooinnamic ester, and by the nitration of phony 1 -propiolic acid 
at --20°. When boiled with water it breaks down into carbon dioxide and p- 
nitrophenyl-acetylene (p. 447). When heated with sulphuric acid to 100 °, it is 
converted into p-nitro-acetophenoiie (p. 286). Its ethyl ester, m.p. 126°. gives 
p-nitrobenzoyl-acetic acid when treated with sulphuric acid at 35°. w-Azoxy- 
phenyl-propiolic acid, m.p. 208°. is obtained from ?/t-nitrophenyl-or,j3-dibromo- 
propionic acid by the action of alcoholic potash {Reich, C.r. 162, 129; Bull. 19, 
146). 

o-Aminophenyl-propiolic acid, m.p. 129° (deeomp. into CO 2 and o-amino- 
phenyl-acetylene, p. 447 ), is obtained by reduction of o-nitropheny 1-propiolic acid 
with ferrous sulphate and ammonia {Richter, Ber. 16. 679). It separates as a 
yellow crystalline powder. It forms o-amino-aectopnenone when boiled with 
water, 7 -chloro-carDostyril when boiled with hydrochloric acid, and 7 -hydroxy- 
carbostyril when warmed with sulphuric acid {Baeyer, Ber. 15, 2147). 



CCl:CH 

N=-= 



<■ 


4-HCl 

--H 2 O 


/[IIC^C-COOH 

CeHZ 

^[ 2 ]NH 2 




yC(OH):CHv 

. -3 


COH. 


Its diazo-chloride, obtained by the action of sodium nitrite on its hydrochloride, 
gives hydroxycinnoline-carboxylic acid when warmed to 70° (Vol. IV). 

m-Methylphenyl-propiolic acid, CHj[ 3 ]C 8 H 4 -C;C*COOH, m.p. 109° {Muller, 
Ber. 20 , 1216). 

Nitriles of higher phenylacetyleiie-carboxylic acids have been prepared by 
Grignard (Ann. chim. [ 10 ], 5, 6 ) from phenylacetylene magnesium halides and 
cyanogen chloride. 


13. Phenyl Diolefme Carboxylic Acids 


The most interesting compoundvS in this group are the 5-phenyl-butadiene-car- 
boxylic acids, Ar • CH; CH • CH; CHCOOH. Of the four configurations theoreti¬ 
cally possible: 


Ar-CH 

hc-Sh 

hScooh 


a,/^ci 8 - 

7,5-CW- 

(I) 


Ar-CH 

hIj-ch 

hA-cooh 

a,fi-tran8- 

y,5-tram^ 

(II) 


Ar-CH 

hc-I:h 

COOH-IlH 

af0-trans- 

(III) 


Ar-CH 

hIi-ch 

hooc-<!!ih. 

y^b-trans- 

(IV) 


three are known. 

Cinnamal-acetic acid, fi-slyryl-acrylic add (form II), m.p. 166°, is obtained to¬ 
gether with form (IIIl, alhcinnarnal-CLcetic add, m.p. 138°, from cinnamic alde¬ 
hyde and malonic acid in the presence of pyridine: cinnamal-malonic acid is an 
intermediate product {Doebner. Ber. 35, 2137). It has also been obtained from 
cinnamal-pyruvic acid (p. 486) by the action of hydrogen peroxide {Friedmann, 
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Helv. 14, 1213), and from cinnamic aldehyde, acetic anhydride and sodium acetate 
heated in a sealed tube at 160^ (J. 31^ 403). The allo-acid lias been prepared by 
Doebner (Ber. 36. 4322) from cinnamic aldehyde and malonic acid in the presence 
of quinoline at iSo®. When warmed in benzene with a little iodine and in sun¬ 
light, the allo-acid changes to the higher melting form (Liebermann, Ber. 28, 
1443; Stobbe, Ber. 45, 3408). A third isomer, which corrcvsponds to (IV), m.p. 
128*, has been obtained by the action of zinp and alcohol on 7 -bromocinnamal- 
acetic acid, the latter being obtained from a-bromo-cinnamic aldehyde. Here, 
the acid ot m.p. 165® is a by-product (Lohaus, Ann. 513, 228). The 7 , 6 -cis- 
conEguration is unstable in the presence of alcoholic potash, and to some extent 
changes to the 7 ^ 5 -imns-form. The acid of m.p. 165®, when rapidly heated, 
loses carbon dioxide, and is converted into phenyl-butadiene (p. 448) (Lieber- 
manUf Ber. 35, 2696). Its chloride gives a piperidide, m.p. 92®, which has a 
hot taste, two or three times more intense than that of natural piperine (see be¬ 
low) . The acrid taste of these piperidides is related to the two double bonds of 
the acid (Stavdinger, Ber. 56, 699, 711). For the methyl esters of those acids, see 
StobhCy Bor. 45, 3396, and for their ethyl esters, see Amoers, J. pr. 105, 377. 
Cinnamal-cyanoacetic acid (p. 489) gives a nitrile^ b.p. 285®. Cinnaraal-acetic 
acid as well as the allo-acid dimerise in the light, giving an acid of m.p. 219®. The 
a,/3-double bond of one molecule seems to combine with the 7 , 5 -double bond of a 
second to form a cyclobutane ring {Riiber Ber. 46, 335). 0 - and p-Nitro-acids, 

m.p. 217® and 271®, have been obtained from o- and p-nitrocinnamylidene-ace¬ 
tones by the action of sodium hypochlorite {Einhorn, Ann. 253, 356). o-Amino- 
acid, m.p. 176® (decomp.) (Diehl, Ber. 18, 2332). 

CdHftCHiCHv yCOOn 

^-Styryl-crotonic acid, ^C:C<^ , m.p. 124®, Is obtained 

HaCr ^H 

through its ethyl ester from benzylidene-acetone and bromoacetic ester and zinc. 
When its benzene solution is exposed to light in the presence of a little iodine, its 
CeHfiCHrCHv M 

geometrical isomer, , m.p. 160®, is formed (Kuhn, 

CH/ ^COOH 

Ber. 65,651), 

7 -Styryl-A 2 -crotonic acid, CeHsCHrCH-CHrCH-CILCOOH, m.p. 112, is ob¬ 
tained in small yield when cinnamaldehyde and sodium succinate condense under 
the influence of acetic anhydride (FiUig, Ann. 331, 162). a-Cinnamal-propionic 
acid, see Baidakovsky, Russ. 37, 896. 

Dihydroxy-phenyl-butadiene-carboxylic acids. These can also exist in four 
forms, like their parent acids. Three of them are known. Piveric acid (form II), 
where Ar = CH202[3,41C6H3, m.p. 217®, is obtained together with piperidine 
(Vol. IV) by the hydrolysis of piperine with alcoholic potash. Isopiperic acid 
(form IV?) is obtained from *‘piperonylidene malonic ^id^* (p. 489) by loss of 
carbon dioxide. Chavicin, obtained from black pepper, gives chavicinic acid 
(form T) on hydrolysis with alcoholic potash. This acid is unstable, and re¬ 
arranges to isochavicinic acid (form III?), m.p. 200-202® (Ott, Ber. 55, 2633; 
c/. Lohaus, Ann. 513, 228). When fused with potash, piperic acid gives acetic, 
oxalic, and protocatechuic acids (p. 365). Its chloride is converted into piperine 
by acting on it with piperidine. Piperic acid is reduced by sodium amalgam to 
a- and j8-dihydro-piperic acids, and when reduced catalytically it and its isomers 
are converted into tetrahydro-piperic acid (p. 369). It condenses with aceto- 
acetic ester to give methysticin derivatives (p. 4^) (Borsche, Ber. 60, 1138; 
Larnpe, Bull, 43, 62). Its dilute solution gives piperonal and racemic acid with 
permanganate at 0® (Doebner, Ber. 23, 2372). 

The constitution of piperic acid was established by Fittig and Mielck in 1874, 
and it was synthesised by Ladenhurg and Scholtz in 1894 (Ber. 27, 2958). 

<x-Methyl-piperic acid, m.p. 208®, and a-ethyl-piperic acid, m.p. 179®, have 
been synthesised by Scholtz CBer. 28, 1187) by similar methods. 

14. Phenyl Triolefine Carboxylic Adds 

CeH^CH: CH. CH: CH v >COOH 

P-Styryl-vinyl-crotonic acid, CHi^ ^^ ^ 
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203^, is obtained through its ethyl ester from cinuamal-acetone and bromoacetio 
ester and zinc. The ester of an isomeric acid, m.p. 167-169®, is formed as a by¬ 
product (Kuhn, Ber. 6S, 651). 

IV. Compounds Which Can Be Regarded as the Oxidation 
Products of Mononuclear Aromatic Poly-alcohols with XJnsaturated 

Side-chains 

The chemistry of the aromatic poly-alcohols with unsaturated side-chains and 
their oxidation products has been studied even less than that of the corresponding 
saturated compounds. While a number of carboxylic acids and derivatives of 
this class is known, the alcohols and aldehydes from which they are theoretically 
derived are at present unknown. Consequently the compounds described in the 
following sections are not arranged strictly in a systematic order, although, in 
the main, the sequence is similar to that used in dealing with the oxidation prod¬ 
ucts of aromatic poly-paraffin alcohols, pp. 372-398, 398-442. 


1. Phenylene Hydroxy-olefine Carboxylic Adds 


The two possible o-vinyl alcohol benzoic acids are unknown in the free 
state. Their internal anhydrides or lactones, methylene phthalide and isocou- 
marin, are isomeric with coumarin, and have been isolated. Methylene phthalide, 
/[1]C=CH2 

C«H 4 <^ , m.p. 69®, obtained by distilling phthalyl-acetic acid (p. 491) 


i2]C^ 
gives a dibromide, m.p 


.[1]C=CC12 


. Dichloro-methylene phthalide, 

\[2]COO ' 

m.p. 128®, and tetrachloro-methyl phthalide, m.p. 93®, are formed together when 
chlorine is passed into a mixture of acetic acid and phthalyl-chloroacetic acid 
(Zincke, Ann. 255, 383; 268, 294). Bromo-methylene phthalide, m.p. 133®, i'^ 
obtained from acetophenone-o-carboxylic acid by the action of bromine. Di- 
bromo-methylene phthalide, m.p. 140®, is obtained from w-dibromo-acetophenone- 
o-carboxylic acid on heating with concentrated sulphuric acid. Derivatives of 

.11]C=CH2 

methylene-phthalimidine, C«H 4 <; , are obtained by the action of 

\[21CONR 

amines and amino-acids on o-acetophenone-carboxylic acid. Nitromethylene- 
C=CHN02 

phthalide, C 6 H 4 < , m.p. 207® (decomp.), obtained from phthalic 

^COO 


anhydride and nitromethane, is decomposed by alkali into nitrophenacyUo^ 
carboxylic acid, N02CH2C0CflH4C00H, m.p. 121° (Gabriel, Ber. 29, 2518; 36, 
670; 40,83). 

[1]C==CHCH* 

Eihylidene-phthalide, CflH 4 ^ , forms orange-coloured crystals, 

\[2]COO 

m.p. 64° (Gabriel^ Ber. 19, 838; Gotllieh, Ber. 32, 958; Dauhe, Ber. 38, 206). 
Propylidene- and isobutylidene phthalides, b.p. 170° (12 mm.) and m.p. 97°, are 
obtained by condensing phthalic anhydride with the sodium salts and anhydrides 
of propionic and butyric acids, water and carbon dioxide being given off (Brom¬ 
berg, Ber. 29, 1436). Under the influence of sodium ethylate these alkylidene 
phthalides isomerise to diketo-hydrindenes (q.v .). They are converted by caustic 
alkalis into o-keto-carbo3qrlic acids (p. 383), Thus, ethylidene phthalide gives 
propiophenone-o-carboxyhc acid. For their odours, see Berlingozzi, Gazz. 57, 
264. 

.[1]CH=-CH 

Isocoumarin, CeH 4 <^ I , m.p. 47®, b.p. 286°, is formed when silver 

^[2] CO—O 

isocoumarin-carboxylate is distilled. It is readily volatile in steam. When 
heated with sodium carbonate it is converted into 
Anhy<lro-o-hydroz]rvinyl-benzoic acid, 0(CH:CH[2]CeH4C00H)2, m.p. 183°, 
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which gives an anhydride, 0(CH:CH(2JC«H4C0)20, ro.p. 234°, with hydrogen 
chloride at 160°. Its imide, 0(CH:CHf2]C6H4C0)2NH, m.p. 285®, is ob¬ 
tained from the anhydride by the action of alcoholic ammonia at 170° (Bamberger, 

.[1]CH:CC1 

Bor. 27, 207). a-Chloro-isocotimarin, C6H4<: I , m.p. 99°, a lachry- 

^\2]COO 

matory, is obtained from homophthalic anhydride, or its enol form, by the action 
of phosphorus pentachloride (Davies, J. 1928, 1616). 

/[1]CH==CH 

Isocarbostyril, C6H4<^ | , m.i). 208°, the lactam corresponding to 

\f2]CO—NH 

isocouraarin, is isomeric with carbostyril (p. 468). It is obtained by heating iso- 
coumarin with alcoholic ammonia at 130°, or by heating isocarbostyril-carboxylic 
acid (p. 492) or its silver salt. When distilled with zinc dust it gives isoquinoline 
CVol. IV) (Bamberger, Ber. 27, 208). 

.[IICH--CCH3 

(x-Methyl-isocoumarin, C 6 H 4 <; I , m.p. 118°, is obtained from 

\[2ICO—O 

/[1]C(CN) :C(0C0CH8)CH3 

^-diacetyl-cyano-benzyl cyanide, C 6 ll 4 <^ , m.p. 135°, 

\[2]CN 

by the action of hydrogen chloride at 180°. The latter compound is the product 
of the action of acetic anhydride and sodium acetate on o-cyano-benzyl cyanide 
(Gabriel, Ber. 27, 8i31). A number of other horaologues of isocoumarin have 
been prepared in a similar manner from o-cyano-benzyl cyanide, all of which read¬ 
ily give isocarbostyrils (cf. Harper, Ber. 29, 2543, ei aL), Thus a-methyl- 
isocoumarin gives «-methyl-isocarbostyril, m.p. 211°, with ammonia (Gabriel, 
Ber. 25, 3563). Methyl-isocoumarin gives methyl-benzyl-keto-o-carboxylic 
acid when boiled with caustic potash (p. 383). 

Derivatives of coumariu with a furan ring attached to the benzene ring have 
been extracted from Citrus bergamm, Fagara xanlhoxyloides, Pimpinella saxtfraga, 
and other plants. They contain the following carbon skeleton: 



They are therefore coumarin and comruirone derivatives at the same time. A 
number of compounds of this class, viz., bergapten, isobergapten, (iso-)pimpmel- 
line, xanthotoxine, (iso-)imperatorine, (hydroxy-) peucedanine, oreosolone, and 
ostruthole, and their degradation products have been dealt with in Vol. II, p. 497, 


2. Phenylene Aldehydo-carboxylic Acids 

p-Aldehydo-cinnamic acid, CHO[4lC6H4CH:CHCOOH, m.p. 247°, has 
been obtained from terephthalaldchyde by Perkin's reaction (p. 462) (Ldw, Ann. 
231, 375). 


S. Phenylene Dicarboxylic Acids 

o-Carboxy-ciimamic acid, COOH[ 2 IC 6 H 4 CH:CHCOOH, melts at 174°, 
changing to phthalide-acetic acid (p. 439) from which it can be obtained by heat¬ 
ing with alkali (c/. Leupold, Ber. 34, 2832). It is also formed by the careful 
oxidation of /5-naphthol with permanganate while on further oxidation it is con¬ 
verted into o-carboxyphenyl-glyoxylic acid (p. 440) (Ehrlich, Mo. 9, 527). 

o-Cyano-cinnamic acid, CN[21CeH4CII:OHCOOH, m.p. 252°, is obtained 
from o-cyano-benzylideno chloride by the action of sodium acetate and acetic 
anhydride, or from o-amino-cinnamic acid (Drory, Ber. 24, 2574; Komppa, Ber. 
27, R 262). It is also formed by a peculiar reaction, when the sodium salt of a- 
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/C(NO):C(OH) 

iiitroso-/3-naphthol, C 6 H 4 <f I , is heated to 250® (Ger. Pat. IIG,- 

\CH ===CH 

123). 

p>Carboi7>cinnamic acid, does not melt, but sublimes. It is obtained from 
terephthalaldehydic carboxylic ester by the action of sodium acetate and acetic 
anhydride (Low^ Ann. 231, 369). 

o>Phenylene>diacrylic acid, C 6 H 4 [ 1,2] (CH:CH- 00011 ) 2 , m.p. above 300®, is 
obtained from o-xylylene-dichloro-dimalonic ester by the action of alcoholic 
potash, or from o-phthalaldehyde by Perkin^s reaction (Perkin^ Bcr. 19, 435; 
Thiele^ Ann. 347, 117). p-Phenylene-diacrylic acid is obtained from p-aldehydo- 
cinnamic ester, or terephthalaldehyde, sodium acetate and a(5etic anhydride (Low?, 
Ann. 231, 375; Ephraim, Ber. 34, 2784), or from p-xylylene-dibromo-dimaloiiic 
ester. 


4- Phenyl Olefine Ketols 

Hydroxymethylene-acetophenone, CeHs-CO-CHrCHOH, when liberated from 
its sodio-compound, is a rather unstable oi!. Its sodio-coinpound is obtained by 
the action of sodium ethylate and ethyl formate on acetophenone. This com¬ 
pound was formerly thought to be benzoyl-acetaldehyde (p. 408). For the con¬ 
stitution of hydroxymethylene compounds, see Vol. I, p. 396. Its sodio-com- 
pound gives a mixture of imtno-bis-formyl^acciophenone, NH(CH:(’H •COC 6 H 5 ) 2 , 
and 2-phenyUb-benzoyl^pyridine (Vol. IV) when treated with ammonia (Jienary^ 
Ber. 57, 828; 59, 108; 60, 914; 61. 2252). With phenyl isocyanate it gives an 
0-carbanilido derivative, m.p. 125*^, which readily isomeriscs under the action 
of potassium carbonate to C-carbanilide, m.p. 94° (DieckmanUy Ber. 37, 4631). 
With phcnylhydrazine it is converted into diphenyl-pyrazole (Vol. IV) and with 
hydroxylamine into benzoyl-acetaldoxime (p. 408). On catalytic reduction it 
gives of-phenyl-allyl alcohol (p. 456). See also benzylideiie-phenoxy-acetone, p. 
460. 


5 and 6. PhenyUhydroxy-olefine- and Phenyl-diolefine-carboxylic 

Acids 

Hydroxjrmethylene-phenyl-acetic ester, C«H 6 C(COOC 2 H 6 ) :CHOH, see formyl- 
phenyl-acetic ester, p. 422. 

j9-Methoxy-cinnamic ester, CeHsCfOCHa) :CHCOOC2H6, b.p. 155° (14 mm.), 
and <3-ethoxy-cinnamic ester, b.p. 168° (16 mm.), are obtained from phenyl- 
propiolic ester (p. 479) by the action of sodium ethylate, and from benzoyl-acetic 
ester and ethyl orthoformate. The corresponding acids melt at 180° and 162® 
with evolution of carbon dioxide and formation of /3-phenyl-vinyl-methyl and 
ethyl ethers (p. 456) (Claisen, Ber. 29, 1005; Moureu, C.r. 138. 206, 286). /3- 

Phenoj^-cinnamic ester, CttH6C(OC®H6) :CHCOOC 2 Hj, m.p. 76*, b.p. 265® (10 
mm.), is obtained by adding on sodium phenate to phenyl-propiolic acid (p. 479); 
the free acid, m.p. 143°, loses carbon dioxide on heating and is converted into «- 
phenoxy-styrene, C6ll6C(OC6Hs) iCIL (Huhemamo, J. 79, 918, 1185). a- 
Phenoxy-cinnamic acid, C6H6CH:C(OC6H6)COOH, m.p. 181°, is obtained syn¬ 
thetically from benzaldehyde, sodium phc3noxy-acetate and acetic anhydride, or 
from benzylidene-phenoxy-acetone (page 460) by the action of sodium hypo¬ 
chlorite. When heated it partly decomposes into carbon dioxide and w- 
phenoxy-styrene, and partly into carbon monoxide and phenyl phenylacetate 
iStoermer, Ber. 35, 3556; 38, 1958). 

7 -Phenyl-a-hydroxy-A*-crotonic acid, styryUa-hydroxyacetic axid, CWsCH:- 
CH*CH(OH)COOH. m.p. 137®, is obtained by the hydrolysis of its nitrile, 
dnnamaldehyde cyanhydnn, m.p., 74®, with cold concentrated hydrochloric acid, 
or by the reduction of cinnamoyl-formic acid (p. 486) with sodium amalgam. 
When it is boiled with hydrochloric acid it changes smoothly to benzoyl-propionic 
acid (p. 431) {Erlenmeyer. Ber. 37, 3124), while boiling caustic alkali converts 
it into benzyl-pyruvic acia (p. 429). Benzyl-propionic acid, when heated alone 

or with acetic anhydride, gives y-phenyl-A^-crotonolactone, CH CH 2 C 06 , 
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m.p. 91®, from which it is easily regenerated. Trichloromethyl-styryl-carbinol, 
CCl8CH(OH)CH:CHC6Hfi, m.p. 67^, should also be classified as a derivative of 
phenyl-a-hydroxycrotonic acid. It is obtained from cinnamic aldehyde and 
chloroform. It also gives benzyl-propionic acid on heating with water or alkali 
(Fiitig, Ann. 299, 1). For and y-hydroxy-phenyl-crotonic acids, see Bou^ 
gaultf C.r. 157, 377. 

/CHj-CO 

i9-Benzyl-angelic lactone, C«H 6 -CH 2 C<C I , is formed when benzyl- 

^C{CH*)-0 

laevulinic acid (p. 432) is distilled. 

y[l]C(OH):CH 

jd-Hydroxy-coumarin, C«H 4 <r I , m.p. 206®, is obtained from its 

\f2jO-CO 

carboxylic ester (p. 491) by hydrolysis and loss of carbon dioxide, and from methyl 
acetosalicylate by heating with sodiiun {Pauly^ Ber. 48, 28). Its properties recall 
those of the aliphatic tetronic acid. It dissolves in alkali carbonates, it forms an 
oximino-compound with sodium nitrite, it condenses with aldehydes, etc., and it 
has therefore been called benzotetronic add. When it is heated with concentrated 
alkalis, o-hydrosy acetophenone is formed. a-Phenyl-/9-hy(iroxy-coumarin, 
m.p. 236®, is obtained from methyl phenacetylsalicylate by the action of sodium. 
/3-£thoxy-coumarin, m.p. 174®, is obtained from the silver salt by the action of 
ethyl iodide. With phosphorus pentachloride and pentabromide, /?-hydroxy- 
coumarin gives /3-chloro- and /^-bromo-coumarins, m.p. 92® and 91®, which are 
reduced by zinc dust and alcohol to coumarin. 

/ /C(OH):C~-\ 

Methylene-l>f.s-benzotetronic acid, 1 j CH*, m.p. about 

206®, and ethylidene-6is-benzotetronic acid, m.p. 165®, are obtained from benzo¬ 
tetronic acid by the action of formaldehyde and acetaldehyde, respectively. 
Homologous and substituted ^-hydroxy-coumarins have been obtained from the 
corresponding substituted salicylic chlorides (p. 357) (Anschutz, Ann. 367, 169. 
219; 368,23; 379, 333). 4, /3-Dihydroxy-coumarin, m.p. 264®, has been prepared 
from resorcinol and cyanoacetic ester, in the presence of zinc chloride and hydrogen 
chlorides, the ketimine being an intermediate product (Arch. Pharm. 259, 53). 

5-Hydroxy-cinnamylidene-acetic acid; the lactone of this acid, phenyl-coumalin, 
CAl, • C: GH • CH: CH • CO 

I , m.p, 68®, occurs in coto bark (Ciamician, Ber. 29, 


A- 


26.59; Severini, Gazz. 26, II, 326). 


7. Phenyl Hydroxy-trioUfine Carboxylic Acids 

O CO 

CinnamyUdene-dimethyl-crotonolactone, CJI.CH:CH CH:(!: C(CH 3 ) :(!:{CH,), 
m .p. 153®, is derived from an acid of this class. It is obtained by the condensation 
of styryl-aceticacid (p. 469) and pyrocinchonic anhydride ( Thiele, Ann. 306, 242). 

/ 3 -Methoxy- 7 -cinnamylidene-crotonic acid, kawaic add, CeHjiCH-CH CH:- 
CH'CCOCHg) :CH*COOH, m.p. 186®, is obtained by the hydrolysis of its lac¬ 
tone, kawain, C«H 6 -CH:CH-CH.CH,-C(OCH*):CH C^, m.p. 106®, which 

occurs in kawa resin from Piper methyslicum. Di- and tetrahydro-compounds 
have been obtained from both the acid and its lactone by catalytic hydrogenation. 
The methyl ester is obtained by the methylation of y-cinnamylidene-acctoacetic 
ester (allokawain, p. 487) with Si(OCH 8)4 (Boersche, Ber. 62, 368; 63, 2414). 


8. Dihydroxy-phenyl Hydroxy-triolefine Carboxylic Adds 

Methysticin, (CH 2 O 2 ) [3,4]C8HtCH:CH ■CHCH 2 C(OC H 8 ) :CH COO , m.p. 

137®, is a derivative of an acid of this class. It occurs in kawa resin, together 
with ^-methysticin, m.p. 115®, and other substances. On reduction, the double 
bond next to the benzene ring is saturated, but not the other. The lactone ring 
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is opened by sodium hydroxide or ethylate, isomethysticin, or methysticinic acid, 
(C&02)C«H,CH:CH*CH:CHC(0CH,):CHC00H, m.p. 191-192% being 
formed. With methyl alcoholic potash, the enol-ether CToup opens and the mole¬ 
cule rearranges becoming a jS-koto-acid R• CO • CH 2 • COOH (Borsche^ Ber. 60, 
982, 1135y 2113; 62, 360). Similar treatment of ^-methysticin gives rise to 
methysticinic acid in.p. 184.5®. 


9. Phenyl Dihydroxy-olefine Carboxylic Acids 


, m.p. 148®, is obtained by 


/[l]C==CHOH 

Hydroxjrmethylene-phthalide CeH^ 

\2]COD 

boiling «-bromoacetophenone-o-carboxylic acid with water. Tt reacts with 
hydroxylamine and phenylhydrazine in its tautomeric form of a formyl phthalido. 
an oxime, m.p. 152® and a phenylhydrazoiie, m.p. 180® (deoomp.), being formed 
(Gabriel, Ber. 40, 74). 


10, Phenyl Olefine- and 11. Phenyl Diolefine-a-keto-carhoxylic 

Adds 

These are obtained by the condensation of aromatic aldehydes with pyruvic 
acid. Cinnamoyl-formic acid, hemylidene-pijruvic acid, CcHfi-CHrCH CO-- 
COOH, is known in two forms. One is obtained from benzaldehyde and pyruvic 
acid using hydrochloric acid as condensing agent. It is usually obtained as an 
oil, which crystallises with m.p. 62-63® (Musajo, Gazz. 62, 901); with 1 ILO it 
melts at 53-54®. The other form is obtained when caustic soda, or methyl 
alcoholic potash in the cold is used as condensing agent and forms shining leaflets 
containing 1 H 2 O, m.p. 53-54®, and anhydrous, m.p. 61-62®. It crystallises 
from benzene with benzene of crystallisation, m.p. 70-76® (Friedmann, Helv. 14, 
783; Reimer, Am. 46, 783 ; 48, 2454; 53, 3147). The acid is reduced by sodium 
amalgam to 7 -phenyl-a-hydroxj’’-crotonic acid (p. 484) (Erlenmeyer, Ber. 36, 
2527). The esters are known in two forms, the methyl ester occurring as a red oil 
and as yellow needles, m.p. 73®. The syrupy form of the acid is also obtained 
from its nitrile, cinnamoyl cyanide, CeHs-CHrCH-CO-CN, m.p. 114® (Clatsen, 
Ber. 14, 2472), Phenylhydrazone, m.p. 163-165® (Ciusa, Gazz. 49, I, 164). 
Its dibromide, m.p. 142®, gives colourless needles of jS-bromo-benzylidene-pyruvic 
acid, m.p. 131-132®, on boiling with water (Reimer, Am. 48, 2454). 

o-Nitrocinnamoyl-formic acid. N02[2]C®H4-CH:CH*C0-C00H, m.p. 135®, 
is obtained from o-nitrobenzalaehyde and pyruvic acid. When treated with 
alkali, even in the cold, it loses oxalic acid, and is converted into mdigo. 

Cinnamal-pyruvic acid, CeHsCH: CH • CH:CII • CO • COOH, forms red crystals, 
m.p. 73®, slowly changing to yellow crystals, m.p. 104°. It is obtained from 
cinnamaldehyde and pyruvic acid in weakly alkaline solution (Luhrzyriska, 
Bioebem. J. 7, 37). It is reduced by sodium amalgam to the corresponding a- 
hydroxy-add, and this is converted into 5-benzylidene-laevulinic acid (p. 488) on 
boiling with hydrochloric acid (Erlenmeyer^ Ber. 37, 1318). 

3,4-Methylene-dioxy-cinnanioyl-formic acid, (CH20)2[3,4] C«H 3 • CH : CH • - 
CO‘COOH, m.p. 149®, and 3, 4-methylene-dioxy-cinnamoyl-pyruvic acid, 
(CH202)[3,4]C(,H3-CH:CH-CH:CH-C0-C00H, m.p. 166®, are obtained from 
piperonal and piperonyl-acroiein (p. 459), respectively. 


12. Phenyl Olefine ff-Keto-carboxylic Acids 

These are obtained by condensing acetoacetic ester and aromatic aldehydes 
either by means of gaseous hydrogen chloride or, better, by means of primary or 
secondary amines in the cold, a -Benzylidene-acetoacetic ester. Cells-CH:- 
XOOC2H5 

Of , ni-P* 59®, b.p. 181® (17 mm.) (Knoevenagel, Ber. 29, 172; Ann. 

^^OCHa " 

281, 63) . m-Nitro ester, m .p . 112 ° (Biginelli, Gazz . 23,1, 360) . y-Benzylidene- 
diethyl-acetoacetic ester, CeH 5 CH:CH C 0 C( 02 He) 2 -C 00 C 2 He, m.p. 101®. 
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m.p. 124®, obtained from aceto- 


/[1]CH:CC0CH, 

Acetyl-coumarin, C6H4<: I 

\[2]0—C:0 

acetic ester and salicylaldehyde in the presence of acetic anhydride, is slightly 
acidic (c/. coumarin and nitro-coumarin, p. 474) {Widman^ Ber. 35, 1163; 
Knoevenagel, Ber. 37, 4497). See also acetyl-hydroxy-coumarin, p. 491. Acetyl 
coumarin and other acyi-couraarins condense with phenacyl halides to give tri- 

CHCOCiJEIj 

H/% 

C- CCOR 

cyclic ci-acyl-ayfi^phefiacylidene-couinnrins Celliv 1 (Widnian, Ber. 

-CO 


51, 1210: 52, 1662). Allyl-benzoyl-acetic ester, CeHB-CO CHCCHa CH-.CHj). 
COOC 2 H 6 , m.p. 122® (Baeyer, Her. 16, 2132). Methyl- 7 -cinnamal-acetoace- 
tate, allokawmn, C 6 IIbCH:CH CHrCHCOCHjCOOCH*, m.p. 93®, is obtained 
by condensing cinnamal-acetyl chloride with methyl sodio-acetoacetate, followed 
by removal of the acetyl group with aqueous ammonia. For methyl 3,4-methyl¬ 
ene -diozy-cinnamal-acetoacetate, allow e thysiicin, CH 2 O 2 [3,4] CftHgCH: - 

CH-CHiCHCOCHaCOOCHa, m.p. 135-137®, see p. 485 (Borsche, Ber. 60, 1138, 
2120 ). 


7 -Phenyl-«-acetyl-crotonolactone, CelltCiCH CHCCOCIIa^Coi, m.p. 113®, 
is obtained from a(!etophenone-acctoacolic ester (p. 434) on boiling with alcoholic 
potash {BorschCf Ber. 30, 1800). 


13, Phenyl Olefine and Phenyl Diolefine y-Keto-carboxylic Adds 

These are condensation products of (i) aldehydes and 7 -keto-carboxylic acids 
with acids or alkalis, or (2) olefine-dicarboxylic anhydrides, such as maleic or 
citraconic anhydrides, and benzene hvdrocarbons with aluminium chloride. 

^-Benzoyl-acrylic acid, CeHs-CO-CHiCH-COOH, trans m.p. 97®, anhydrous; 
cis-form unknown. It is obtained from maleic anhydride (see above); by the 
action of phenyl- 7 -keto-a-hydroxybutyric acid (p. 433) on sulphuric acid; by 
the action of potassium acetate on bromobenzoyl-propionic acid; and by the 
action of sodium hypoiodite on styryl-acetic acid (Bougaidt^ C.r. 146, 140; Ann. 
ch. ph. [ 8 ] 15, 49i). Its esters isomcrisc in the light. Methyl ester^ m.p. 34®; 
isomeric ester, m.p. 67® {Rice, Am. 45, 222 ). The acid on boiling with acetic 
anhydride loses water and forms first the enol, 061150 ( 011 ) :C:CHCOOH, and 
then the corresponding lactone, and finally dimerises to a irons-dilactone, di- 
phenacyl-fumaric dilactone: 


O-CO 

io-i, 


This compound, known as Pechuvann's dye, consists of red plates with a bronze 
lustre, wiiich sublime on heating and give diphenyl-acyl-fumaric acid (the keto- 
nnd the enol-form) when decomposed by caustic potash {Roger I, Proc. Wash. 10 , 
363; Am. 46, 2871). Trichloro-ethylidene-acetophenone, CcHb-CO-OH: 
OH-OOls, m.p. 102 ®, is obtained from chloral-acetophcnonc (p. 433) by the 
action of sulphuric acid. /3-Benzoyl-crotonic acid, 06 H 5 ‘ 00 * 0 ( 0 H 3 ) iOH* 
OOOH, m.p. 113®, is obtained from citraconic anhydride {Pechmann, Ber. 15, 891; 
Mayer, Ber. 56, 1424). 

/CII 2 COOH 

jS-Benzylidene-laevulinic acid, C 6 H 6 CH:C< , m.p. 125®, is ob- 

\COCHj 

tained by condensing bcnzaldehyde with lae\ailinic acid in acid solution. It is con¬ 
verted into 3-acetyl- 1 -naphthol on distillation, into phenyl-itaconic acid on 
oxidation, and into /9-benzyl-laevulinic acid (p. 432) on reduction. With hydroxy l- 

XH2COO 


amine it gives benzylidene-laevoxime, CellbCHiC^ I , m.p 

\C(CH6)=N 


94 
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S-Benz^idene-laevulinicacid, CsHfi-CHiCHCOCHiCILCOOH^m.p. 120®, 
is obtained by condensing benzaldehyde and laevulic acid in alkaline solution. 
Wlien distilled it gives benzylidene-angelica lactone, m.p. 90® {Erdmann^ Ber. 
24, 3202). 

a-Cinnamal-laevulinic acid CeHsCH: CH • CH; CH: CH • CO • CHj • CHa • COOH, 
m.p. 161®, forms sulphur jrellow crystals, and is obtained by condensing cinnam- 
aldehyde and laevulinic acid in the presence of pyridine {Rape, Ber. 38, 1113). 

14 . Phenylhydroxy-olejine-y-keio^carboxylic Acids 

Cinnamoyl-lactic acid is a representative of this group. Its ethyl ester, 
CeHiCHrCH COCHa CHOH COOCaHs, b.p. 173® (6 mm.), is obtained from 
cinnamoyl chloride and ethyl lactate in the presence of pyridine (Sabetay^ Bull. 
47, 436). 


15. Phenyl Olefine-a,y-diIteto-carboxyUc Acids 

Cinnamoyl-pyruvic acid, CeHsCHiCH-CO CHaCOCOOH, forms bright yellow 
needles, m.p. 139-140®. Its ethyl ester, m.p. 70®, is obtained from benzylideue- 
acetone and ethyl oxalate in the presence of sodium. One molecule of the eater 
combines with hydroxylamine to form an iaoxazole ring {Ryan, Irish, Ac. 1913). 


16. Phenyl Olefine- and 17. Phenyl Diolefine-dicarboxylic Adds 

Benzylidene-malonic acid, CftH 5 CH:C(COOII) 2 , melts with the formation of 
cinnamic and allocinnamic acid (p. 465). It is obtained from benzaldehyde and 
malonic acid in the presence of acetic acid. A mixture of benzylidene-aniline or 
similar compounds with malonic acid, gives cinnamic acid on heating {Kuoeve- 
nagel, Ber. 31, 2596). Its ethyl ester, b.p. 198® (13 mm.), is obtained froni 
benzaldehyde and malonic ester in the presence of hydroc;hloric acid or amines. 
It enters into addition reactions much more readily than the free aend. Its 
rnethyl ester gives methyl ^-anilino-benzyl niolonaie, m.p. 117®, with aniline, and 
methyl fi-pkenylhydrazino^beazyl malorMle, m.p. 94®, with phonyIhydraziiio 
{Goldstein, Ber. 29, 813). With substituted benzaldehydes, substituted benzyli- 
dene-malonic acids are obtained, such as o-nitro>benzylidene-malonic acid, which 
is reduced by ferrous sulphate and ammonia to /3-carbostyril-carboxylic acid 
{Stuart, J. 53, 140; Knoevenagel, Ber. 31, 2596). a-Cyano-cinnamic acid, 
✓COOH 

CaH,CH:C< , m.p. 180®, is obtained from benzaldehyde and cyanoacetic 

^CN 

acid on warming, or from benzaldehyde and cyanoacetyl chloride on rapid boiling. 
It is converted into cinnamonitrile (p. 465) on heating. Methyl ester, m.p. 70®; 
ethyl ester, m.p. 50®. A number of semi-nitriles of similarly constitute aromatic 
malonic acids have been obtained by combining the more accessible aromatic 
aldehydes with cyanoacetic acid {Komppa, Ber. 27 R, 262). The dinitrde, di- 
amide, and nitrile^mide of benzylidene-malonic acid, m.p. 87°, 190°, and 23®, 
respectively, have also been synthesised by condensing benzaldehyde with raalono- 
nitrile, malonamide, and cyanacetamide {Heuck, Be^^8j^251; Walter, Ber. 35, 

1320). Benzylidene-barbituric acid, C#H»-CH:C<f ^CO, is readily ob- 

^conh/ 

tained by condensing benzaldehyde with malonyl-urea {Conrad, Ber. 34, 1340). 

✓[llCH:CCOOH 

CarbostTril-a-carboxylic acid, CJIi< j , is obtained from 0 - 

\[21NH.C10 

amino-benzaldehyde and malonic acid at 120®, or from o-nitro-benzylidene- 
malonic acid (see above) {Stuart, J. 53, 140). Its silver salt gives carbostyril 
when heated. 

✓lUCHrCCOOH 

Coumarin-a-carboxylic acid, CiH^ I , m.p. 187®, decomposes 

^[2]0— 

into carbon dioxide and coumarin at 290®. This compound is obtained from sali- 
cylaldehyde and malonic acid in the presence of acetic acid or amines {Knoeve- 



CINNAMAI.-MALONIC ACID 


489 


a^Coumarin-carhoxylic amide, m.p. 
172,724); cf. ethyl jS-hydroxy-coumarin-a- 


nagel, Ber. 31, 2593). It has also been obtained from ar-cyano-coumarin, 
/I1]CH:6-CN 

I , m.p. 182®, a condensation product of salicylaldehyde and 
\[2]0—CO 

ethyl cyanoacetate {Beckert, J. pr. 50, 1) 

269®; anilide, m.p. 250® (Ger. Pat. “ 
carboi^late (p. 491). 

Cinnamal-malonic acid, phenyl-buladiene--dicarhoxylic cLcid, CeHj’CH: 
CH«CH:C(C00H)2. m.p. 208®, is obtained from cinnamaldehvde, calcium 
malonate, and acetic acid (Staudinger, Ber. 56, 699). It is yellow, but dimerises 
and becomes colourless when expos^ to light. The dimeric modification is 
oxidised to a-truxillic acid (Vol. II, p. 41) and possibly, like this compound, 
contains a cyclobutaiie ring. With concentrated sulphuric acid, the monomolec- 
ular form is regenerated. When heated, the dimeric acid gives a dimeric 
cinna.mal'-acetic acid, m.p. 204® (Koehler, Am. Ch. J. 28. 235; Riiber Ber. 35, 
2411; 46, 335). Monoraolecular cinnamal-malonic acid loses carbon dioxide on 
beating and gives a mixture of stereoisomeric cinnamal-acetic acids (p. 480). 
Methyl and emyl esters m,p. 67® and 36®. When reduced with sodium amalgam 
it gives l,4-hy(lrocinnamal-malonic acid, C 6 H 5 CH 2 CH:CH 011(00011)2, m.p. 
107® (decomp.). When this is heated with caustic soda it changes to 3,4- 
hydrocinnamal-malonic acid, 06 H 6 CH 2 CHt 0 H: 0 { 000 H) 2 , m.p. 116® (decomp.) 
( Thiele, Ann. 306,259). When the reduction is carried out catalytically, ^adual 
hydrogenation does not take place, but w-phenyl-w-propyl-malonic acid, m.p. 
98®, is the only product (Paal, Ber. 45, 2221). Cinnamal-cyanacetic acid, 
0»n&*0H:0H-0Il:0(CN)C00Il, m.p. 212®, forms a stable and an unstable 
ethyl ester, both melting at 113® (Reimer, Am. Oh. J. 50, 157). 3.4-Meihylene- 
dioxy-cinnamal-malonic acid, (OH 2 O 2 )[3,4]0«HjCH:OH *0H: 0(C00H)2, melts 
at 223®, decomposing into carbon dioxide and isopiperic acid (p. 481) (Oil, 
Ber. 55, 2662), 

Phenyl-allvl-malonic acid, CflHjC(CH 2 CH:OH 2 )(COOH) 2 , m.p. 145® (de¬ 
comp.), has been obtained in the form of its ester by the action of allyl iodide on 
ethyl phenyl-malonate (Wislicenve, Ber. 29, 2600). 

CHCOOH 


Phenyl-maleic acid, 0 «H**(!!j-COOH, forms an anhydride, m.p. 119®, at less 
than 100®, This anhydride is also obtained, together with phenyl-malic acid, 
when the reaction product of phenyl-succinic acid and bromine or phosphorus 
bromide is treated with water [Alexander, Ann. 258, 67). 

Phenethyl-fumaric acid, m.p. 202®, and phenethyl-maleic acid, m.p. 104® 
(anhydride, m.p. 74®), are both obtained from acetone and benzyl-pyruvic acid, 
which combine to form acetone-benzyl-pyruvic acid. This is dehydrated and 
converted into an acid, CeH 6 CH 2 CH 2 *C(COOH) :CH*COCHj, which is oxidised 
with sodium hypochlorite. The two acids are separated by means of their sodium 
hydrogen salts [Cordier, C.r. 186, 869). 

yCH:CCH2COOH 

Coumarin-<x-acetic acid, CfH 4 <^ , m.p. 160®, is obtained 

from salicylaldehyde, succinic anhydride and sodium succinate at 170-180®. 
a,a-Dicoumarin, m.p. 315®. is obtained at the same time. It can also be ob¬ 
tained from phenol and hyaroxymethylene-succinic ester in the presence of sul¬ 
phuric acid (Dey, Indian J. 8, 817). 

yC(COOH):CH 

Cotimarin-^-carboxylic acid, CeH 4 <. , m.p. 180®. When its 

silver salt is distilled it decomposes into carbon dioxide and coumarin. Its ethyl 
ester, m.p. 78®, is obtained from phenol and oxalacetic ester in the presence of 
sulphuric acid. Resorcinol and oxalacetic ester in the presence of sodium ethylate 
give umbelliferone-/3-carbozylic acid, resorcyUmaleic lactone. 

.C(COOH):CH 

HO[41CtH,<^ m.p. 248® [Pechmann, Ber. 34, 381, 422). 

For two ooumarm-/3-acetio acids, substituted in the benzene nucleus, 
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C,H, 


•c 


C{CH,COOH):CH 


<!;o 


and tho unstable CeH. 




C(:CHCOOH)CH* 


lo 


which 


are obtained from phenols and acetone-dicarboxylic acid, see Dey, J. 107, 1606. 
BENZYLIDENE-SUCCINIC ACIDS. Phenyl-itaconic acid, 

CeHsCH 

HOOC*01121500011, m.p. 192® (decomp.). Dimethyl ester, b.p. 186® (19 mm.) 
is obtained (1) from ethyl succinate and benzaldehyde with sodium ethylate 
(Hecht, Mo. 24, 367); (2) from phenyl-paraconic ester with sodium ethylate, or 
better, in both cases, with sodium in ether {Cordier, Ann. ch. [10], IS, 228). 
When heated with acetic anhydride {Dieckmann, Ber. 47, 1435), or when fused, 
preferably in a vacuum, it loses water and forms its anhydride, m.p. 165®. This, 
every time it is fused, isomerises to a slight extent to phenyl-citraconic anhydride, 
m.p. 60® (Fittig, Ann. 305,26, 49), and this, with water, gives phenyl-citraconic 
acid, m.p. 105-108®. When phenyl-citraconic acid is dissolved in chloroform 
containing a little bromine, and exposed to light, it rearranges to phenyl-mesaconic 

CeHeCH 

acid, m.p. 212®. A fourth isomer, phenyl-aticonic acid, HOOC• 1 !j*CH 2 COOH. 
m.p. 149-151®, which is stereoisomeric with phenyl-itaconic acid, is formed 
partially when any of the three preceding compounds is boiled with aqueous caus¬ 
tic soda. With cone, sulphuric acid, phenyl-itaconic acid merely gives an an¬ 
hydride, but phenyl-atic<mic acid readily loses water and is converted into a- 

indone-acetic acid, C«H 4 < %C *011200011. This is regarded as evidence of 

^00/ 


the cis-position of phenyl and carboxyl groups in phenyl aticonic acid (c/. Vol. I, 
p. 571, and Fittig, Ann. 304, 130; 305, 35; 330, 292; Stobhe, Her. 41, 3983). 

[ 1 ] CH=0 • OH (OH 3 ) OOOH 

Coumarin-a-propionic acid, C«H 4 <f I , m.p. 171®, is 

\[2]0-CO 

obtained together with o-hydro^phenyl-methyl-isocrotonic acid by the condensa- 
ton of salicylaldehyde and sodium pyrotartrate in the presence of acetic anhy¬ 
dride. When distilled it readily forms a-ethyl-coumarin {Fittig, Ann. 255, 285). 

Methyl-phenyl-itaconic acid, 0 «n*C(CH 2 )=C(Cp 0 H) CH^a COOH, m.p. 
171® (decomp.), is obtained by condensing ethyl succinate with acetophenone in 
ether solution with sodium ethylate as condensing agent. Anhydride, m.p. 114®. 
It isomerises in different ways, like phenyl-itaconic acid (see above) {Stohbe, Ber. 
37, 1619). 

Styryl-succinic acid, CeH 5 CH:CH*CH(COOH;)CH 2 COOH, m.p. 173®, is ob- 
tain^ from cinnamylidene-malonic ester by the action of alcoholic potassium 
cyanide, followed by hydrolysis of the reaction product (c/. phenyl-succinic acid, 
p. 435, and Thiele, Ann. 306, 254), 

Cinnamal-succinic acid, C 4 H 5 CH:CH*CH*C(COOH)CH 2 COOH, m.p. 215- 
218® (decomp.), is obtained from cinnamaldehyde and ethyl succinate, using 
sodium ethylate as condensing agent. It is reduced by sodium amalgam to 
ph^methyliderie^yrotartaric acid, C 6 H 6 CH 2 CH:CHCH(COOH)CH 2 COOH, which, 
when boiled with caustic soda, changes to phenethyUitaconic add, CeHftCH 2 CH 2 - 
CH:C(C00H).CH2C00H, m.p. 153® {Fichter, Ber. 34, 2188; but c/. Fittig, 
Ann. 331, 151). 


Phenyl-hydrozymaleic anhydride, C«H667c(OH)CO • O 60 + IH 2 O, m.p. 
<100®, and 163® (anhydrous), is obtained by the action of cold sulphuric acid on 
phenyl-oxalacetic or a-cyanophenyl-pyruvic ester. It decomposes slowly in the 
cold and more rapidly on warming into phenyl-pyruvic acid and carbon dioxide. 
If it is warmed with alcohols, esters of phenyl-pyruvic acid are formed {Bougault, 
C.r. 162, 760). 

^-Phenyl-glutaconic acid, CcHbC (CH 2 COOH): CHCOOH, m .p. 154 ®, is obtained 
from the condensation product of phenyl-propiolic ester with sodio-malonic ester; 
its ester b.p. 187® (11 mm.). With ammonia it gives y-y/icayi-a,a'-dihydroxy- 
pyridine {kuhemann, J. 75,245; Michael, J. pr. 49,20; Feist, Ann. 370,72; 428, 
40). 



PHENYLHYDROXY-OLEFINE DICARBOXYLIC ACIDS 491 


/3-(p.Methoxyphenyl-)elutaconic acid, CH30[41C»H4-C{CH2C00H) :CH- 
COOH, m.p. 176°, is obtained by condensing anisole with acetoiie-dicarbox- 
ylic acid. Its anhydride^ m.p. 160°, is obtained when the acid is heated to 180°, 
or boiled with acetic anhydride. On boiling with HCl it gives p-isopropenyl- 
anisole (p. 451) {Limaye, Indian, 8, 137). 

a-BenzyUdene-glutaric acid, C»H 5 CH:C(COOH)CH 2 CH 2 COOH, m.p. 177° 
{Fiiiig. Ann. 282, 338; Fichter. Ber. 31, 2004). 

a-Benzyl-glutaconic acid, C 6 H 5 CH 2 CH(COOH)CH:CHCOOH, m.p. 145° 
{Conrad, Ann. 222, 261). The ethyl ester, b.p. 203° (10 mm.), gives henzyU 
dihydroxypyridine with aqueous ammonia at 100° {Ruhemann, J. 63, 259). 
Styryl-glutaric acid, CeHsCHrCH-011(011200011)2, m.p. 135°, is obtained from 
the condensation product of ^-styryl-acrylic ester and sodio-malonic ester, or by 
the oxidation of /3-styryl-dihydroresoreinol (Vol. II, p. 112) with sodium hypo¬ 
chlorite {Vorlander, Ann. 345, 206). 

4 

18. Phenyl Olefine Tricarboxylic Adds 

Ethyl - phenyl - carboxy - aconitate, 06H50(00002 Hb)20(00002H6) : CHOOO- 
O 2 HB, and benzyl-car boxy-aconitate are obtained from phenyl and benzyl-malonic 
esters by the action of ethyl chlorofumarate {Ruhemann, J. 81, 1212). 


19. Phenylhydroxy-olefine Dicarboxylic Acids 


/3-Styryl-paraconic acid, OeHsOH: <5 h • CH ;CH(COOH)CHjCO(!), m.p. 145°, 
obtained from cinnamic aldehyde and succinic acid, gives /3-styryl-crotonic acid 
(p. 481) on boiling with water {Bougault, C.r. 142, 153). 

Ethyl ^-hydroxy-coumarin-a-carboxylate, or a-carhethoxy-bemotetronic acid, 

yC(OH):CH-COOC2H6 

CftH 4 <; I , m.p. 101°, is obtained by the condensation of 

\n- r.n 


aretosalicylic chloride and sodio rnalonic ester, sodium chloride and ethyl acetate 
being set free. j8-Hydroxy-a-cyanocoumarin, m.p. 242°, and /3-hydro^-a- 
acetyl-coumarin^ m.p. 134°, are obtained in a similar manner from acetosalicylic 
chloride and sodium cyanoacetic or acetoacetic esters {Anschutz, Ann. 367, 169). 
The latter compound seems to be formed also when sodium acts on warm phenyl 
acetate {Perkin, J. 119, 1284). 


20 . Phenylene-hydroxy-olefine Dicarboxylic Acids 

Phthalyl acetic acid and isocoumarin-carboxylic acid are related to each other 
in the same way as methylene-phthalide is to isocoumarin, Phthalyl-acetic acid 
and its homologues have been prepared from phthalic anhydride by Perkin's 
reaction. 

.C-=CH.COOH 

Phthalyl-acetic acid, CbHK \ > melts above 260° (decomp.). 

^COO 

When distilled in a good vacuum it decomposes into carbon dioxide and methylene 
phthalidc (p. 482). With excess alkali it gives o-carboxy-benzoyl-acetic acid 
(p. 440). With water, carbon dioxide is given off and o-acetyl-benzoic acid is 
formed. When it is heated with ammonia, phthalimidacetic acid is formed, and 
alkylamines react in a similar manner. It is converted into the sodium salt of the 
isomeric diketo-hydrindene-carboxylic acid by sodium methylate {Gabriel, Ber. 
26,935). 

.[l]CH-=CCOOH 

Isocoumarin-3-carboxylic acid, CeH 4 < J , m.p. 227°, is ob- 

\[2]CO—O 

tained from o-carboxyphenyl-glycerolic lactone (p. 440) by the action of hydrogen 
chloride at 160°; cf. isocoumarin. It is readily converted by ammonia into 

/ll]CH=C-COOH 

isocarbostyril-3-carboxylic acid, C 6 H 4 <C I , m.p. 320° {Bamher- 

\[21CO-~NH 
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ger^ Her. 25, 1138). For the synthesis of the latter from hippuric acid and the 
ethyl ester of phthalaldehydic acid by way of the oxazolone, see Rain, J. 105, 
2392. Isocoumarin-carboxylic acid splits into o-toluic acid and oxalic acid when 
boiled with caustic soda {Bamberger, Ann. 288, 134). For the formation of 
yhydroxy-ieocarbostyril-carhoxylic ester from phthalyl-glycocollic ester, see p. 387, 

✓CviCHOH) 'COOCiHs 

Ethyl hydroxy-methylene-homophihalate, , is a 

^COOCjHs 

colourless, strongly acidic oilj which is obtained by condensing homophthalic and 
formic esters. At 100^, it is converted into ethyl isocottmarm-4-carboxylate, 
xC(COOC2H6):CH 

C*H 4 < j , m.p. 68®, which is reconverted by alkali into formic 

\CO-0 

and homophthalic acid, and gives ethyl isocarbostyril-4*carboxylate, 
X(d00C2H5):CH 

C.H4< I ,m .p. 227°, with ammonia. 


SI. Phenylene-hydroxy-olefine Tricarboxylic Acid 
/C:C(COOCsH,)» /CO. 

Phthalyl-malonicester, CJI«< ^ ,orCJI«< >C(COOCiH,), 

\COO \CCK 

(Scheiber, Ann. 389, 121), m.p. 74°. w obtained together with ethyl phthalyl- 
dimalonate (p. 441) by the action ol phthalyl chloride on ethyl sodio-malonate 
(Wielicenus, Ann. 242, 46). Ethyl phthalyl-cyanoacetate, 

/C:C(CN)COOCjH, 

CJl 4 <^ , m.p. 175°, is obtained from phthalyl chloride and 

^CO-O 

ethyl sodio-cyanoacetate (MuUer, C.r. 116, 760). 



n. MULTINUCLEAR AROMATIC COMPOUNDS 


By A. Butenandt and R. Tschesche 


In the same way as alkyl groups can be combined with each other, 
or can be introduced into the benzene nucleus, the hydrogen atoms of 
the benzene ring can be replaced by phenyl, tolyl, and benzyl groups, 
and by other hydrocarbon radicals. In this way there are produced: 
(d) the phenyl-benzenes, in which the benzene nuclei are directly 
linked with each other, e.g. 

C,HrC.H, CJT.-C.H 4 CH, CJl 4 (CJT,), CJI,(C.H,),. 

Diphenyl Phenyl-tolyl Diphenyl-benzenes Triphenyl-benzenes 

and (B) the polyphenyl paraffins, olefines, and acetylenes, in which the 
benzene nuclei are linked together by paraffin residues, e.g., 


C,H.. 

CJl/ 


CH, 


Diphenyl- 

methane 


(C.H 4 ),CH 


Triphenyl- 

methane 


(C,H.) 4 C 

CJI,- 

Tetraphenyl- Dibenzyl 
methane 



CeHjCH 

CJI,-(!h 

Stilbene 


cjt,c 

Tolane 


In addition there are (C) the aromatic hydrocarbons with con¬ 
densed nuclei. 


A. Phenyl-benzene Group 

1. DIPHENYL GROUP 

The fundamental hydrocarbon of this group is diphenyl, or phenyl- 
benzene. 

Diphenyl, phenyl-bemene, CnHw, m.p. 71°, 

b.p. 254°, occurs in small quantities in coal-tar. It is produced (1) 
by passing benzene through a red-hot tube {Berthelot, Z. f. Chem., 
1866, 707; Schtdtz, Ber. 9, 547; La Caste, Ann. 230, 5); (2) by the 
action of sodium on bromobenzene in ether or benzene solution, 
in which case it is accompanied by more highly condensed hydro¬ 
carbons {Fittig, Ann. 121, 363; Weiler, Ber. 29, 115), or better from 
iodobenzene and copper powder, by heating to 230° (UUtmnn, Ann. 
332, 40); (S) from phenyldiazonium chloride (o) by the action of 
benzene and aluminium chloride, (6) with benzene and stannous 
chloride, (c) from phenyldiazonium sulphate by the action of alcohol 
and copper powder, (d) from phenyldiazonium sulphate by warming 
with benzene (GaUermann, Ber. 23, 1226; Mohlau, Ber. 26, 1997); 
(4) as a by-product in the preparation of phenyl-magnesium halides 
by the action of phenyl halides on magnesium in ether solution; and 

403 
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directly from phenyl-magnesium halides by the action of cupric salts 
or ferric chloride in ether {Krizewsky, J. 115, 559; Michailenko, 
C. 1923, III, 1014). 

It is oxidised by chromic acid in glacial acetic acid to benzoic acid, and reduced 
by sodium and amyl alcohol to tetrahydrodiphenyl. CisHh, b.p. 245^, the di> 
bromide of which is converted into dihydrodiphenyl, CuHu, b.p. 248®, by the 
action of alcoholic potash (Bamberger. Ber. 21, 846): a dihydrodiphenyl, m.p. 
66 ®, is obtained from the phenyl-dihyaroresorcinol (Vol. II, p. 112) of which the 
tautomeric diketo-form is reduced to the corresponding dihydric cyclohexanol: 
two molecules of water are removed from this by phosphorus pentoxide (Knoeve- 
nagelf Ann. 289, 168). Hexahydrodiphenyl, phenyl^cyclohexane, CeHs-CsHu, 
m.p. 7®, b.p. 239®, is obtained by synthesis from benzene and chlorocyclohexane 
by means of aluminium chloride (Kurssanov. C. 1907, I, 1745). Perhydro- 
diphenyl, dicyclohexyl, CeHn-CcHu, see Vol. II, p. 152. 

On treatment with, methylene chloride and aluminium chloride, diphenyl gives 
duorene (Adam, C.r. 103, 207). 

ALKYLATED DIPHENYLS can be obtained: 1 . from their amino-compounds 
by the action of nitrous acid in alcoholic solution (Schultz, Ber. 17, 468; Stolle, 
Ber. 21,1096); from bromo-alkylbenzenes by the action of sodium; compounds 
belonging to the diphenylmethane and dibenzyl series are obtained as by-products 
in these reactions (Zincke, Ber. 4, 396; Weiler, Ber. 32, 1056; 33, 334); 8 , from 
iodo-alkyl-benzenes by heating with copper powder (Ullmann, Ann. 332, 38: 
Schreiner, J. pr. [2], 81, 422); 4* from diphenyl, alkyl or ethylene chloride ana 
aluminium chloride (Adam, C.r. 104,691); S. from aromatic diazonium chlorides, 
see p. 125. 6 , Unsymmctrical diphenyls can be obtained from phenylcyclo- 
hexane derivatives, see Kenner, J. 1931, 769. The position of the alkyl radical 
can be determined by oxidation, if it is not obvious from the constitution of the 
starting material. 


o-Phenyl-toluene, 2-melhyl-diphenyl, b.p. 255-258® (Kliegl, Ber. 53, 1655). 
w-Phenyl-toluene, 8 -methyUdiphenyl,h.p, 272-277® (Adam, Bull. [2], 49, 98; 

Poinier, ib'id, [3] 7,181; Jacobsen, Ber. 28, 2546). 
p-Phenyl-toluene, 4-methyl-diphenyl, m.p. 49-50®, b.p. 263-267° (Mohlau, 
Ber. 26. 1996; Gomherg, Ann. 48, 1372). 
m-Ethyl-aiphenyl, 3 -ethyl^tphenyl, b.p. 283° (Adam, Bull. [2], 47, 689 ; 49, 
101; Ann. chim. [6], 15. 249). 

o,o'-Ditolyl. 2 ,2^-dimethyMiphenyl, m.p. 17.8®, b.p. 258® (Ullmann, Ann. 332, 
42: Jacooson, Ber. 28, 2555). 

m,m-Ditolyl, 3,3*-dimethyl-diphenyl, m.p. 5-7®, b.p. 286® (Perrier, Bull. [3], 
7, 182; Ullmann, Ann. 332, 43; ochmtz, Ann. 352, 112). 
o,m'-Ditolyl, 2,3*-dimethyl-diphenyl, b.p. 270® (Schultz, Ber. 17, 471). 

'-Ditolyl, 2 ,4i*-dimethyl-diphenyl, b.p. 272-280° (Carnellcy, J. 29, 13; 32, 
653; 37,707). 

'-Ditolyl, 4,4:*-dimethyl-diphenyl, m.p. 122°, b.p. 295° (Ullmann, Ann. 332, 
44). 

Dimesityl, 2,4,Q,2*,4*,Q*-hexamethyl-diphenyl, m.p. 100° (Meyer, Am. 51, 630). 


For further homologues of diphenyl, see Gomberg, Am. 48, 1372; Moyer, Am. 51, 
630: Boevaker, Bull. [4], 45, 645. 

Hydrated derivatives of the diphenyl series have been obtained by the syn¬ 
thetic methods described on p. 114 of Vol. II for the preparation of cyclohcxenone. 
Thus, phenyl-methyl-cyclohezenone, 


/CHa—CO 
NzJH: 


r~C(CH,)‘ 


CH, 


m.p. 36°, is obtained from benzylidene-6is-acetoacetic ester. It gives, on reduc¬ 
tion, phenyl-methyl-cyclohezanol, C«H$*CeHt(CHi)(OH), b^. 177° (20 mm.), 
which is converted into phenyl-metiiyl-cyclohezene, CeH^-CeHsCCHa), b.p. 129*^ 

i l7 mm.), by elimination of water (Knorr, Ann. 303, 259); see also phenyl- 
ihydro-resorcinol. Cyclohezyl-2-cyclohezanol, C«Hii*C«HioOH. m.p. 31®, b.p. 
270°, is obtained by reduction of cyclohexylidene-cyclohexanone (Vol. II, p. 152) 
(Watlach, Ber. 40, 70). 
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Suhstitvtion Products of Diphenyl^ 

Theory predicts the existence of three isomerides of each mono-substitution 
product of diphenyl. Cl, Br, NO 2 , S0|H, preferentially enter the p-position 
with respect to the linkage between the two benzene nuclei. In addition to the 
p-, and p,p '-derivatives, 0 , 0 and o^p '-derivatives are also produced. The p,p '- 
derivatives with two different substituents give two different substituted benzoic 
acids on oxidation. Thus^ p-bromo-p'-nitrodiphenyl give both p-bromo- and 
p-nitrobenzoic acids on oxidation (see benzidine). From the aminodiphenyls. 
and especially from benzidine, or p,p'-diaminodiphenyl, and from the diphenyl 
sulphonic acids, numerous derivatives of diphenyl can be prepared by essentially 
the same methods as for the corresponding benzene derivatives. 

It is noteworthy that 0 , 0 '-disubstitution products are known in which a divalent 
atom, such as O and S, or a divalent group, such as NH, CH 2 , CO, replaces two 
hydrogen atoms in the o-position to the link joining the two benzene nuclei. 

Of the more important of such diphcnylene compounds: 



Diphenylene Diphenylene Carbazol Fluorene Fluorenone 

oxide sulphide 


the first three are dealt with as heterocyclic compounds in connection with furan. 
thiophene, and pyrrole, from which they can also be derived. They are produced 
by pyrolysis from phenyl ether, phenyl sulphide, and diphenylamine, respectively. 

Optically Active Diphenyl Derivatives. Molecular Asymmetry 

A very remarkable type of isomerism is observed in the case of 
the ortho- (2,6,2',6') substituted diphenyl derivatives. Kenner 
and Christie (1922) found that o,o'-dinitro-diphenic acid (p. 506) 
could be resolved into optical antipodes. These mirror-image 
isomerides were also found for many of the ortho-substituted di¬ 
phenyl-derivatives investigated. To explain this ^'molecular asym¬ 
metry’' it was assumed that in the case of suitable ortho-substituents 
the rotation of the phenyl nuclei about their axis was limited, the 
two rings lying in different planes, which could be perpendicular to 
each otW. Compounds of which the isomerism depends on the 
. limitation of free rotation about a simple C—C linkage are called 
atropic isomerides (Kuhn). The most important factors affecting the 
inhibition of free rotation is the space occupied by the substituents in 
the ortho-positions (W. H. Mills); in agreement with this assumption 
is the fact that atropic isomerism of the diphenyl derivatives is only 
observed if the calculated volume of the o-substituents present is 
sufficient to prevent a coplanar arrangement of the two benzene rings. 
Racemisation of the optically active diphenyl derivatives only occurs 
if the two o-substituents can swing over each other. It occurs most 
readily when not all of the four ortho-positions are occupied. The 
velocity of racemisation may be regarded as a measure of the hin¬ 
drance to free rotation. Substitution in the 4,4'-position has no effect 
on the asymmetry, while substituents in the 3,6,3',6'-positions can 
contribute to the asymmetry if the o-positions are occupied with the 
same substituents (e. g., 2,2',4,4',6,6'-hexamethyl-3,3'-diaminodi- 
phenyl; Adams) (Meisenheimer^ Ber. (k), 1425; Mascarelli, Gazz. 58, 
791,866; Kuhny Ann. 455,272; ChalmerSy J. Proc. Roy. Soc. N. S. W. 


* The radical of diphenyl ( » diphenylyl) is also known as xenyi. 
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64,320; CorbelUni, Atti. R. Accad. lincei [6], IS, 968; Shaw^ J. 1933, 
135). For a review of the stereochemistry of the diphenyls, see 
Adams, Chem. Rev. 12,261. 

HALOGENATED DIPHENYLS. 2- and 4-Chlorodiphenyl, m.p. 32% b.p. 
273.8® and m.p. 77®, b.p. 291®, resp. 2- and 4-Bromodiphenyl, liquid, b.p. 
297®, and m.p. 89®, b.p. 310®, resp. 4-Iododiphenyl, m.p. 111®. 4,4'-Difluoro-, 
4,4'-dicbloro-, 4,4'-dibromo-, and 4,4'>diiododiphenyl, m.p. 87®, 148®, 164®, 
and 202®, resp. {Schmidt^ Ann. 207, 333; Cdsteilaneta, Ber. 30, 2800). 2,2'- 
Dichlorodiphenyl, m.p. 59®. 3,3'>Diclilorodiphenyl, b.p. 320-326® {Mascarelli^ 
Gazz. 59, 867). 2,2 -Diiododiphenyl, m.p. 108®, gives with chlorine diphenyl- 
dilodo-tetrachioride, C1*IC6H4 • CeHJCU, m.p. 130-136®, from which 2,2'- 
diiodoso- and 2,2'-diiodo-diphenyl can be obtained. action of potassium 

iodide the latter gives diphenylene-iodonium iodide, I m.p. 211®, 

which is also produced, together with 2,2'-diiododiphenyl from the bisdiazonium 
compound of 2,2'-diaminodiphenyl, and isomerises to the other form of 2,2'- 
diioaodiphenyl on warming (Mascarelti, Gazz. 59. 867). For derivatives of 
4,4'-diiododiphenyl with polyvalent iodine, see Willgerodt, Ber. 42, 3826. For 
fluorodiphenyls see Schiemann, Ber. 62, 1805 ; 64, 1332. 

Perchlorodiphenyl, CisCho, does not melt below 270®. It is often obtained in 
perchlorination reactions (A/cr/c, Ber. 16. 2881). 

NITRODIPHENYLS. Nitration of diphenyl gives o- and p-nitro, and o,o'-, 
and o,p'-dinitrodiphenyl. Symmetrical di- and poly-nitrodiphenyls are easily 
obtained from o- and p-halogeno-nitrobenzenes, and from m-iodonitrobenzenes 
by heating with copper powder (JJllmann, Ber. 34, 2174); they are also obtained 
by the decomposition of the diazonium salts of the nitranilines with hydrochloric 
acid or ammoniacal cuprous oxide solution (Ullmann, Ber. 34, 3802 ; 38, 725; 
VorldndeTf Ann. 320, 123). o,o'- and m,w'-Dinitrodiphenyl can also be ob¬ 
tained from benzidine (Brunner, Ber. 20, 1028). 

o-(2-)Nitrodiphenyl, m.p. 37®, b.p. 320® (lAddens, Ber. 8, 871; Hubner, Ann. 
209. 341). 

m-(3-}Nitrodiphenyl, m.p. 61® (Jacobson, Ber. 36,4083; Fichter, Ber. 37,882). 

p-(4-)Nitrodiphenyl, m.p. 114®, b.p. 340® (Kiihling, Ber, 28, 42; Schultz, 
Ann. 174, 210; Hubner, Ann, 209, 340), 

o, o'-(2,2')Dmitrodiphenyl. m.p, 125* (Ullmann, Ber. 34, 2176; 38, 725). 

m,?n'-(3,3'Dinitrodiphenyl, m.p. 200® (Ullmann, Ber. 34, 2177; 38, 726). 

p, p'-(4,4')Dinitrodiphenyl, m.p. 235® (Ullmann, Ber. 34, 2177; Willstdtter, 
Ber. 39, 3478; Fitiig, Ann. 124, 276; Meyer, Ann, 320, 134). 

o,p-(2,4')Dinitrodiphenyl, m.p. 93® (Kiihling, Ber. 29, 166). 

These dinitrodiphenyls are obtained, amongst other products, from nitroben¬ 
zene and sodium nitrophenyl-an(t-diazotate. 

2,2',4,4'-Tetraiutrodipheiiyl is obtained from 1,2,4-chloro(bromo)-dinitro¬ 
benzene and copper powder; m.p. 165-166® (Ullmann, Ber. 34, 2177; Ger. Pat. 
129,147). 

3,3',4,4'-Tetranitrodiphenyl is obtained from 1,3,4-iododinitrobenzene and 
copper powder, m.p. 186® (Ullmann, Ber. 34, 2179). 

2,2'.4,4'.6,6'-Hexaxiitrodiphenyl, m.p. 238®, is obtained from picryl chloride 
(p. 63) ana copper powder (UUmann, foe, cit .). 

4-Bromo-4'-nltrodiphenyl, m.p. 173®, see Schultz, Ann. 174, 218. 

4,4'-Dichloro-2,2'-^itroaiphenyl, m.p. 136®, is obtained from 2,5-dichloro- 
nitrobenzene or 4,2-chloro-nitraniline (Ullmann, Ber, 34, 3803). 

For other halogeno- and hydrosy-nitrodiphenyls, see Borsche, Ber. 50, 596; 
Raudnitz, Ber, 60, 738; Blakey, J. 1927, 3000; Hinkel, J. 1929, 1838; Gull, J. 
1929. 491. 

When the 2,2'-dinitrodiphenyls are reduced by sodium amalgam in alcohol, 
sodium sulphide, stannous chloride and hydrochloric acid, or eloctrolytically, 
cyclic azoxy-compounds are first produced called phenazone Glides, and then 
azo-compounds, called phenazones (UUmann, Ber. 37, 23). These compounds 
will be dealt with more fully imder the ortfio-aiazines: 
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C(ff4~-NO, C 6 H 4 —NO 

iaH*—NO, ^ Ir 


0,^4—N 

(!j,H4—It 


AMINODIPHENYLS and AMINODITOLYLS can be prepared 
by the reduction of the corresponding nitro-compounds. Of out¬ 
standing technical importance is the formation of 4,4'-diamino- 
diphenyl by the transformation of hydrazobenzene (p. 143) with 
which it is isomeric, since 4,4'-diaminodiphenyl or benzidine is the 
starting material for the preparation of substantive cotton dyes, t.e., 
dyes which attach themselves directly to the fabric without the use of 
mordants. 

o-(2-)-Aminodiphenyl, m.iJ. 49®, is produced from o-phenyi-benzamide by the 
action of bromine and caustic alkali {Graebe, Ann. 279, 266; Hirsch, Ber. 25, 
1974). On passing over heated lime it is converted into carbazole. m-(3-) 
Aminodiphenyl, m.p. 30® (Fichter, Ber. 37, 882). p-(4-)Aminodiphenyl, xenyl- 
amine, m.p. 54®, b.p. 322® (Heusler, Ann. 260, 233; Pummerer, Ber. 54, 2768; 
reaction of benzene with azobenzene hydrochloride in the presence of aluminium 
chloride, cf. p-amino-terphenyl). p,p'-(4,4'-)Nitroaminodiphenyl, m.p. 198®, 
is obtained from p,p'-(4,4'-)diriitrodiphenyl. 

o,o'-(2,2^)DiaminodiphenyI, m.p. 81®, and m,r/i'-(3,3Odiaminodiphenyl are 
obtained by the reduction of 0 , 0 '- and m,m'-dinitrodiphenyl, respectively. If 
0 , 0 '-(2^2') diaminodiphenyl is heated with concentrated sulphuric acid it is con¬ 
verted into carbazole. Its 5is-diazonium chloride gives carbazole with potassium 
hydrosulphide, and on warming the aqueous solution diphenylene oxide is formed 
(Tduberj Her. 26, 1703). By reduction of the /ns-diazonium compound of 0 , 0 '- 
(2,2') -diaminodiphenyl, diphenylene- 0 , 0 '-(2,2') -dihydrazine, 

C6H4[21NHNH2 

I , m.p. 110®, is obtained (Tduher. Ber. 29, 2270). On heating 

C.H4(2']NHNH2 

with hydrochloric acid to 150®, this is broken down into ammonium chloride 
and phenazone (see above). 

Benzidine, 4,4'-diaminodiphenyl, m.p. 127° (Zi/mi, 1845), is pro¬ 
duced by reduction of 4,4'-dinitro- and 4,4'-nitroamino-diphenyl. 
It is prepared technically by the reduction of azobenzene in acid 
solution, the hydrazobenzene first formed being further converted 
into benzidine and o,p'-diaminodiphenyl (diphenyline), a reaction 
which has already been discussed in connection with hydrazobenzene 
(p. 145) {Schmidt, Ann. 207, 330). 

The benzidine is separated from the diphenyline by making use of the sulphate 
of the former, which is almost insoluble in water. Treatment with concentrated 
sulphuric and nitric acids results in the introduction of one or two NOa-groups in 
the m-position to the amino-groups of benzidine. Nitro-p,p'-diaminodiphenyl, 
and 0 , 0 '-dinitro-p,p'-diaminodiphenyl {Tauber, Ber. 23, 794) are produced. 
If diacotbenzidiiie is nitrated. m,w'-diiiitro-»,p'-diacetamino-diphenyl is formed. 
By the action of chlorine ancl bromine, the four hydrogen atoms in the o-position 
to the amino-groups are substituted {Schlenk, Ann. 363^ 332). Oxidation with 
lead dioxide in indifferent solvents converts benzidine into p,p'-diaminoazodi- 
phenyl (p. 499), with the intermediate formation of the unstable p,p'-dipheno- 
^uinone<diimine (p. 503) {cf. the analogous conversion of o-phenylene diamine 
into o,o'-diaminoazobenzene, p. 142) {Willstdtter, Ber. 39, 3474). On the other 
hand, benzidine is oxidised by permanganate, ferric chloride, potassium ferri- 
cyanide, chromic acid, etc., in acid solution, to a blue dye (''benzidine blue"), 
which apparently belongs to the class of quinhydrones and is analogous in struc¬ 
ture to Wuraters dyes (p. 243) {Schlenk, Ann. 363, 324; WtUsUUier, Ber. 41 , 
3248). 

Consiiiution .—^The p-position of the two amino-groups in benzidine (i) follows 
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from the oxidation of 4,4'-bromoiiitrodiphenyl to p-bromo- and p-nitrobenzoic 
acids (5,0), since benzidine (/) is formed from 4,4'-dinitrodiphenyl (;?), which 
can be converted into 4,4'-aminonitrodiphenyl (0), and 4,4'-bromonitrodiphenyl 
(4) (Schultz^ Ann. 174, 227). 


C«H4[4]NH2 


C<Jl4[4]NO, 



(») 

• (4) 

-> 1 T 

(6) 

cai4[4jNO, 

C,H4l41NOj 

1 

Cai4(4]NO, 

COOH 

<[!»H4t4'JNO, 

C6H4[4']NH8 

c!jl4[4']Br 

COOH 

'^(!!.H4[4]Br 

(.6) 


The constitution of benzidine is the basis of one proof of the constitution of di- 
phenic acid (p. 505), and thus of that of phenanthrene, isomeric with anthracene. 

Benzidine has a linear molecular structure. Kaufler proposed a formula for 
benzidine in which the two benzene nuclei did not lie in one plane, but were 
a’nranged over each other in space: 



This formula was, however, based on erroneous observations (Ann. 357j 151; 
Ber. 40, 3250). The linear formula, in which the two amino groups lie in the 
same straight line as the nuclei, has oeen confirmed by the determination of the 
first and second dissociation constants of benzidine. This agrees with the value 
to be expected for the linear molecule (Kuhn), The non-polar character of the 
4,4 '-substituted diphenyls is undoubted proof of the linear molecular form (Kuhn, 
Ann. 455 254; Turner, J. 1926 2476), 

Benzidine sulphate forms small scales with a silvery lustre. For preparation, 
see Teichmann, Z. angew. Ch. 1893,67. On heating with concentrated sulphuric 
acid it gives benzidine sulphone; 

CeH3(NH2)v 

I >02 

C«H3(NH2)/ 

(Griess, Ber. 22, 2467). Diacetobenzidine, m.p. 317®. Thionyl-benzidine, 
(C8H4‘N:S0)2 (Michaelis Ber, 24, 753). Di-(o-nitrobenzyl)-benzidine, m.p. 
227® (decomp.) (Francis, Ber. 29, 1450). 

2,6,2',6'-Tetrachloro- and tetrabromo-benzidines, m.p. 227® and 288®, respec¬ 
tively, sec above. 

N,N'-Dimethylben 2 idine CH 3 NHC 6 H 4 -CeH 4 NHCH,, m.p. 81-82®, see Kuhn, 
Ber. 37, 3771; reaction with oxidising agents, see WillstAtter, Ber. 41, 3250. 

N,N'-Tetramethylbenzidine, (CH 8 ) 2 NC^f 4 ‘C 6 H 4 N(CH*) 2 , m.p. 197®, is also 
obtained from dimethylaniline by oxidation with concentrated sulphuric acid at 
190-200®, or by electrochemical oxidation at a lead dioxide anode (Ullmann, Ber. 
37 29; Fichter, Helv. 5, 166). N,N'-Diphenylbenzidine, C 6 H 8 NHC 6 H 4 *- 
C«H 4 NHC 4 H 5 , m.p. 242® is formed by the action of fuming sulphuric acid on 
diphenylamine (Kadiera, Ber. 38, 3575). 

2-Nitro-4,4'-diaminodiphenyl, m-nitrobenzidine, m.p. 143® (Tauber, Ber. 23, 
796), see benzidine. 2,2 '-Dinitro-4,4 '-diaminodiphenyl, m-dinitrobenziaihe, m .p. 
214® (Tdid)er, loc.cii.). 3,3'-Dinitro-4,4'-diaminodiphenyl, o-dinitro-benzidine, 
m.p. 275® (Cain, J. 101, 2298; 103, 586). 2,3'-Dinitro-4,4'-diaininodiphenyl, 
m.p. 236® (Turner, J. 1926, 1769). 2,2'-Dinitro-tetramcrayl- and -tetraethyl- 
benzidine form red needles, m.p. 229® and 132®, resp. (Ullmann, Ber. 37.29,34). 
3,3 '-Dinitro-4,4'-diacetodiamino-diphenyl melts above 300®. 6,5'-Dinitro-2,2 
diaminodiphenyl (Tauber, Ber. 25. 128). 

2,4^-l)iaminodiphenyl, diphenyUn^ m.p. 45®, b.p. 362®; preparation, see 
benzidine (Schultz, Ann. 207, 348; Heuland, Ber. 22, 3011). 2,4,4'-Triamino- 
diphenyl, m-aminobenzidine, see Tduber, Ber. 23, 797. 2,4,2 ,4'-Tetramino- 
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diphenyl, m,m'-4iaminobenzidine, m.p. 165°, is prepared from 2,2^-dinitro-^4'<- 
diamlnodiphcnyl (see benzidine), or from m,m'Hliamino-hydrazobenzene (mbs, 
J. pr. 2, 66, 661), and is converted into p,p'-diaminocarbazole by elimination of 
ammonia. 

Di-p-phenylene diamine, (NH2)2[2,5]C6H8-C«H8f2',6'l(NH2)2, m.p. 168°, is 
convert^ by heating with hydrochloric acid to 180° into 5,5'-diaminocarbazole 
(Tduher, Ber. 25, 131). 

Diaminodixenylamine, NH(C 8 H 4 *C 6 H 4 *NH 2 ) 2 , m.p. 221°, is obtained by 
heating benzidine with benzidine hydrochloride (Merz, J. pr. [2] 61, 103). 

HOMOLOGOUS BENZIDINES. 3~Methyl-4 4'-diaminodiphenyl, o- 
methyl benzidine, NH 2 C 6 H 4 *C«H 8 (CHs)NH 2 , m.p. 90was obtained from nitro¬ 
benzene and o-nitrotolucno (Hirschf Ber. 23, 3222). 

3,3'-Dimethyl-4.4'-diaminodiphenyl, o-toUdine, m.p. 128°, is obtained from 
o-hydrazotoluene (Guitermann, Ber. 20, 2017; Noelting, Ber. 23, 3253; Schultz, 
Ann. 352, 111). 

An interesting example of steric hindrance is afforded by the action of cyanogen 
bromide and iodo-acetonitrile on the N,N'-tetramethyl derivatives of these two 
homologous benzidines. While N,N'-tetramethyl-3-methyl-benzidine (b.p. 
225°) is easily attacked by these reagents, N,N'-tetramethyl-3,3'-dimethyl- 
benzidine (m.p. 78°) is hardly attacked at all under the same conditions (von 
Braun, Ber. 50, 1651). 

2,2'-Dimethyl-4,4'-diaminodiphenyl, m-tolidine, m.p. 109°, is obtained from 
m-hydrazotoluene (p. 144). Ditolyline, isomeric with this compound, is ob¬ 
tained at the same time (Noeliing, Ber. 23, 3252). 

While o- and m-hydrazotoluene undergo the benzidine transformation with 
acids, p-hydrazotoluene undergoes the semidine transformation under these 
conditions. 

3,3'-Diethyl-4,4'-diaminodiphenyl is obtained from o-nitro-ethylbenzene 
(Schultz, J. pr. [2], 66, 153). 

Diazoamino- and azo-compounds of diphenyl. Diphenyl-his-diazonium 
chloride, obtained by diazotisation of benzidine in hydrochloric acid solution 
combines with 2 mols. of aniline to give 

Diphenyl-bf a-diazoaminobenzene, C«HjNH • N: N CeH 4 • CeH 4 N: N • NHCeH#, 
forming yellow-red crystals, m.p. 180°, which can also be obtained from benzi¬ 
dine and phenyldiazonium chloride. On heating with aniline and aniline hydro¬ 
chloride it isomerises to diphenyl-bta-azoaminobenzene, NH 2 CeH 4 N:NC 8 H 4 '- 
C6H4N:NC6H4NH2, m.p. 159° (Vignon, C.r. 142, 682). 

p p'-Diaminoazodiphenyl, NH2[4]CeH4 C 8 H 4 N:NC«H 4 CeH4[4']NH2, m.p. 
287°, is produced by the oxidation of benzidine with lead dioxide (p. 497), as well 
as by the reduction of p,p'-aminonitrodiphenyl with zinc dust and sodium hy¬ 
droxide, and oxidation of the hydrazo-compound thus obtained (WillsUUler, Ber. 
39, 3479). 

BENZIDINE AZO DYES. The reaction products of the diazonium chloride of 
benzidine with amino-sulphonic acids, phenol-carboxylic acids, and phenol- 
sulphonic acids are of outstanding teclmical importance, since they dye cotton 
directly (Griess, Ber. 22, 2469). The dyestuff concerned is prepared in the form 
of its sodium salt, the aqueous solution of the bis-diazonium chloride being poured 
into the aqueous solution of two mols. of the sodium salt of the other component, 
the hydrochloric acid set free being neutralised by the addition of sodium carbon¬ 
ate; sodium acetate, or ammonia: 

C 6 H 4 N 2 CI CeH 4 (OH)COONa 

14- •+• NaaCOi ** 

C 6 H 4 N 2 CI C«H 4 (OH)COONa 

C 6 H 4 N: N • CeH,(OH) • COONa 

1 + 2NaCl 4- CO 2 + H 2 O. 

C 6 H 4 N: N • C8H8(0H) • COONa 

Diphenyl-bis-diazonium chloride can be conveniently prepared in the solid state, 
and one of its diazo-groups is more reactive than the other (cf, Castellaneta, Ber. 
30,2800; Wedekind, Ber .31,482). It is therefore possible to act upon the sodium 
salt with two different substances in stages, and thus prepare mixed bis-diazo- 
dyes (Lange, Ber. 19,1697; Marline, ibid., 1755; Ger. Pats. 38,795 and 40,954). 
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The following may be mentioned as members of the class of benzidine dyes: 
Chrysamine, flavophenine, 



obtained from diphenyl-&ts-diazonium chloride and sodium salicylate (equation 
above), 

CelL N :N CeHiCNHt) -SOjNa 

Congo yellow, 1 , obtained from diphenyl-M«- 

CeH4 • N t N • OeHjOH 

diazonium chloride by the action of phenol and sulphanilic acid. Both are yellow 
cotton dyes. 

The first commercial red dye was Congo red, which was obtained from di- 
phenyl-&is-diazonium chloride and sodium naphthionate, and was later classed 
among the naphthalene azo-dyes: 



Materials dyed with Congo red are very sensitive to acid, and are turned blue by 
mineral acids. Congo r^ is therefore used as an indicator for the detection of 
mineral acids. Benzoptupurin 4B is derived from Congo red by the introduction 
of two methyl groups in the 3,3 '-positions in the diphenyl nuclei. It is obtained 
from tolidine and naphthionic acid, and is one of the most important of the red 
cotton dyes. It is less sensitive to acids than Congo red. The /8-naphthylamine 
sulphonic acids are particularly valuable in preparing substantive cotton dyes. 

Similar substantive dyes to those given by benzidine are obtained from 4,4'- 
aminomethyl-diphenyl, o^methyl-bemiduie, o-, and m-tolidine, dianiaidine (p. 
501), thiobenzidine, tniotolidine (Ger. Pat, 38,796), p^p^^iaminohenzophenone (p. 
519), and p.p^-diaminoatiJhene (p. 561) (Ger. Pat. 43,204). 

In the case of substituted benzidines, nitro- and sulpho-benzidines, and toli- 
dines, it is a general rule that those which arc substitute in the meta-position to 
the amino-group give rise to inactive, or very weak substantive azo-dyes. Diamino^ 
diphenylene oxvde (Ger. Pat. 61.570), benzidine^sulphone (p, 498) and diamino^ 
earbazole. which contain a third ring, are exceptions {Noelting, Ber. 23, 3252; 
Hirsch, Ber. 24, 1958). 

It is noteworthy that benzidine hydrochloride itself combines with cotton 
and mordants it. It is therefore possible to produce the benzidine dyes actually 
on the thread (Mohldu, Ber. 19, 2014). 

Semi-diazotisation of benzidine is carried out by the action of a diphenyl-p- 
bis-diazonium salt on the aqueous solution of a benzidine salt (Tduber, Ber. 27, 
2627); cf, the migration of the diazo-group (p. 114). On the action of aceto- 
acetic ester, malonic ester, and cyanoacetic ester on the bz«-diazo-compounds of 
benzidine, see Wedekind, Ann. 295,332; Favrel, C.r. 128,318; Bull. [3j, 27,104, 
313 324 

4-Hydrazodiphenyl, C6Hi«CeH4[4]NH-NHi {MdUer, Ber. 27, 3105). 

4,4'-Dihydrazodiphenyl, (C«H 4 *NHNHa)s, m.p. 167® (decomp.), gives a 
characteristic hydrazone with formaldehyde {Nevberg, Ber. 32, 1961); see also 
diphenylene- 0 , 0 '-dihydrazine, p, 497. 

DIPHENYL-SULPHONIC ACIDS. When diphenyl is warmed with sulphuric 
acid, the first product is diphenyl-4-8u!phonic acid, chloride, m.p. 115®. amide, 
m.p. 229®, and then diphenyl-4,4'-diaulphonic acid, m.p. 72®, chloride^ m.p. 
203® {Gabriel, Ber. 13, 390). If the potassium salt of diphenyl-4-sulphomc acid 
is heated it is converted into diphenyl and the potassium salt of diphenyl-4.4'- 
disulphonic acid. Diphenyl-2.2'-disulphonic acid is obtained from benzidine 
2,2'-disulphonic acid (LimprUM, Ann. 261, 310). 
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Diphenylene -sultam. 



m.p. 196°, forms colourless crystals, strongly acidic in character, and is obtained 
from the diazonium compound of o-aminobenzene-sulphanilide on heating in 
acid solution {Ullmarm, Ber. 43, 2694). 

For diphenyM,4'-diniercaptan, m.p. 175°, obtained from benzidine via the 
diazonium xanthate, and for its derivatives see Zincke, Ber. 45, 3467. 

BENZIDUiE SULPHONIC ACIDS: 4,4'-diamino-diphenyl-3,3'-disulphonic 
acid is obtained by heating benzidine with sulphuric acid to 210° (Grieas^ Ber. 22, 
2466; Schultz, Ber. 39, 3341). 4,4'-Diamino-diphenyl-2,2'-disulphonic acid is 
obtained from m-hydrazobenzene sulphonic acid (Limpricht, Ann. 261, 310; 268, 
130; Elba, J. pr. [2], 66, 658). It gives 4,4'-diamino-diphenylene oxide when 
fused with caustic potash. 

o-Tolidine-disulphonic acid, 4,4'-diamino-5,5'-dimethyl-diphenyl-2,2 '-disul¬ 
phonic acid, see Heller, Ann. 270, 359. 

4,4'-Dihydrazo-diphenyl-2,2'-disulphonic acid (see Limpricht, Ann. 261, 323): 

SO,H SOaH 



For derivatives of diphenyl with halogen and SOgH groups in the same molecule, 
see Courtot, Bull. [4], 49, 1047. 

HYDROXY-DIPHENYLS are produced from diphenyl derivatives by methods 
similar to the preparation of phenols from benzene derivatives, and also by oxida¬ 
tion of multinuclear phenols, e.g., by fusion with alkali {Haeusserwanu, Ber. 27, 
2107). 

MONOHYDROXY-DIPHENYLS. p-Hydroxy diphenyl, C.Ha CeH4[4]OH, 
m.p. 165°, b.p. 306°, is produced from phenyldiazonium chloride by the action 
of phenol (Hirsch, Ber. 23, 3708). 

DfflYDROXY-DIPHENYLS. 2,2'-Dihydroxy-diphenyl, m.p. 109°, b.p. 326°. 
is formed from diphenyI-o,o'-disulphonic acid {Limpricht, Ann. 261, 332), ana 
from diphenylene oxide (from coal-tar) by fusion with alkali {Kraerner, Ber. 34, 
1662). On fusion with zinc chloride it is converted into diphenylene oxide. Its 
dimethyl ether, m.p. 165°, b.p. 308°, is produced by the action of sodium or 
copper powder on o-iodoanisole. An ethylene ether, m.p. 98°, is obtained by the 
action of ethylene dibromide {Diels, Ber. 35, 302). 3,3'-Dihydro3ty-diphenyl, 
m.p. 123.5°, is obtained from o-dianisidine and from m,m'-diaminodiphenyl 
{Haeussermann, Ber. 27, 2107), or by fusion of the disulphonic acid with caustic 
potash at 260°. (For its nitro-derivatives, particularly hexanitro-3,3 '-dihydroxy- 
diphenyl, dipicric acid, m.p. above 270°, see Borsche, Ber. 50. 827.) 4.4'-Di- 
hydroxy-diphenyl, m.p. 275°, is obtained from benzidine, diphenyl-p,p'-disul¬ 
phonic acid, from p,p'-diphenoquinone (p. 503) by reduction, and from 
phenol by the action of permanganate {Diarin, Ber. 25, R 335). 2,4'-Dihy¬ 
droxy-diphenyl, m.p. 160°, is obtained from diphenylinc. 2,5-Dihydro^-di- 
phenyl (see below), m.p. 97^, is obtained by reduction of phenyl-benzoquinone. 
3,6,3',5'-Tetramethyl-4,4'-dihydroxy-diphenyl (see below), m.p. 221°, is ob¬ 
tained from tetramethyl-diphenoquinone. 



2,6-Dihydroxy-diphenyl “ Tetramethyl-dihydroxydiphenyl 
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TRDEtYDROXY-DIPHENYLS. 4,3',6'.Trihydroi7^1pheiiyl, m.p. 234.6®, is 
obtcuned from benzoquinone and diazotised p-anisidme, with subsequent reduc¬ 
tion and demethylation Ann. 482, 105). 

TETRAHYDROXY-DIPHENYLS. Dicatechol, (HO) 2 • CeH, • C«H,(OH)a 
m.p. 229®, diresorcinol, m.p. 310®, and dihydroqtiinone, m.p. 237®, are obtained 
from the three dihydroxy-benzenes by fusion with caustic soda {Barth, Ber. 11, 
1336; 12, ^3; von Friedrichs, C. 1916,1,974; Spdth, Mo. 55^ 342). A resorcyl- 
hydro^uinone, 2,6,2'^6'-tctrahydroxy‘biphenyl, m.p. 131®, is obtained by con- 
densauon of benzoquinone with resorcinol (Pummerer, Ber. 60, 1442). 

HEXAHYDROXY-DIPHENYLS. Hexahydroxy-diphenyl, (HO) 3 Cai 2 • - 
C^ 2 (OH)s, is produced by atmospheric oxidation of pyrogallol in baryta solution 
{Harries, Ser. 35, 2694). An isomeric 3,4,6,3'4',5'-hexahydro^-diphenyl has 
been obtained from its 3,4.3',6'-tetramethyl etner, hydrocoenilignon, CuHigOs, 
m.p. 190®. by heating witn concentrated hydrochloric acid {Hofmann, Ber. 11, 
797; Graeoe, Ann. 340, 230). For further derivatives of hexahydroxy-diphenyls, 
see Liehermann, Ber. 45, 1218. 

AMINO-HYDROXY-DIPHENYLS are produced from hydroxy-diphenyls 
{Hirsch, Ber. 22. 335), and from alkyl ethers of hydroxy-azo compounds with the 
p-position free, by the benzidine transformation {Noelting^ Ber. 23, 3256). In 
the coal-tar industry, o-dianisidine, or 4,4'-diammo-3,3'-dimethoxy-diphenyl, 

CH,Ov ^OCH, 

H.N—e' \-<f S—NH, 


obtained from o-nitroanisole, and ethoxy benzidine, are of importance, since their 
diazonium salts give violet, blue, and black substantive dyes with aminonaphtha- 
lene sulphonic acids, napnthol-sulphonic acids, and amino-naphthol-sulphonic 
acids. Among these dyes are azo-violet, benzaanirine, and diamine black (Ger. 
Pats. 47,136, 53,499, and 63,667). 

2,5'-Amino-hydroxy-diphenyl, C6Hs-C6Ht[2,51(OH)(NH2), m.p. 199®, is ob¬ 
tained by reduction of 2,6-idtroso-hydroxy-diphenyl, C«H5-C®Hit2,51 (Oil) (NO), 
which is formed by the action of phenyldiazonium chloride on sodium p-nitroso- 
phenate (p. 122). The latter gives 2,6-nitrohydrozy-diphenyl, m.p. 126®, on 
oxidation, a compound which can also be obtained by the action of benzyl methyl 
ketone, C^HeC&COCHj, on nitromalonaldehyde, N 02 CH(CH 0)2 (see p, 25) 
{Hill, Am. Chem. J. 33.1). 4,4'-Amino-hydroxy-diphenyl, m.p. 271.6®, is ob¬ 
tained from phenylhyaroxylamine, phenol, and concentrated sulphuric acid 
{Bamberger, Ann. 390, 152), and is also produced from phenyldiazonium chloride 
and phenol by the action of zinc chloride {Pummerer, Ber. 59, 2175). 

QUINONES OF THE DIPHENYL SERIES. Phenylbenzoquinone, Cells - 
CeHs02, m.p. 114®, is obtained by the oxidation of 2,5-amino-hydroxy-diphenyl 
(see above), or of <i-amino-diphenyl by manganese dioxide and sulphuric acid, 
and gives with sulphurous acid, a stable quinhydrone, which is also formed by the 
oxidation of 2,5-dihydroxy-diphenyl (see above) by the air, the latter compound 
being itself obtained by the action of stronger reducing agents {Borsche, Ann. 312, 
211; Fichter, Ber. 37, 878). 

Special interest attaches to a series of quinone compounds of diphenyl in which 
the two quinone oxygen atoms belong to different benzene rings. The following 
three fundamental forms of these so-called binuclear quinones are possible. They 
are referred to as p,p'-, n,p'- and o,o'-diphenoquinone; 


yCH*=CHv /CH=CHv .CH—COv XH==CHv 

OC< >C:C< >CO CH<f >C:C< >CO 


'^CH==:CH/ 



CO—CHv^ 
CH==CH^ 


CH. 


Up to the present only p,p'-diphenoquinone has been prepared in the free state, 
but N-containing derivatives (quinone-chlorimines) of the other forms are also 
known {Schlenk, Ann. 368, 271). In addition, derivatives of a diparaquinone: 
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e.g., 3,3'-difuc]i8onyl (Bialrgyeki, Heiv. 11, 261) are known: 

C Jl. 

O V 



p.p'-Diphenoquinone, O: C«H4:C«H4:0, decomp, at 165®, is produced by the 
oxidation of p,p'-diphenol with silver oxide or lead dioxide in benzene. It 
crystallises in two modifications, hard prisms, resembling chromic acid, and soft, 
fine, needles. With regard to its oxidising action, it resembles p-benzoquinone. 
Reaucing agents convert it into p,p'-diphenol, diphenoquinhy drone, dark-green 
needles, decomp, at 180®, being formed as an intermediate product (Willstdtter, 
Ber. 38, 1232). 

^5.3 ^5 '-Tetramethyl-p,n '(4,4') -diphenoquinone, O: CeH 2 (CH 8 ) 2 : C»H*- 

(CHa} 2 : 0 , m.p. about 210®, red needles is formed on oxidation of v^c-w-xylenol 
with chromic acid. It gives tetramethyl-dihydroxy-diphenyl (see p. 501) on re¬ 
duction. The corresponding quinhydrone, m.p. 201®, forms steel-blue leaflets 
(Auwers, Ber. 38, 226). 

Tetrachloro- and tetrabromo-p,p'-diphenoquinone are obtained by the oxida¬ 
tion of the corresponding diphenol derivatives with fuming nitric acid in glacial 
acetic acid. They form infusible dark red crystals with a bluish lustre which are 
reduced to the starting substance by sulphurous acid {Maaatti^ Ber. 13, 224). 

Coeruligpon or cedriret is to be considered as a 3,5,3 ,5'-tetramethoxy-4,4'- 
diphenoquinone. It separates as a violet powder in the technical purification of 
pyroligneous acid with potassium dichromate. It is probably formed from 
dimethyl-pyrogallol, contained in beech-wood tar (p. 229) by oxidation, and can 
be obtained in this way by the action of potassiiun chlorate or ferric chloride: 



Coerulignon is insoluble in the usual solvents. It is precipitated from its solu¬ 
tion in phenol by alcohol or ether, in steel-blue fine ne^les. It dissolves in con¬ 
centrated sulphuric acid with a beautiful cornflower-blue colour. On addition 
of much water the solution returns to its red colour. Reducing agents (tin and 
hydrochloric acid) convert coerulignon into the colourless hydrocoerulignon (p. 
502). The latter, on oxidation, is reconverted into coerulignon. It reacts with 
primary aromatic amines with the production of blue dyes (Liebermann^ Ber. 30, 
236). 

For the action of alcoholic hydrogen chloride on coerulignon, see Liebermann, 
Ber. 31, 616: cf, also Schlenk. Ann. 368, 276. 

ALDEHYDES AND KETONES OF THE DIPHENYL SERIES, o- 
Phenvl-benzaldehyde, CeHB-C«H4[21CHO. b.p. 184® (21 mm.), is produced by 
the distillation of o-phenyl-benzoic acid with calcium formate. p-Phenyl- 
benzaldehyde.mm. 67^ b.p. 184® (11 mm. 1, is obtained from diphcnylyf-glyoxylic 
acid, CeH 6 CeH 4 CO'COOH, m.p. 170®^ of which the ester is obtained by condensa¬ 
tion of diphenyl and ethoxalyl chloride, in the presence of aluminium chloride 
(EotMsef, Bull. [3], 17, 809; FarUo, Mo. 19, 684). 4,4'-Diphenyl-dialdehyde, 
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CHO[4]C«H4‘CeH4[4'lCHO. m.p. 145®. Its dianil is obtained by heating p- 
iodo-benzylidene-aniline with copper powder (Ullmann, Ann. 332, 76). 2,2'- 
Diphenyi«dialdehyde, m.p. 67®, is obtained from a),(u,(d',o)'>tetrabromo-2,2'- 
ditolyl, m.p. 138®, and is converted by alkali into w-hydroxy-2-methyl-diphenyl- 
2'.carboxylic acid, HO CH,[21C4H4—C6H4(2'l~>COOH (Kenner, J. 99, 2101). 
With potassium cyanide, it gives phenanthraquinone (Mayer^ Ber. 45, 1105). 
m-Phenyl-acetophenone, CeH»-C«H4[31COCHi, m.p. 121®, is obtain^ from 
diphenyl, acetyl chloride, and aluminium chloride (WiUgerodi, J. pr. [2] 81,394). 
Nitr^henyl-benzaldehyde, NOsC6H4*CeH4CHO, and nitrophenyl-acetophenone, 
N 02 U^ 4 *C 6 H 4 C 0 CHs, are produced from nitrophenyl-antidiazotate with benz- 
aldehyde and acetophenone, respectively, in the presence of acetyl chloride (KiihU 
ing, Ber. 28, 525). o,o'-biacetyl-diphenyl, CHaCOl 2 ]C 6 H 4 C 6 H 4 [ 2 'lCOCH,, 
m.p, 84®, see Zincke, Ann. 363, 305. 

DIPHENYL CARBOXYLIC ACIDS are obtained from derivatives of diphenyl 
in the same way as benzene-carboxylic acids from benzene derivatives. 

DIPHENYL MONOCARBOXYLIC ACIDS: o-Phenyl-benzoic acid, C4H5 - 
C 4 H 4 [ 21 C 00 H. m.p. Ill®, is obtained by fusing diphenylene ketone with caustic 
alkali (Fitiig, Ann. 166, 374), by the distillation of sodium salicylate with tri- 
phenyl-phosphate (Richter, J. pr. [2], 28, 305), from o-amino- and o-methyl- 
diphenyl. If the acid is treated with phosphorus pentachloride, or heated with 
sulphuric acid to 100®, or with lime to higher temperatures, it is converted into 
diphenylene ketone (Pictet, Ann. 266, 142; Graehe, Ann. 279, 259). o-(p'-Nitro- 
phenyl)benzoic acid, m. p. 222-225®, obtained by oxidation of f>-(p'-nitrophenyr)- 
tolyl, yields the corresponding amino acid on reduction ( Kuhling, Ber. 29, 166). 
o-Phenylcyclohexane-carboxylic acid, CeHsllJC^HioplCOOH, m.p. 150®, is ob¬ 
tained synthetically from phcnylpentamethylene dibromide and sodio-malonic 
ester (see Vol. H, p. 19) (Perkin, Jr., Ber. 35, 2122). 

m-Phenyl-benzoic acid, m.p. 160®, is obtained by oxidation of m-methyl- 
diphenyl, m-diphenyl-benzene, and by reduction of bromo-w-])henyl-benzoic acjid 
(Olgiati, Ber. 27, 3390). p-Phenyl-benzoic acid, m. p. 218®, is obtained from />- 
methyl-diphenyl, p-diphenyl-benzene, sodium diphenyl-sulphonate ( Rassow, 
Ann. 282, 143), and p-amino-diphenyl, and by fusing benzoic acid with caustic 
potash. On reduction it is converted into p-phenylhexahydro-benzoic acid, 
CeHftC^HioWCOOH, which exists in a cis- and ^mws-modification, m.p. 113® and 
202®, respectively (Rassow, Ann. 282,139). p,p'-Nitrophenyl-benzoic acid, m. p. 
222-225®, is obtained by the oxidation of p,p'-nitrophenyl-tolyl, and gives, on 
reduction, the corresponding amino-acid (Kuhlina, Ber. 29, 166). 

Diphenylyl-m-acetic acid, CeHs * CeHi [3] CH* • C(50H, m.p. 153®, is obtained from 
m-phenyl-acetophenone (see above) by heating with yellow” aminonimn sulphide 
(see p. 282). 

HYDROXY-DIPHENYL CARBOXYLIC ACIDS. The following acids are 
derivatives of o-phenyl-benzoic acid: 

6-Phenyl-salicylic acid, C4H4l6]CfH4[2](OH)[l]COOH, m.p. 159®, is formed 
when 3-hydroxy-diphenylcnc ketone is fused with alkali (Staedcl, Ber. 28, 112). 
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2 -Phenyl-w-hydroxybenzolc acid, C|H|C6H|[6](0H)[2]C00H, 154®* the 

chief product of fusing d-hydroxy-diphenylene ketone with alkali {Uraehe, Ann. 
284, 307). At the same time o-hydroxyphenyl-o'-benzoic acid is formed (p. 505). 

o-Hydrozyphenyl-o'-benzoic acid, in the form of its lactone, diphen^l-methylo- 
lid (see below), m.p. 92.5®. This can also be obtained, in smaller yield, by the 
action of phosphorus oxychloride on sodium salicylate, and of phenol on the sul¬ 
phate of o-diazobenzoic acid {Graebe, Ann. 284, 316). It corresponds in com¬ 
position to phenanthridone (see below), m.p. 293®, which is obtained from 
diphenaminic acid (Graebe, Ann. 276, 245) by the action of bromine and caustic 
potash. 



Diphenyl-methylolid Phenanthridone 

p-Hydrozyphenyl- 0 '-benzoic acid, HO[41C6H4C«H4[2']COOH, m.p. 206®, is 
formed, together with diphenylmethylolid and phenyl-salicylic acid by the 
action of phenol on diazotised anthranilic acid (Graebe, Ann. 284, 323). 

Diphenyl-dicarboi^lic acids either contain the two carboxyl groups in the same 
or different rings. The most important diphenyl-dicarboxylic acid is diphenic 
acid. 

sym-Phenyl-isophthalic acid, CeHfcC*H3[3,5](COOH)2, melts above 310®, and 
is produced synthetically by boiling benzaldehyde and pyruvic acid with baryta 
\yater (cf. alkyl-isophthalic acids, p. 390) (Doehner, Ber. 24, 1760). 

Diphenic acid, o,o'-(2,2')-diphenyl-dicarboxylic acid, COOH[2]C4H4’- 
C«H4(2'JC00H, m.p. 229®, 



is formed from diazotised anthranilic acid by the action of animoniacal cuprous 
oxide solution (Vorldfider, Ann. 320, 123). Its dimethyl ester, m.p. 74®, is 
formed by heating o-iodobenzoic ester with copper (Ullminn, Ann. 332, 70); it 
is also formed by oxidation of phenanthraquinone (2) with chromic acid mixture 
or by boiling with alcoholic potash. The constitution of phenanthrene (i) fol¬ 
lows from the constitution of the acid. The constitution of diphenic acid (4) fol¬ 
lows from its oxidation to phthalic acid (R. Anschutz and Jopp, Ber. 11, 211), 
and its formation by removing the amino-group from 4,4'-diammo-diphenyl-2,2 '- 
dicarboxylic acid (6), which is produced on the one hand from 4,4'-dinitro-di- 
phenic acid (5) and on the other by the isomerisation of ?n-hydrazo-benzoic acid 
(7) (Schvliz, Ann. 204, 95): 



(9) 


m 
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To this cycle of reactions belongs also the formation of 4,4'-dinitrodiphenic 
acid by the oxidation of 2,7-dinitro-phenanthraquinone (5) and the transforma¬ 
tion of diamino-diphenic acid (0) into benzidine (d), of which the constitution has 
been previously discussed (p. 497), and p,p'-diamino£iuorene (10). 

If diphenic acid is treated with cone, sidphuric acid it is converted into di- 
phenylene-ketocarboxylic acid (p. 683) • Wnen warmed with acetyl chloride or 

C6H4 * COv 

acetic anhydride it gives diphenic anhydride, I m.p. 213® (An- 

C8H4 • CO' 


schUlz, Ann. 226,1). Diphenyl chloride, m.p. 93®, is reduced by zinc and hydro- 

C6H4C(0H) 

chloric acid to phenanthrene-hydroquinone, I 11 (Graebe, Ann. 247, 

C6H4C(0H) 


268). Diphenamic acid^ m.p. 193®, gives phenanthridone (p. 505) with hypo- 
bromite or hypochlorite in alkaline solution (Graebe, Ann. 276, 248). 



Diphenimide, (C 6 H 4 ) 2 (CO) 2 NH, m.p. 219®, see Graebe, Ann. 247, 271. 

2-, 3-, and 4-Nitrodiphenic acids, m.p. 248-250® (decomp.), 268®, and 214- 
216®, respectively, 2,2'- and 4,4'-dinitrodiphenic acids, m.p. 303® (decomp.) and 
253®, respectively, are obtained from nitro- and dinitro-phenanthraquinones by 
oxidation with chromic acid mixture; in the case of 2,2'- and 4,4'-dinitrodiphenic 
acids, the formation of anhydrides is difficult (Schmidt, Ber. 36, 3730, 3738). 
The ester of the 4.4'-acid is also formed by heating 2-bromo-5-nitrobenzoic ester 
with copper powaer. In a similar way, 2,2'-dinitro-diphenyl-4,4'-dicarboxylic 
ester is obtained from 4-bromo-3-nitrobenzoic ester (Ullmann, Ber. 34, 2182). 
The nitrated diphenic acids give amino- and diamino-diphenic acids on reduction. 
from which amino-hydroxy and dihydroxy-diphenic acids can be obtaineci 
(Schmidt. Ber. 38, 3771) (see also p. 505). 

OPTICALLY ACTIVE NITRO-DIPHENIC ACIDS. o-Mono- and 0 , 0 '- 
dinitro-diphenic acids are characteristic o-substituted diphenyl derivatives which 
can be resolved into optical antipodes, according to the phenomenon of molecular 
asymmetry discussed above (p. 495). The same is true of o,p-dinitro- and 
o,p,o'^p'-tetranitrodiphenic acid. Those nitro-diphenic acids which contain 
two mtro-groups in the o-position are not racemised under quite energetic condi¬ 
tions, while those acids which have altogether only three o-substituents are 
racemised (Kuhn. Ann. 455, 272; 458, 221). 

Elia|;ic acid, wnich is a constituent of numerous tannins, and is also found in 
the animal kingdom, is a dilactone of a hexahydrozy-diphenyl-2,2'-dicarboxylic 
acid. Ellagic acid can be synthesised by regulated oxidation of gallic acid, e.g., 
with arsenic acid (Graebe, Ber. 36, 212). 




Ellagio acid 


Isodiphenic acid, (o,m') COOH[21CeH4*CeH4[3']COOH, m.p. 216® is ob¬ 
tained from fluorenone-^-carboxylic acid by fusion with potash (Sieglitz, Ber. 54, 
2070). 

2,4'-Diplienyl-dicarbojylic acid, COOH[2]CeH4-C«H4[4'lCOOH, m.p. 261®, is 
obtained from diphenyline (p. 498) (Reuland, Ber. 22, 3019). 
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3,3^-Diphen]rl-<iicarbo:i^lic acid, m.p. 357^, dimethyl ester, m.p. 104’’y is ob¬ 
tained by heating m-iodobenzoic ester with copper powder {Ullmann, Ann. 332, 
71). 

4,4'-Diphenyl-dicarboxylic acid decomposes at high temperatures. It is pro¬ 
duced from benzidine and by oxidation of 4,4^-<litolyl. Its dimethyl ester, m.p. 
212®, is obtained from methyl p-iodobenzoate, by the action of copper powder 
(Ullmanrif Ann. 332, 73). 

4.4'-Disuninodiphenyl-3,3'-dicarboxylic acid is obtained from o-nitrobenzoic 
acid in the same way as 4,4'-diamiiiodiphenic acid is obtained from m-nitrobenzoic 
acid (Loewenherz, Ber. 25, 2797; Bulow, Ber. 31, 2574). It is converted into 
4,4^-dihydro37diphenyl-3,3'-dicarbozylic acid (or disalicylic acid) through its 
5ts-diazonium compound. The m.p. of disalicylic acid is 302-305®. 

3,3'-Dimethyl-diphenyl-4,4'-dicarboxylic acid, m.p. over 300®, is obtained 
from o-tolidine (p. 508), and gives diphenyl-3,4,3'4'-tetracarbozylic acid, 
diphthalic acid, (COOH)t(3,4]C®Ili*C6Hil3',4'] (COOH) 2 , on oxidation {Loewen- 
herz, Ber. 26, 2486). 

2,2'-Dimethyl-dipheayl-5,5'-dicarbozylic acid, m.p. over 300®, is obtained 
from o-iodo-p-tolunitrile by the action of copper powder and subsequent hydroly¬ 
sis. It gives 2,5,2',5'-diphenyl-tetracarboxylic acid, m.p. over 300®, on oxida¬ 
tion (Kenner J. 103, 232). 2,3,2',3'-Diphenyl-tetracarbozylic acid, m.p. 265®, 
see Kennerf J. 105, 2471. 

For further polyoasic diphenyl-carboxylic acids, and their connection with the 
corresponding pheiianthraquinone derivatives, see Liehennann, Ber. 45, 1186; 
46, 198. 


2 . DIPHENYL-BENZENES 

Two diphenyl-phenylenes, C 6 H 4 (C 6 H 6 ) 2 , are known: m-diphenyl-bcnzene, or 
isodiphenyi-benzene, m.p. 85® b.p. 369®, and p-diphenyl-benzene, or terphenyl, 
m.p. 209-210®. b.p. 383®. They are produced together by passing benzene 
through a red-hot tube (Olgiaii^ Ber. 27, 3385), and by the action of phenyl- 
diazonium chloride on diphenyl and aliuninium chloride (Mdfilau, Ber. 26, 1998). 
The p-compound is formed by the action of sodium on a mixture of p-dibromo- 
benzene and bromobenzene (Wislicenus, Ann. 164, 168), from phenyldiazonium 
chloride and copper powder (Gerngross, Ber. 57, 739, 747), or from cyclohexyl 
bromide, benzene and aluminium chloride, wdth subsequent dehydrogenation 
with bromine (von Baun^ Ber. 60,1180). Isodiphenyl is best obtained from m- 
dichlorobenzene and chlorobenzene by the action of sodium in xylene (Chattaway^ 
J. 69, 980). Terphenyl is also obtained by the distillation with zinc dust of 
many natural diphenyl-benzoquinone dyes (see below). 

1-Methyl-3,5-diphenyl-benzene, m.p. 130®, is obtained from acetophenone 
and sodium ethylate at 130-140® (Gastaldi, Gazz. 45, I, 251). 

p-(2,4)-Diphenyl-phenol, C«H3(OH)[2,4](C«H5)2, m.p. 194®, is formed by the 
coildensation of cinnamic aldehyde and sodum phenylsuccinatc with acetic an¬ 
hydride, the diphenyl-butadiene-acetic acid. CeH 6 CH:CH*CH:C(C«H 6 )CH 2 - 
COOH, formed intermediately, undergoing benzene ring condensation. The 
compound gives terphenyl on distillation with zinc dust (FicMer, Ber. 36, 1407). 

p-Aminoterphenyl, m.p. 198®, is obtained from diphenyl by the introduction 
of the p-aminophenyl raaical by a synthesis due to Pummerer, which is capable of 
modification: the reaction of diphenyl with azobenzene hydrochloride in the 
presence of aluminium chloride (Puminerer^ Ber. 55, 3105). 

2,6-Diphenyl-l,4-nitrophexiol, (C«H6)2[2,6]C6H2[41N02[1]0H, m.p. 136®, is 
obtained synthetically from dibenzyl ketone and nitromalonic aldehyde (see p. 
25). It can be converted into the corresponding aminophenol, quinone, and 
hydroquinone (Hill^ Am. Chem. J. 24, 1). These substances are also obtained 
from diphenyl-nitrosophenol, which is itself prepared, together with phenyl- 
nitrosopnenol (p. 502) from nitroso-phenol and two molecules of phenyldiazonium 
chloride (Borsche, Ann. 312, 227). 

Dibiphenylyl, quaterphenyl, CeH 5 -C«H 4 *C#H 4 *C 6 H 6 , m.p. 320®, is obtained 
from p-iododipnenyl and copper (Ullmann, Ann. 332, 52; Kuhn, Ann. 475, 131) 
or from phenyldiazonium chloride by decomposition with copper, when it is ob¬ 
tained together with diphenyl, terphenyl, and quinquiphenyi, m.p. 388.5® 
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(Graebe, Ber. 57,739,747). Seziphenyl is obtained from p-iodoterphenyl by the 
action of silver, m.p. 475® {Pummerer^ Ber. 57, 87). ^ 

The red coloured 2,5-diphenoquinone (I), m.p. 
214®, is produced from benzoquinone by treatment 
with benzene and aluminium chloride (Pummerer, 
Ber. 55, 3106). It is the parent substance of a 
series of fungus dyes, of which the constitution 
has been investigated by Kdgl, whose results have 
been published in a number of papers. The 
brownish-violet polyporic acid from Polyporus 
nidulans is a 3,6^ihydroxy-2,6-diphenylquinone- 

I, 4 (Kdgl, Ann. 447, 78). The brown dye of PaxiUtis atrotomentosus, atro- 
mentin, is a tetrahydroi^-diphenoquinone (K6gl, Ann. 465, 211), which has also 
been prepared synthetically (Ann. 465, 243). The complex red pigment of 
Amanita rnuscaria, muscarufin, is a derivative of 2,5-diphenoquinone (see Vol. 

II, p. 425). 


O 



1-^ 
(I) 


O COOH 



Atropism of the Terphenyls, Cis4rans Isomeric Terphenyls 

In the diphenyl series, the space arrangement of the benzene nuclei 
gave rise to mirror-image isomerism when there were substituents in 
the ortho-positions (see p. 495). The same spatial considerations 
give rise, in the case of the o-derivatives of terphenyl, to the existence 
of atropic cis- and frans-forms, of which the m-form (I) is resolvable 
into optical antipodes, whilst the frans-forin (II) cannot be resolved, 
as it has a centre of symmetry: 



(racem.-c«8-f orm) (meBO-tran or m) 


For actual examples of this isomerism, see AdamSy Am. S3,343. 

If the four substituents in the middle ring are the same, both the 
m- and the fra/w-forms possess planes of symmetry, so that no active 
terphenyl of this type can be prepared. Examples of this type of 
isomerism are given by Adams (Am. S3,2203). 

3. TRIPHENYL-BENZENES, C«H8(CeH8)3 

Symmetrical or 1,3,5-triphenvl-benzene, m.p. 172®, is formed from aceto¬ 
phenone (p. 283) by heating with phosphorus pentoxide, or by passing hydrogen 
chloride into it, in the same way as mesitylene is formed from acetone (p. 25) 
(MeUin, Ber. 23, 2553), and also by heating phenyl-acetaldehyde with alcoholic 
potash (Stoermer, Ber. 38, 1966). 

1,2,3-Triphenyl-benzene, m.p. 157® (Smithy Ber. 26, 69). Various hydro- 
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genated derivatives of 1,2,3-triphenyl-benzene have been prepared synthetically 
(GoWsc/iwidi, Mo. IQ, 706j Proc. 20, 21; ilfellm, Ber. 23, 2534). 

3,3'-Diphenyl-diphenyl is obtained from S-iodO'^iphenyl and copper powder; 
m.p. 86®. 

4,4'-Diphenyl-diphenyl, m.p. 320®, is obtained from 4-bromodiphenyl and 
copper powder {Bowden^ J. 1931, 1111). 


4. TETRAPHENYL-BENZENES, C«H2(C«H6)4 


1,2,4,5-Tetraphenyl-benzene, m.p. 263-264® (corr. 269-270®), has been ob¬ 
tained by the application of DieW diene synthesis in a perfectly straightforward 
way to the addition of tolane to anhydro-acetone-benzil, or of phenyl-acetylene 
to triphenyl-cyclopentadienone (Dilihey, Ber. 67, 2004): 


C — CeHs (-CO) 


H 

C«H4—C=Cv 
CeH,—C —Cr —C#Hr 

Ah“- 

Anhydro-acetone bensil Tolane 


h.cvY“'‘ 


C,H, 


O—CtHi CH 

+ °-<rJ 




Phenyl- 

acetylene 


C=C—CtH* 

iji, 

Triphenyl-cyclo- 

pentaaienone 


1,2,4,5-Tetraphenyl-benzene is also produced by the action of phenyl-magne¬ 
sium bromide on hexabromobenzene. Hexaphenyl-benzene is not produced in 
this reaction, as was formerly assumed {Durand, C.r. 191,1460; Dilthey, Ber. 67, 
495, 2004). 

1 2,3,4-Tetraphenyl-benzene, C®H 2 (C«H 5 ) 4 , m.p. 190-191®, is obtained in an 
analogous way from triphenyl-cyclopentenolone and phenyl-acetylene, or from 
tetraphenyl-cyclopentadienone and acetylene {Dilthey, Ber. 66, 1627 ; 67, 2005). 


CeH, 

H5Cr-“C=<!\ 

X>-° 


HsCr-C 


A 


H, 


H 

Triphenyl- 

cyclopentenolone 


C— 




C,H, 



C.H, 

I /Crfl. 

CH /C=<X 

A. + 

\ 

CeH* 

Tetracyclone 


Pentaphenyl-benzene. m.p. 246® (corr. 251®), is obtained by condensation of 
tetraphenyl-cyclopentadienone with phenylacetylene {Dillhey, Ber. 67, 2005). 

Hexaphenyl-benzene, m.p. 422® (corr. 449-450®) is produced by the condensa¬ 
tion of tetraphenyl-cyclopentadienone with tolane {Du(hey, Ber. 67, 495). 
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B. Polyphenyl ParafSns 

The simplest hydrocarbon of this group is benzyl-benzene, or di- 
phenylmethane, from which are derived the alkyl-diphenyl-methanes, 
and compounds which contain NO 2 , NH 2 , or OH groups substituted 
in the benzene nucleus. If one of the hydrogen atoms of the CH 2 
group is replaced by OH, benzhydrol, or diphenyl-carbinol is formed. 
It is converted by. oxidation into benzophenone or diphenyl-ketone. 
From the hydrocarbons, secondary alcohols, and ketones, of which 
the simplest members are: 


CJIs—CH,—C,H, CJl.CHOHCdls C»HsCOC.H., 

Diphenyl-methaue Dipbenyl-carbinol Benzophenone 


are derived the corresponding carboxylic acids, e.g., 



C.H5 

C6H4COOH 


Benzylbenzoic acid 


H. ,C.Hs 
HQ/ ^Crfl.COOH 

Benzhydrol-oarboxylic acid 


/C.H. 

OC< 

\CeH4COOH 
Benzoyl-benzoic acid 


1. BENZYL-BENZENE GROUP 
(a) Hydrocarbons (Diphenylmethanes) 

Methods of preparation: — 1, From benzyl chloride, benzene, and 
zinc dust (Zincke, Ann, 159, 374) or aluminium chloride {Friedel and 
Crafts). 2. From formaldehyde or methylene diacetate by the 
action of benzene and sulphuric acid {Baeyer, Ber. 6,963), 3. From 
benzyl benzene-sulphonate by boiling with benzene {Foldi, Ber. 61, 
1609). The above reactions are capable of extensive generalisation; 
thus, by the second method, numerous hydrocarbons have been 
obtained by using other aldehydes in place of formaldehyde, such 
hydrocarbons containing two benzene nuclei attached to the same 
carbon atom (see o^-diphenyl-ethane, p. 652). Benzyl alcohol will 
also condense with benzene under the action of concentrated sulphuric 
acid, giving diphenylmethane (Baeyer, Ber. 6, 963). In the case of 
the third reaction mentioned above, the benzene can be replaced by 
certain derivatives or homologues. By reduction of ketones into 
which the benzyl-benzenes are converted by oxidation. 

Diphenylmethane derivatives are obtained as by-products; S. by the action 
of sodium on mixtures of bromobenzenes and alkylbenzenes (see p. 494 and 
Weiier^ Ber. 33, 334); d. by the oxidation of alkyl-benzenes with manganese 
dioxide and sulphuric acid, Tolylphenyl-methane is formed from toluene 
iWeiler, Ber. 33, 464). 

Diphenylmethane, benzyl-benzene, CH 2 (C 6 H 6 ) 2 , m.p. 26®, b.p. 
261®, is formed: 1. from benzyl chloride and benzene by the action 
of zinc dust or aluminium chloride; 2. from methylene chloride, 
benzene, and aluminium chloride; 3. from methylal, or 4- benzyl 
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alcohol^ benzene, and sulphuric acid; 5. from benzyl benzene- 
sulphonate and benzene; 6. by reduction of benzophenone with 
zinc dust, or zinc and sulphuric acid, or phosphorus and hydriodic 
acid; 7. from diphenylacetic acid (p. 556) by distillation with soda- 
lime (Jena, Ann* ISS, 86). 

Diphenylmethane smells of oranges and geraniums. When passed through a 
red-hot tube it is converted into diphenylene-methane or fliuorene (p. 678). 
Chromic acid oxidises it to benzophenone (p. 515). - With concentrated nitric 
acid it gives p,p'- and o,p'-dinitro- and tetranitro-diphenylmethane (Staedel, 
Ann. 283, 154). 

BENZYL TOLUENES, PHENYL-TOLYL-METHANES, CeHs-CHj CeH^- 
CHa. By the action of zinc dust on a mixture of benzyl chloride and toluene an 
inseparable mixture of o- and p-benzyl-toluene is obtained, together with anthra¬ 
cene (p. 645), Pure p-benzyl-toluene. b.p. 272-274®, is obtained by heating p- 
tolyl-phenyl-ketone with zinc dust or from benzyl-benzene-sulphonate and tolu¬ 
ene ; it also appears to be produced, together with p-ditolyl (p. 494), by the action 
of sodium on p-bromotolucne. In the same way, a pentamethyl-diphenyl- 
mefhane is obtained together with dimesityl from bromomesitylene and sodium 
(see above). 

Benzyl-p-xylene, b.p. 294®. Benzyl-mesitylene, m.p. 36®, b.p. 301®. Ben- 
zyl-durenes, m.p. 60®, b.p. 310®, and m.p. 145®, b.p. 326®, respectively. Ben- 
zyl-pentaethyl-benzene, m.p. 88^. pfp'-Ditolyl-methane, m.p. 22®, b.p. 286®. 
Dimesityl-methane, m.p. 139°. The unsymmetrical hydrocarbons are obtained 
by methods 1 and 5, and the symmetrical ones by method I {Fournier^ Bull. [3], 
7, 653). 

o-Chloro-diphenylmethane, m.p. 13.2®, b.p. 164.5® (9 mm.). p-Chloro- 
diphenylmethane, m.p. 7.5®, b.p. 160® (11 mm.). Both are obtainable from 
their carbinols by reduction with hydriodic acid {Tshitahtbahirif C. 1926,1, 919). 

NITRO-DIPHENYLMETHANES (Staedel, Ann. 283, 157). o-Nitrobenzyl- 
benzene, a liquid, is obtained from o-nitrobenzyl chloride, benzene, and alumin¬ 
ium chloride {GeAgy, Ber. 18, 2402; Gabriel, Ber. 29, 1303). rn-Nitrobenzyl- 
benzene, a liquid, and p-nitrobenzyl-benzene, m.p. 31®, are obtained from the 
corresponding nitrobenzyl alcohols, benzene and sulphuric acid {Easier, Ber. 16, 
2716). 

o^o'-Dinitro-diphenylmethane, m.p. 159°, is obtained from p,p'-diamino-o.o'- 
dimtrodiphenylmethane by removal of the amino-groups {Bertram, J. pr. (2), 
65, 327). 

ra,m'-Dinitro-diphenylmethane, m.p. 174°, is obtained from nitrobenzyl alco¬ 
hol and nitrobenzene, or from formaldehyde by the action of nitrobenzene and 
cone, sulphuric acid {Gettermanri, Ber. 27,2293; Schopff, Ber. 27,2321). m,p'^ 
Dinitro-diphenylmethane, p-nitrobenzyl-m-nitrobenzene, m.p. 103®. p,p'- 

Dinitro-diphenylmethane, m.p. 183°, is obtained from diphenylmethane together 
with o,p'-dinitro-phenylmethane, m.p. 118° {Slacdel, Ber. 27, 2110; Ann. 194, 
363). Tetranitro-diphenylmethane, m.p. 172°, gives dark blue salts with alkalis 
{Richter, Ber. 21, 2476). 

AMINO-DIPHENYLMETHANES. o-Amino-diphenylmethane is a liquid 
which is converted into acridine on passing its vapour over red-hot lead oxide, 
and into fluorene (p. 678) on treatment with nitrous acid {Fischer, Ber. 27, 2786). 
m- and p-axnino-diphenylmethane, m.p. 46® and 34®, respectively {Easier, Ber. 
16,2718). 

o, o'-Diamino-diphenylmethane, m.p. 160°, see Bertram J. pr. [2], 65, 331. 

o^o'-Dichloro-o,o'-diainino-diphenylmethane, m.p. 110^, is produced by the 

action of formaldehyde on o-chloroaniline, and subsequent treatment of the base 
formed with hydrogen chloride {Mayer, Ber. 47, 1161). 

p, p'-Diammo-diphenylmethanes. These are produced from methylene-diani- 
lines (p. 83) by heating with aniline salts; in this reaction aminobenzyl-aniline 
must be formed as an intermediate product (p. 262), and is then transformed into 
diamino-diphenylmethanc: 

CeHsNH-CHj-NHCeHs -► • CH 8 C.H 4 NH 2 -► 

NH*CeH4CH2C«H4NHf. 
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This mechanism for the reaction is confirmed by the ready formation of diamino- 
diphenylmethanes from amino-benzyl-anilines by heating with aniline salts (Ger. 
Fat. 107,718; cf, Meyer, Ber. 33, 250). 

p,p'-Diamhio-diphenylmethane, m.p. 85®, is converted on heating with ani¬ 
line or p-toluidine with addition of an oxidising agent, into pararosaniline or 
rosaniline (Gram, Ber. 25, 303). 

N,N^-Tetramethyl-j 7 ,p'-diamino-dlphenylmethane, m.p. 91®, is produced by 
heating dimethylanihne with methylene iodide, chloroform, or carbon tetra¬ 
chloride, and also by the action of formaldehyde and hydrochloric acid (Mohlau, 
Ber. 35, 369), methylal, or carbon disulphide and zinc on dimethylaniline. The 
hydrogen of the CH 2 group attached to the basic radical is readily replaced by 
sulphur; see p,p'-tetramethyl-diamino-thiobenzophenone (p. 519). Isomeric 
diamino-diphenylmethanes, see SUiedel, Ann., 2W, 149. p,p'-Diamino-o,o'- 
dinitrodiphenylmethane, and its reduction products, see Duval, Bull. [4], 7, 527. 
p,p'-Dihydrazino-diphenylmethane, CH 2 {C 8 H 4 *NHNH 2 ) 2 , m.p. 140®, see 
Finger, J. pr. [2] 74, 155. 

HYDROXY-DIPH^NYLMETHANES. o-Benzyl-phenol, b.p. 303-307®, is 
produced by acting on benzyl benzone-vsulphonate with phenol {Fdldi, Ber. 61, 
1609). p-Benzyl-phenol is formed by the same reaction; m.p. 84®, b.p. 325® (in 
a current of carbon dioxide). This is formed, like the o-compound, by the follow¬ 
ing reactions: 1, From benzyl chloride, phenol, and zinc (Bakunin, Gazz. 33, II. 
454). From benzyl alcohol, by the action of phenol, and cone, sulphuric acia 
or zinc chloride. S, From p-aminodiphenylmethane. The bromination prod¬ 
ucts of these phenols are in part readify converted into methylene-quinones, 
e.g,, C«H6CH:C«H2Bri:0 + H 2 O, in a similar way to the brommated phenolic 
alcohol bromides. The methylene-quinone is a yellow precipitate, which is 
readily converted into dibromo-hydroxy-benzhydrol (Zincke, Ann. 334, 367). 

AMmO-BENZYLPHENOLS are readily ootained by the condensation of 
amino-benzyl-alcohols with phenols (Friedldnder, Mo. 23, 973). p-Dialkyl- 
amino-benzylphenols, e.g,, C«H20HBr2-0112-06114[4]N(CHa) 2 , is obtained by 
the action of o- and p-pseudophenol bromides (p. 339) on tertiary anilines. 

o,o'-Dihydrozy-diphenylmethane is known only in the form of its anhydride, 
xanthene. p,p'-Dihydroiy-diphenylmethane, m.p. 158®, is obtained by fusing 
diphenylmethane disulphonic acid with caustic potash. Its dimethyl ether, m.p. 
52®, is obtained by the action of concentrated sulphuric acid on a solution of 
anisole and methylal in glacial acetic acid. By exhaustive bromination it is con¬ 
verted into a heptabromide, which easily loses HBr giving a methylene quinone, 
0:C6BrjH:CHC6BrH3(0H), red needles, m.p. 245® (Hindushka, J. pr. [2], 58, 
441; Zincke, Ann. 330,61). Substituted p,p'-dihydroxy-diphenylmcthanes have 
been obtained by various methods from p-hydroxybenzyl alcohols and the 
pseudophenol halides derived from them (Auwers, Ann. 356, 124). 

o,p-Dihydro]^-diphenylmethane, m.p. 76-77®, is produced from benzyl chlo¬ 
ride and resorcinol in nitrobenzene and aluminium chloride, or by the reduction 
of o,p-dihydroxy-benzophenone (Klarniann, Am. 48, 791). 

Polyhydric phenols very readily condense with formaldehyde to give poly- 
hydroxy-diphenylmethanes: Methylene-dicatechol, m.p. 220° (decomp.) 

(Caro, Ber. 26, 254). Methylene-diresorcinol, methylene-diorcinol, methylene- 
diphloroglucinol, see Borhm, Ann. 329, 269; see also pp. 225, 230. 

When treated with acetone, cresols are convertea into derivatives of j8,/3- 
dicresyl-propane, HO((3 Hi) -CnHj—C(CH8)*—C6Ha(CHi)OH (Zincke, Ann. 400, 
33). 

(b) Alcohols (Benzhydrols) 

Diphenylcarbinol, benzhydrol, HO*CH(C6H6)*, m.p. 68®, b.p. 298® (decomp, 
into water and benzhydrol-ether, 0[CH(C6H6)2l2, m.p. 109®) (Kostanecki, Ber. 
34, 1695). Diphenylcarbinol is produced from diphenyl-bromomethane by 
heating with water to 150®, but more easily from benzophenone by the action of 
sodium amalgam, or by catalytic reduction with a nickel catalyst (Adkins, Am. 
52, 4349), or, together with benzpinacone by heating with alcoholic potash and 
zinc dust (Zagoumenny, Ann. 184,174). It is synthesised from ethyl formate and 
phenyl magnesium bromide (Massrm, C.r. 135, 533). It is also obtained from 
benzaldehyde and phenyl magnesium iodide, which can be prepared in benzene 
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solution from iodobenzene and magnesium in the presence of some dimethyl- 
aniline ( Tschelintzejf^ Ber. 37,4539). It is also produced in the electrolytic reduc¬ 
tion of benzophenone in alcoholic sodium acetate solution (Elbs, 7 j, clektrochem. 

644; 8, 784). For the yield obtained by reduction of benzophenone under 
different conditions, see Bdeseken, Akad. Wetens. Amsterdam, 16, 91. On oxida¬ 
tion it is converted into benzophenone, and also on heating in the presence of 
palladium black (Knoeyenagel, Ber. 36, 2816). Diphenylcarbinol condenses with 
quinones and quinonoid substanccjs, one or two CH(C«H 6)2 groups entering the 
quinoid nucleus {Mdhlau^ Ber. 32, 2146; 33, 799). By hydrogenation with 
H 2 /Pt in acetic acid under pressure, dicyclohexylmethanc is produced (Levene, 
J. Biol. Chem. 89, 471). Phenyl-p-tolyl-carbinol, m.p. 52® {Fischer^ Ann. 194, 
265); for further methylated and halogenated diphenylcarbinols, see Cohen, Rec. 
38, 113 and Montagne, Rec. 41, 703. 

Diphenylcarbinol chloride, diphenyl-chloromethane, m.p. 14®. is obtained 
from diphenylcarbinol and hydrochloric acid, or from diphenylmethane by heat¬ 
ing with phosphorus pentachloride. It decomposes on heating into hydrogen 
chloride and tetraphenyl-ethylene (p. 574) {Engler, Ber. 7, 1128). Diphenyl- 
bromomethane, m.p. 45®, obtained from diphenylmethane and bromine gives 
benzhydrol-ether when treated with zinc oxide (Atiger. Bull. [3], 23, 336). 

Benzhydrylamine, NH 2 *CH(C 6 H 6 ) 2 , b.p. 288®, is obtained from diphenyl- 
bromomethane and from benzophenone oxime {Goldschmidt, Ber. 19, 3233; 
Tafel, Ber. 35, 1515; Konovalov, C. 1901, I, 1002). Homologous alkyl-benz- 
hydrylamines are prepared bv the latter method {Goldschmidt, Ber. 24, 2797). 
Formyl derivative, m.p. 132®, is obtained from benzophenone and ammonium 
formate at 200-250® {Lenckart, Ber. 19, 2129). Formamidine-benzhydryl, 
CH(NH)NHCH(CeH 6 ) 2 , is formed from hydrocyanic acid, hydrochloric acid, 
benzene and aluminium chloride (see p. 343) {Gattermann, Ber. 31, 1771). 
Dibenzhydrylamine, m.p. 136®. Phenylbenzhydrylamine, C^HsNH • CH- 

(C 6 H 6 ) 2 , b.p, 233® (20 mm.), is obtained by the addition of phenyl magnesium 
bromide to benzylidene aniline, and decomposing the product with acids {Busch, 
Ber. 38, 1767). 

^-Benzhydrylhydroxylamine, HO-NH»CH(CeH 6 ) 2 , m.i>. 78®, is obtained by 
boiling a solution of diphenyl-bromomethane and acetoxime with glacial acetic 
acid and water (Behreur, Ann. 278, 364), 

Benzhydrylhydrazine, (CeH 6 ) 2 CH*NHNHj, m.p. 59®, b.p. 188® (12 mm.), 
and si/m-feis-benzhydrylhydrazine, (C 6 H 4 ) 2 CH*NHNH •UH(CeHft) 2 , m.p. 133®, 
are obtained from benzophenone hydrazone and 5is-benzophenone hydrazone 
(p. 517) by reduction with sodium amalgam and alcohol. Henzhydrylhydrazine 
decomposes on boiling with hydrochloric acid into diphenyl-chloromethane and 
hydrazine {Darepsky, J. pr. [2], 67, 112). 

< CH(OH)CeH5 

, m.p, 120®, is prepared by reduction 

NH2 

of o-aminobenzophenone. It is capable of forming heterocyclic compounds in a 
similar way to o-aminobenzyl alcohol (p. 262) {Gabreil Ber. 29, 1304). The iso- 

< CH (NH 2 ) CjHj 

, m.p. 103®, is obtained 
OH 

by the reduction of phenylindozazene {Cohen, Osterr. Chem.-Ztg. 1, 137). 

p-Hydroj^benzhydrol, HO[41CeH4CH(OH)C6H6, m.p. 161®, is obtained by the 
reduction of »-benzoyl-phenol {Doebnst. Ann. 210, 253). o,p-DUiydroxybenz- 
hydrol is obtained by the condensation 01 benzaldehyde with resorcinol and alkali 
{Pope, J. 97, 98). 0 , 0 'p,p'-Tetrametho3grbenzhydrol, m.p. 179®, is obtained 
from vic-iodoresorcinol dimethyl ether, magnesium, and ethyl formate {Baeyer, 
Ann. 372, 128). 

By the aldol condensation of benzaldehyde, or p-nitrqbenzaldehyde and ani¬ 
lines, especially dimethylaniline, with a little hydrochloric acid (if zinc chloride 
or oxalic acid is used triphenylmethane derivatives result) the following com¬ 
pounds are produced: p-nitro-p'-amino benzhydrol, NO,C8H4CH(OH)Cja[4. 
NH* (Ger. Pat. 119,461), p-dimethylaminobenzhydrol, CeHs-CHfOH) •C«H 4 N- 
(CHa)*, m.p. 69®, and p-dimcthylamino-p'-nitrobcnzhydrol, m.p. 96® {Albrecht, 
Ber. 21, 3293). This compound gives p-dimethyfaxnino-p-amino-diphenyl- 
methane, m.p. 165®, on reduction. 
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p^p'-Tetramethyldiamino-benzhydrol, m.p. 96^, is obtained by the reduction 
of p,p^-tetramethyldiamino-benzophenone, and by the oxidation of tetramethyl- 
diamino-diphenylmethane with lead dioxide (Mdhlau, Ber. 35, 359). On heat¬ 
ing with dilute acids it is decomposed to dimethylaniline and dimethylamino- 
benzaldehyde (Weil^ Ber. 27, 3316). In the solid state p,p'-tetramethyldi- 
amino-benzhydrol is white, but in solution it is blue (V. Meyer^ Ber. 20, 1733, 
note). In acid solution the substance has a quinoid structure, possibly similar 
to that of auramine (p. 519) (Himherg^ Ber. 30, 2803; Hantzsch, Ber. 33, 283). 
It is a very reactive substance. On standing or boiling with alcohol, ethers are 
produced; the methyl ether. CHjOCH[C 6 H 4 N(CHj) 2 l 2 , has m.p. 72® {Fischer, 
C. 1902, I, 471). With hydrogen sulphide in alcoholic solution it gives tetra- 
methyldiamino-benzthiohydrol, HS-CH[C 6 H 4 N(CH 3 ) 2 ] 2 , m.p. 82®. With aro¬ 
matic amines it reacts spontaneously giving tetramethyldiamino-benzhydiylaryl- 
amines, ArNHCH[C«H4N(CHj)i]2, or aryl-leucauramines. The simplest 
leucauramine, NH 2 CH[C«H 4 N(CHj) 2 l 2 , m.p. 135®, is obtained from auramine 
(p. 519) by reduction with sodium amalgam and alcohol; on oxidation, auramine 
is regenerated. With ammonium sulphide, the Icucauramines give tetramethyl- 
diandno-benzhydryl-stdphide, S[CHlCeH4N(CH8)2l2l2, m.p. 172® {Mdhlau, Ber. 
35, 375; Gnehm, Ber. 35, 913). With compounds which contain a reactive CH 2 
group, such as malonic ester, acetoacetic ester, etc,, the hydrol combines readily 
with elimination of water {Fosse, Ann. chim. phys. [8], 18, 400). With quinones 
and quinoid substances it condenses in a similar manner to benzhydrol (p. 513; 
Mdhlau, Ber. 34, 881, etc,). 

(c) Ketones (Benzophenones) 

The ketones of the diphenylmethane group bear the same relation¬ 
ship to benzoic acid as the acetones do to the fatty acids: 


CH 3 COOH 

Acetic acid 


/CH, 

CO< 

^CH, 

Acetone 


Calls-CO-OH 

Benzoic acid 


C,H, 
CJI, 

Benzopbenone 



This relationship is made evident in various ways in the methods of 
preparation of these compounds. 

Methods of formation. — 1. By oxidation (a) of diphenylmethanes, 
and (6) the diphenylcarbinols by chromic acid: 



CJI. 

Crfis 


20 


yCtfh 

K 


o 

<- 


HOCH<^ 


C.H. 

C,H. 


If the CH 2 group contains alkyls or carboxyl, these groups are eliminated in the 
oxidation giving rise to the ketone; if the benzene raoicals contain alkyl groups 
these are oxidised to carboxyl. 

From the ketone-clilorides (see diphenyl-dichloromethane, p. 
516), by hydrolysis with hot water. 

Nuclear syntheses. — 3. By distillation of the calcium salts of 
mononuclear aromatic monocarboxylic acids, in which the carboxyl 
groups are directly attached to the nucleus; 

(CJl 5 *COO) 2 Ca-^ (C 2 H 6 ) 2 C 0 + CaCO*. 

4 . By the condensation of benzoic acid, or benzoic anhydride 
with benzene by heating with phosphorus pentoxide. 

B. By the action of benzoyl chloride, or phosgene on benzene in 
the presence of aluminium chloride. In the second case acid chlorides 
are produced first, and are then converted into ketones {Friedel, Ber. 
10, 1854): 
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CJH, + COCl, -- - > CJI5 COC1 + C»H, ——♦ CJl. -COC.fi.. 

(AlCu) (AlCli) 

6. By the action of carbon tetrachloride on aromatic hydrocarbons and their 
halogen substitution products, in the presence of aluminium chloride, benzophe- 
none chlorides are produced, which, on heating with water, are converted into the 
ketones orris^ Am. Ch. J. 30, 392; Bdeseken, Ilec. 24, 1). 

7. By the action of mercury diphenyl on acid chlorides, such as benzoyl 
chloride. 

Properties, — 1. On heating with zinc dust or hydriodic acid and 
red phosphorus, the ketones are reconverted into the hydrocarbons. 
Thus, diphenylmethane is produced from benzophenone. 2. By the 
action of sodium amalgam, the ketones are converted into secondary 
alcohols (benzhydrols) and pinacones. 3, With the alkali metals 
they form the metallic ketyls (see Vol. IV). 

4 . Alkylated benzophenones are broken down by heating with phosphoric acid, 
hydrochloric or hydriodic acids into hydrocarbons and carboxylic acids (see 
Klages, Ber. 32, 1565; Weilerj Ber. 32, 1908). 

Benzophenone, diphenyl-ketone, CO(C 6 H 5 ) 2 , b.p. 307® (b.p. 
162® (12 mm.)), is known in two modifications. The labile form, 
m.p. 26®, is produced by boiling, or by the action of air on solutions of 
the stable modification, m.p. 46®, into which the labile form usually 
passes spontaneously with a marked evolution of heat in the presence 
of a trace of the stable form (Tanatar^ Ber. 26, R 380; Schaum, Z. 
physikal. Chem. 25, 722). It is produced by the general methods of 
preparation: 1, from diphenylmethane, as-diphenylethane (p. 
552), benzhydrol, diphenylacetic acid (p. 555), etc,^ by oxidation; 2, 
from diphenyl-dichloromethane; 3. by distillation of calcium ben¬ 
zoate {Peligot, Ann. 12, 41); 4- from benzoic acid and benzene by 
the action of phospliorus pentoxide; o, from phosgene, or benzoyl 
chloride, benzene, and aluminium chloride; 6. from benzoyl chloride 
and mercury diphenyl, and together with benzoic acid and triphenyl- 
carbinol; 7. by the action of carbon dioxide on phenyl magnesium 
bromide {Schroeterj Ber. 36, 3005); 8. by removal of the COOH 
group from o-benzoyl-benzoic acid {Doughertyy Ann. SO, 571); on 
fusion with alkali it decomposes to benzoic acid and benzene, and on 
heating with sodamide in benzene solution it gives benzamide and 
benzene {Hallery C.r. 147, 824); 9. from chlorobenzene, benzo- 
nitrile and sqdium {Mortoriy Am. 53, 2769); 10, from benzonitrile 
and phenyl magnesium bromide {MevrodiUy C.r. 191, 1064); 11. by 
the oxidation of diphenylmethane (Ger. Pat. 539,476). 

On reduction, benzophenone gives diphenylmethane, diphenyl- 
carbinol, and benzpinacol (p. 574). The reduction to diphenyl- 
carbinol is effected by alcoholic potash; on the effect of substituents 
on the course of this reaction, see Montagne, Ber. 49, 2243. Hexa- 
hydrobenzophenone, m.p. 54®, is obtained from hexahydrobenzoyl 
chloride, benzene, and aluminium chloride {Meyer, Ber. 30, 1940). 

HOMOLOGOUS BENZOPHENONES. c-Tolyl-phenyl-ketone, b.p. 315° 
when passed over hot lead oxide is converted into anthraquinone (p. 657), ana 
when heated with zinc dust it gives anthracene (p. 645) [Behr, Ber. 6, 754). w- 
Tolyl-phenyl-ketone, b.p. 314°. p-Tolyl-phenyi-ketone is known in two modifi- 
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cations; labile fonn, m.p. 55°, hexagonal; stable form, in.p. 59°, monoclinic 
(TMmer, Ann. 189, 84; Ador, Ber. 12, 2^9). p-Ditolyl-ketone, m.p. 92°, b.p. 
333°. Benzoyl>xylene, m.p. 36°, b.p. 317° (Elbs, Ber. 17, 2847). Benzoyl- 
mesitylenejjn.p. 36°, b.p. 317°, mesitoyl-mesitylene, m.p. 85° iElha, J. pr. [2], 
35, 486; Weiler, Ber. 32, 1910). See also Cohen, Rec. 38, 113; Morgan. J. 
1929, 2203, 2551. These compounds are most conveniently prepared by method 
5 . 

l,o,5-Tribenzoyl*benzene, l,3,5-(CJl6*CO)jC6H8, m.p. 118-119°, is obtained 
from hydroxymethylene-acetophenone by boiling with glacial acetic acid (p. 26) 
{Claisen, Ber. 26, 729). 

DERIVATIVE^ OF BENZOPHENONE IN WHICH OXYGEN IS RE¬ 
PLACED: BENZOPHENONE CHLORIDE. DIPHENYL-DICHLOROMETH- 
ANE, CChCCeHs)!, b.p. 193° (30 nun.), is obtained from benzophenone by the 
action of phosphorus pentachloride, and by the action of benzene on carbon tetra¬ 
chloride in the presence of aluminium chloride (Boeseken, Rec. 24, 1). On heat¬ 
ing with water it is converted into benzophenone, and with silver or zinc dust it 
gives tetraphenyl-ethylene (p. 574), a- and /3-benzpinacoline (Lohse, Ber. 29, 
1790). By the action of 2 mols. of sodamidc it gives N, a-diphenyl-tetrazole, 
/N(CeH0-N 

C*HiC<^ II, nitrogen being eliminated (Schroeler, Ber. 42, 3359). 

Benzophenone bromide is obtained by adding bromine drop by drop to diphenyl- 
methane at 150°. 


Acetals of benzophenone have been obtained from benzophenone chloride by 
the action of sodium alcoholates, and from benzophenone and orthoformic esters 
(p. 283): benzophenone-dimethyl- and -diethyl-acetal, m.p. 107° and 52°, re¬ 
spectively, b.p. 289° and 295°, respectively (Claisen, Ber. 29, 2932; Mackenzie, 
J. 69. 985). 

Thiobenzophenone, CS(C«H 4 ) 2 , m.p. 51-52°, b.p. 165-169°, is obtained by the 
action of thiophosgene, CSCh, on benzene in the presence of aluminium chloride. 
The corresponding phenolic ether reacts more readily than the hydrocarbon in this 
reaction (Gaitermann, Ber. 28, 2869). Thiobenzophenone is also produced by 
the action of pho.sphoms sulphide, or hydrogen sulphide and hydrochloric acid 
(Stavdinger, Ber. 61, 1576) on benzophenone, or by the action of al(5t)holic potas¬ 
sium sulphide solution or thioacetic acid on benzophenone chloride {Schonberg, 
Ber. 61, 1375). It is a blue oil which crystallises at low temperatures to blue 
needles. It can be separated from benzophenone by its addition compound with 
diphenyl-ketene. Thiobenzophenone is capable of autoxidation. On heating to 
160-170°, it breaks down into tetraphenvl-ethylene and sulphur (Staudinger, Ber. 
61,1576). 

Benzophenone-diethyl- and -dibenzyl-mercaptol, (C®H 6 ) 2 C(SCH 2 C 6 ll 6 ) 2 , m.p. 
144°, give the corresponding sulphonals on careful oxidation, m.p. 137° and 208°, 
respectively {Posner, Ber. 35, 2343). 

Diphenyl-dinitr<Hnethane, (C6H6)2C(N02)2, m.p. 78°, is obtained by acting on 
a solution of benzophenone oxime in ether with nitrogen tetroxide. It is recon¬ 
verted into benzophenone oxime by reduction with zinc dust and acetic acid, 
benzhydrylamine being also formed (Scholl, Ber. 23, 3490). 

Lninobenzophenone, (C 6 H 6 ) 2 C=NH, is a colourless oil obtained by the action 
of ammonia on an alcoholic solution ol benzophenone {Thortuis, Ar. Pharm, 243, 
395), or from benzophenone oxime by heating in a current of an indifferent gas. 
Its hydrochloride is produced by heating benzophenone chloride with urethane to 
130°. It rapidly sublines at 250° and is readily decomposed by cold water into 
benzophenone and ammonium chloride. Phenyl-benzal-siiltim, 

/C(aH,)v 

CeH 4 <^ ^ N, m.p. 164°, is to be regarded as a derivative of iminobenzo- 


phenone. It is produced by the condensation of pseudo-saccharin chloride (p. 
334) with benzene in the presence of aluminium chloride {Fritsch, Ber. 29, 2296). 

Flienyl-iminobenzophenone, benzophenone-anil, (CeHj) 2 C=N‘C 6 H 5 , m.p. 
116°, is prepared from benzophenone chloride and aniline {Panli, Ann. 187,199\ 
or from benzophenone and aniline at 240-250°, and by the action of phenyl mag¬ 
nesium bromide on phenyl-iminobenzoic ester, CeHsCCOCH*) iNCJEi* {Marquis, 
C.r, 142, 711). It forms unstable salts with acids, and an addition product with 
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methyl iodide, m .p . 202® (Graebe, Ber. 35,2615). A series of o-substituted benzo- 
phenone anils, which are all more or less strongly coloured yellow (c/. auramine, 
p. 519) can be obtained from the ketones concerned by wanning with aniline in 
the presence of sulphuric acid (Graebe Ber, 32, 1683). 

Benzophenone oxime, (C 6 H 6 ) 2 C:NOH. m.p. 144®, isomerises on heating with 
sulphuric acid at 100®, hydrochloric acid, acetic acid, etc,, into benzanilide (p. 
300). The salts and not the free oximes are cjipable of this Beckmann transforma¬ 
tion (Lachmann^ Ann. 46, 1477). If phosphonis pentachloride acts on the free 
oxirne, instead of obtaining the expected chloride, (C 6 H 6 ) 2 C:NC 1 , the isomeric 
benzanilide-iminochloride (p. 307) is obtained instead (Beckmann, Ann. 252, 1). 

Benzophenone oxime, as would be expected, occurs in only one form (c/. 
Holleman, Rec. 13, 429), while the asymmetrical benzophenones, suchasbromo- 
benzophenone, phenyl-tolyl-ketone, etc., give two isomeric oximes. These are 
called cis-trans isomerides, differing in the arrangement of the groups about the 
doubly-linked nitrogen (Hantzsch, Ber. 23, 2776). Hexahydro-benzophenone 
(p. 515) aim forms two oximes, the a-form melting at 158®, and the ^-form at 
111®. Of these, the first gives benzoylamino-cyclobexane (Vol. II, p. 106) and 
the second, hexahydro-benzanilide (Vol. II, p. 130) on undergoing the Beckmann 
transformation (Scharvin, Ber. 30, 2862). 

Benzophenone hydrazone, (C*Fi 6 ) 2 C:NNH 2 , mj>. 98°, and &i8-benzophenone 
hydrazone, diphenylketazine, (CeH&) 2 C:N-N:C(C;«H 6 ) 2 , m.p. 162° (Curtins, J. 
pr. 44, 194). Benzophenone semicarbazone, m.p. 165°. Benzophenone- 
phenylhydrazone, (C 8 H 6 ) 2 C:N NHCtHB, m.p. 137® (Pickel, Ann. 232, 228). 

Halogen substituted benzophenones are usually obtained by method 5 (p. 514): 
o-Bromobenzophenone, m.p. 42°. The mobility of the bromine atom in this 
compound should be noted. If o-bromobenzophenone oxime, m.p. 132®, is 

.11]C(C«Hb)x 

treated with caustic potash, phenylindoxazene, _^N, is formed 

with elimination of hydrogen bromide (Heidenreich, Ber. 27, 1452). This forma¬ 
tion of the indoxazene ring is rendered more easy by further substitution in posi¬ 
tions adjacent to the bromine. Thus, in the case of the corresponding nitro¬ 
compounds, the oxime of the dinitro-compound can only be isolated with diffi¬ 
culty. It is interesting to note that the o-substituted (not the m- or p-) benzo¬ 
phenone oximes exist as a rule in only one form, which, on account of the easy ring- 
closure in the case of the o-brorao-derivative, is the syn-form with respect to the 
substituted ring. In those cases where both the oximes may be expected to exist, 
the syn-form always appears to be the more stable (Meisenheimer, Ann. 446. 205: 
see also J. pr. (2], 119, 315). m- and p-Bromobenzophenone, m.p. 125*^ and 
83° (Meyer, Ber. 25, 3293; ScMfer, Ann. 264, 152; Kottenhahn, Ann. 264, 171). 

«3y7n-3,3'- and 4,4'-dibromobenzophenone, (BrC 6 H 4 ) 2 CO, m.p. 142° and 171°, 
respectively (Hoffmann, Ann. 264, 160: Gomherg, Am. 51,2229). 2,4'-Di- 
bromobenzophenone, m.p. 52°, gives an oxime, m.p. 141°, which is easily 
converted into p-bromo-pheriyl-indoxazene (Heidenreich, Ber. 27, 1453). o- 
Chlorobenzophenone oxime shows phenyl-indoxazene formation rather less easily, 
and o-iodobenzophenone oxime rather mor(‘ easily than o-bromobenzophenone 
oxime (Meyer, Ber. 26, 1250). 

Benzophenone hexachloride, CeHbCOCeHsCU, m.p. 215°, obtained by the 
action of chlorine on benzophenone in chloroform, gives trichlorobenzophenone, 
CeH 6 COC 6 H 2 Cl», m.p. 131®, on heating (Matthetes, Proc. Roy. Soc. 1897/98, No. 
13, 97). For further poly-halogen substituted benzophenones, see Coh^n, Rec. 
38. 113. 

NITRO-BENZOPHENONES. o-, m-, and p-Nitrobenzophenone, m.p. 195°, 
94°, and 138°, respectively (Easier. Ber. 16, 2717; Geigy, Ber. 18, 2401; v. 
Tatschaloff, J. pr. [21, 65, 308). It o-nitrobenzophenone oxime is boiled with 
caustic soda, it is converted, like the o-halogenated benzophenone oximes, into 
phenyl-indoxazenes (see above) (Meyer, Ber. 26, 1250). On heating under ordi¬ 
nary pressure, it givas acridone, apparently with intermediate formation of 
phenyi-anthranil (Kliegl, Ber. 42 , 591). In contrast to p-nitrobenzophenone, 
4-nitro-2,5-dimethoxy-benzophenone has a strong yellow colour (Kauffmann. 
Ber. 45, 776). 2,23,3-and 4,4'-Dinitrobenzophenone, m.p. 188°, 165°, and 
189®, respectively. 2,3'-, 2,4'-, and 3,4'-Diiiitrobenzophenone, (NOiCiflOj- 
CO, m.p. 126°, 196° and 172°, respectively. When benzophenone is nitrated 
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2 ,2'- and 2,3'-dinitrobenzophenone are formed (Staedel. Ann. 283,164; Ber. 27, 
2111). 2,2',4,4'-Tetranitrobenzophenone, m.p. 225® (Schopff, Ber. 27, 2318). 
Further substituted benzophenones are described in Limprichty Ann. 286, 306, 
and Consonnoy Gazz. 34,1, 374. 

/C(C6H6)v 

o-Phenyl-anthranil, CcH 4 ^ 1 faint yellow crystals, m.p. 53®, may 

be regarded as an inner anhydride of o-hydroxylamino-benzophenone. It is pro¬ 
duced in a similar way to anthranil (p. 278) and C-methyl-anthranil, by the reduc¬ 
tion of o-nitrobenzophenone with tin and acetic acid, or by the oxidation of o- 
aminobenzophenone with permonosulphuric acid {Bamberger^ Ber. 42, 1723) as 
well as in smaller quantities by the condensation of o-nitrobenzaldehyde with 
cone, sulphuric acid {Kliegly Ber. 41, 1845). When heated under ordinary pres¬ 
sure it isomerises to aeridone (Kliegly Ber. 42, 592). The same transformation 
also occurs when the substance is acted upon simultaneously by concentrated 
sulphuric and nitrous acids, apparently with intermediate formation of nitroso-o- 
hydroxylamino-benzophenone {Bamberger, Ber. 42, 1716); cf. the analogous fis¬ 
sion of anthranil (p. 278) and the transformation of C-methyl anthranil into 
indoxyl (p. 286). A series of compounds obtained by condensation of o-nitro- 
benzaldehyde and tertiary amines and phenols with concentrated hydrochloric 
acid are to be regarded as derivatives of phenyl-anthranil {Bamberger, Ber. 42, 
1714). 

AMINO-BENZOPHENONES are formed from the nitrobenzophenones, from 
benzoic acid by the action of dimethylaniline and phosphorus pentoxide, benzoyl 
chloride, phthalanil, and zinc chloride {Doehner, Ber, 14, 1838), etc., o-, m-, and 

NH2[2]C6H4V 

U >CO 
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NH< >CO 
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presence ot aluminium emonae ana hydrolysis of the tolyl-sulphonamino- 
benzophenone thus produced {Ullmann, Ber. 35, 4273 ; 39, 4332), as well as from 
the amide of o-benzoyl-benzoic acid by the action of sodium hypobromite {Graebe, 
Ber. 27, 3483; Ann. 291,^ 8). A mixture of o- and n-amino-benzophenone in the 
form of their benzoyl derivatives, CeHtCONHCeHiCOCeHs, is obtained by intra- 
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molecular migration of atoms from dibenzoyl-aniline, (C*H«CO) 2 NC^*, the 
product first obtained by heating together 2 mols. benzoyl chloride and 1 mol. 
aniline to 220® {Chattaway, Proc, 10, 67; 20, 60). o-Amino-benzophenone 
oxime, m.p. 166®, isomerises under the infiuence of hydrochloric acid at high 
temperatures to o-phenylene-benzamidine (Auwers, Ber. 24, 2386). Acetyl-o- 
amino-benzophenone, m.p. 89®. n-Dimethylamino-benzopnenone. p-benzoyl- 
dimethyl-aniline, m.p. 90®, also ootained by the action of cone, hydrochloric 
acid on malachite green at 180® (Doehner, Ann. 217, 267 ; Albrecht^ Ber. 21,3293; 
lAmpricht^ Ann. 307, 307), and by the action of heat on p-dimethylamino-ben- 
zoylbenzoic acid (p. 623). For further derivatives of p-amino-benzophenone, see 
Dinglinger, Ann. 311, 147. 

For brominated amino-benzophenones, see Montague^ Rec. 42, 499. 

Rina-formation with o-amino-henzophenone, — 1. If o-amino-benzophenone is 
heated with lead oxide it is converted into acridone (Graebe, Ber. 27, 3484). 2. 
If o-aminobenzophenone is treated with nitrous acid, fluorenone or diphenylene 
ketone is formed {Graehe, Ber. 27, 3484). S. o-Amino-benzophenone oxime 
readily gives phenyl-indoxazene with nitrous acid (Zincke^ Ber. 26, 1667). 4. 
N-Acetyl-o-amino-benzophenone condenses on heating with alcoholic ammonia 
to a-phenyl-/3-methyl-quinazoline {Bischler, Ber. 25, 3082). 5. The oxime gives 
with acetic anhydride acetyl-phenyl-isoindazole {.Auwers, Ber. 24,2383; 29,1266). 
6. o-Amino-benzophenone condenses with acetone and caustic soda to a- 
methyl- 7 -phenyl-^uinoline (Geigy^ Ber. 18, 2406). 7. o-Amino-benzophenone 
hydrochloride gives anhydro-Z^s-o-amino-benzophenone on heating (Sond- 
heimer^ Ber. 29, 1272). 

DIAMINO-BENZOPHENONES. 2,2'-, 3,3'-, and 4,4'-diamino-benzophe- 
nones, m.p. 134°, 173®, and 239°, respectively. 2,2'-Diamino-benzophenone 
gives xanthone and o-hydroxy-fluorenone (Staedd, Ber. 28, 111) when treated 
with nitrous acid. 4,4'-Diamino-benzophcnone gives substantive cotton dyes 
(WiekelhauSf Ber. 22, 988). 

NJSr'-Tetramethyl-4,4'-diamino-benzophenone (Michler's ketone), CO- 
[C6H4i4]N(CH8)2l2, m.p. 173°, is foimed by the fission of hexamethyl-pararos- 
aniline (p, 63h) by heating with hydrochloric acid (JMichler^ Ber. 19, 109). It 
is prepared technically by the action of carbonyl chloride on dimethylaniline in 
the presence of aluminium chloride. Nitrous acid converts it into nitroso-tri- 
methyl-diamino-benzophenone {Herzberg^ Ber. 24, 3198). When treated with 
dimethylaniline and phosphorus trichloride it gives methyl violet (p. 537), and 
with phenyl-naphthylamine it gives Victoria blue. Oxime, m.p. 233® {Munch^ 
meyer, Ber. 19, 1862), Phenylhydrazone, m.p. 174° {Mohlau, Ber. 35, 366). 
The ketone combines with two molecules of dimethyl sulphate to give a 6ts- 
quaternary ammonium salt {Zohlen, J. pr. |2], 66, 393). 

Tetramethyl-4 4'-diamino-thiobenzophenone, CS[C6H4[4]N(CH3)2l2, m.p. 
202°, is produced by the action of thiophosgene, CSCh, on carbon disulphide, or 
dimethylaniline in the presence of zinc chloride, and of hydrogen sulphide on an 
alcoholic solution of aiiramine at 00°. It forms ruby r^ leaves with a bluish 
lustre, or a cantharideno green crystalline powder (firaebe, Ber. 20, 3266; V, 
Meyer, Ber. 20, 3290; Weinmann. Bull. ^oc. ind. Mulhouse 1898, 40). When 
heated with alcoholic ammonia under pressure it is converted quantitatively into 
auramine base. 

N,N'-Tetramethyl-4,4'-diamino-benzophenone-imide, or auramine base, 
[(CHi) 2 N(C 8 H 4 )] 2 C:NH, m.p. 136®, combines with dimethyl sulphate to give 
the methyl sulphate of methyl-aurainine (Zohlen, J. pr. [2] 66, 387). The dye, 
auramine, is the hydrochloride of auramine base, of which the constitution may 
be represented by the following formulae: 
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'zinc chloridep and from p-dimetl^l-amino-benzamide by the action of dimethjrl- 
aniline and zinc chloride (Ger. Fat. 77^328). Similar dyes are produced with 
primary amines and diamines (Fehrmann^ Ber. 20, 2844; Ger. Pats. 77,328 and 
108,^6). Auramine forms golden-yellow leaflets, and cotton, mordanted with 
tannin, is dyed a beautiful yellow. With potassium cyanide it gives the nitrile 
or tetramethyl-diamino-diphenyl-glycocoll {Albrecht, Ber. 27, 3294). 

NplT^-Tetramethyl-diammo-di-o-tolyl-ketone, CO[C 6 Hi(CHi)N(CH 3 ) 2 ] 2 , when 
heated with ammonium chloride and zinc chloride gives a homologue of auramine, 
namely the hydrochloride of tetramethyl-diamino-di-o-tolyl-imino-methane: 

.C6H,(CH,)-=N(CH,),C1 ,C,H3(CH3)--N(CH,), 

H 2 N~-C<f or CIH*HN=C< 

\CeH,(CH3)—N(CH,)2 ^CeHaCCHa)—N(CH3)2 

This dye, known as auramine GGG, carbonises at 250® without melting (Rassow, 
J. pr. [21,85,497). 

2,3'-, 2,4'-, 3.4'-Diamino-benzophenones, m.p. 80®, 128®, and 131-132®, re¬ 
spectively (Staeael, Ann. 283, 149; Baeyer, Ann. 354, 179; Staedel, Ber. 28, 111). 

5enzophenone-o-sulphonic acid, C 6 H 6 C 0 CeH 4 [ 2 ]S 03 H, is obtained from o- 
thiobenzoic anhydride by the action of benzene and aluminium chloride (Kran^ 
nich, Ber. 33, 3486). 

Benzophenone-3,3'(?)-disulphonic acid, (S08HCJl4)2C0, chloride, in.p. 138® 
(Lajnvorth, J. 73, 402). 

Hydroxy-benzophenones are formed: 1. From amino-benzophenones, o- 
amino-benzophenone (p. 518) being converted chiefly into fluorenone. Bv 
breaking down xanthones, which can be regarded as cyclic phenyl ethers of o,o'- 
dihvdroxy-benzophenones, by means of caustic alkali. 3, From benzoic; acids or 
hydroxy-benzoic acids and phenols by condensation with zinc chloride or phos¬ 
phorus oxychloride (Nencki, Ber. 26, 11 587), sulphuric acid or stannic; chloride 
(Ger. Pats. 49,149 and 50,450/51; Graehe, Ber. 24, 067). 4- From phenols, by 
the action of oenzoyl chloride, zinc dust, zinc chloride, or aluminium chloride 
(Witt, Ber. 12, 261). 5. Frcjm phenols, or their benzoyl esters by the action of 
benzotrichloride and zinc oxide {Doehner, Ber. 10, 1969). 6, From benzotri- 
chloride and phenols with alkalis {He%ber, Ber. 24, 3677). 7. From the acid 

chlorides of phenol-carboxylic acids and their methyl, acetyl, or carbomethoxy- 
derivatives, by condensation with benzene in the presence of aluminium chloride 
{Anschutz, Ann. 346, 381; Fischer, Ber. 42, 1015). 8. From phenols and nitriles 
(e.g,, benzonitrile) by the action of hydrochloric acid in the presence of zinc 
chloride. The corresponding ketimide-chloride is first formed, and is then con¬ 
verted into the ketone by boiling with water (Hoesch, Ber. 48, 1122; Houben, 
Ber. 59, 2878). 

HYDROXY-BENZOPHENONES WHICH CONTAIN ONLY ONE HY¬ 
DROXYL GROUP IN A BENZENE NUCLEUS. o-Hydroxy-benzophenone, o- 
benzoyl-phenol, m.p. 41®, is produced, together with phenyl benzoate by method 
6. It is also formed by the breakdown of phenyl-indoxazene ( Cohn, Mo. 17, 102); 
it is best prepared, however, from O-methyl salicylyl chloride by the action of 
benzene and aluminium chloride (Ullnmnn, Ber. 35, 2811). o-Methoxy-benzo- 
phenone, m.p. 39®, see Hoermer, Ber. 41 ,332. o-Hydroxy-benzophenone oxime, 
m.p. 133-134® {Cohn, Mo. 17, 109). o-Hydroxy-benzophenone anil, m.p. 138®, 
see p, 516. m-Hydroxy-benzophenone, m.p. 116®, prepared by methods 1, 4, S, 
and 7 {Hartmann, Ber. 25, 3533). p-Hydroxy-benzophenone, m.p. 132-133®. 
prepared by method 8 {Meyer, Ber. 56, 98) or by the transformation of phenyl 
benzoate {Minayeff, C. 1927,1, 84) . Two oximes of p-hydroxy-benzophenonc are 
known, differing as ds-trans isomerides about the C—N— double bond. 

CeH^—C—CeHiCOH) 

p-Hydroxy-benzophenone oxime, || , m.p. 81®, is obtained 

N—OH 

from the anfi-isomeride by heating in alkaline solution for several hours. On 
fusion, or by the action of hvdrochloric acid at ordinary temperature, it is con¬ 
verted into the aa^t-isomeride {Smith, Ber. 24, 4040). An«i-p-hydroxy-benzo- 
CeHs—C—C6H4(0H) 

phenone oxime, |l , m.p. 152®. On boiling with sodium 

HO—In 

hydroxide it is converted into the «pn-isomeride. w- and p-Methoxy-beazophe* 
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none, m.p. 37® and 61®, b.p. 343® and 355®, respectively, are obtained from 
rn,” and p-mcthoxybenzoyl chloride by the action of benzene and aluminium 
chloride {Ullmann, Ber. 35, 2813). 2,2'-, 3,3'-, and 4,4'-Dihydroxy-benzo- 

S henone, m.p. 173®, 170®, 210®, respectively, and 2,3'- and 2,4'-dihydroiy- 
enzophenones, m.p. 126® and 151®, respectively, are produced from the corre¬ 
sponding diamino-benzophenones. 2,2'-I)ihydroxy-benzophenone is also formed 
from its anhydride, xanthone, or diphenylene-ketone oxide, by careful fusion with 
caustic potash {Graebe, Ber. 19,2609). 2^4'-, and 4,4 '-Dihydroxy-benzophenone 
are formed by the condensation of salicylic acid and phenol with stannic chloride 
{Baeyer, Ann. 354, 177). 4,4'-Dihydroxy-benzophenone is produced in the 

decomposition of aurin, benzaurin, phenolphthalein, and rosaniline on heating 
with water or caustic potash {lAeherniann, Ber. 16, 1931). 3,4'-Dihydroxy- 
benzophenone , m.p. 206^, is obtained from the diamino-compound. For methyl- 
substituted hydroxy-benzophenones, see Meiseaheimer, J. pr. [2] 119, 315. 

HYDROXV^-BENZOPHENONES WHICH CONTAIN MORE THAN ONE 
HYDROXYL GROUP IN A BENZENE RING are prepared by method 5, but 
particularly by method 8. The ketones obtained from pyrogaUol, o/ gallic acid 
are important, as, like alizarin, they are mordant dyes (Noelting^ Ber. 30, 2590). 
The dye, alizarin yellow A,(HO)j[2,3,4]CeH2COC6H6, obtained from benzoic 
acid and pyrogaUol, has m.p. 140® (Graebe^ Ann. 269, 275; Ber. 32, 1686). Iso¬ 
meric with the latter is 3,4,5-trihydro3^-benzophenone, m.p. 176®, which Is ob¬ 
tained from tricarbomethoxy-galloyl chloride, (CH»OOCO)» CeH 2 COCl, ben¬ 
zene, and aluminium chloride {Fischer^ Ber. 42, 1015). 

2,5-Dihydroxy-benzophenone, Cell5COCdai[2,5] (OH) 2 , m.p. 125®, is formed 
from benzaldehyde and quinone in sunlight {Klinger^ Ber. 24, 1340: Herzig, Ber. 
41, 143; p. 235). 2,4-l)ihydroxy-benzophenone, m.p. 144®, has been obtained 
by the action of ethyl benzoate on resor<;inol {Sen, J. Indian Chem. Soc. 6, 557). 
2,4^2',4'-Tetrahydroxy-benzophenone, [(OH) 2 C«Hi] 2 CO, is obtained by the 
fusion of fluorescein chloride (p. 548) with caustic sc^a. On heating it is con¬ 
verted into dihydroxy-xanthone {Meyer, Ber. 32, 2103). 2,5,2'^5'-Tetrameth- 
oxy-benzophenone, m.p. 109®, is obtained from iodohydroqumone-dimethyl 
ether, magnesium, and carbon dioxide {Kauffniann, Ber. 41, 4423). Further 
poly hydroxy-benzophenones which have been prepared in large numbers, espe¬ 
cially by method 8, see Stephen, J. 117, 1529; Shocsiniih, J. 125, 113; Atkinson, 
J. 1926, 2688; Bogert, Am. 52, 837. 

A series of hydroxy-benzophenone derivatives have been obtained from coto- 
bark and paracoto-bark, from certain Bolivian trees. These are of medicinal 
value. Cotoin, C*H6 C0-C4H2[2,6)(0H)2[410CHa, m.p. 129®; hydrocotoin, 
CeH 5 CO CJl2[6]OH[2,41(OCH3),, m.p. 97®; methyl-hydrocotoin,CftH»-CO- 
C«H2[2,4,6](0CH8),, m.p. 113® {Ciamician, Ber. 25, 1119; 26, 2340; 27, 419); 
proto-cotoin, (2,4) (ClKOi* 1610H-C«H2COC6H8[3j4]02CH2, m.p. 141®; 
methyl-protocotoin, the methyl ether of protocotoin. Cotogenin, [2,4,6]- 
(0CH8)8-C6H2*C0*C«H8[3,4] (0H)2, m.p. 219-220®, and iso-protocotoin, [2,61- 
(0CH8)2[4]0H C 6 H 2 C0 C0 C«H8[3,4]02CH,, m.p. 165-166®, have also been 
isolated. The synthesis of the.se substances has been carried out, and they are 
prepared artificially usually by method 8 {Spdth, Mo. 42, 267; 49, 229, 429; 
Karrer, Helv. 11. 789; Houben, J. pr. [21, 123, 89). 

Closely related to these substances is maclurin, (OH)2[3,4)C*H8-CO*08112- 
[2,4,6] (0H)8 {Kostanecki, Ber. 39,4014), which is decomposed when heated with 
concentrated potash into protocatechuic acid and phloroglucinol, and has been 
synthesised from protocatechuic nitrile and phloroglucinol yHoesch. Ber. 50, 462), 
and also aromadendrin, which appears to have the constitution (On)[4JC6H4- 
CO*C8H2[2,4,6](OH)8 {Niskikawa, J. 121, 839). 

The pentamethyl ether of maclurin, obtained by methylating the latter with 
dimethyl sulphate, has m.p. 157°, and has been obtained synthetically from vera- 
troyl chlorioe, phloroglucinol trimethyl ether and aluminium chloride (Kosto- 
necki, Ber. 39, 4022). 

(d) Carbo:^lic Acids of the Diphenylmethane Group 

These carboxylic acids faU into three groups: A. Diphenylmethane carboxylic 
acids. B. Diphenyl-carbinol carbozyUc acids. C. Benzophenone carboxylic 
acids. 
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A. IHphmylmeOiane Carboxylic Acids 

m-, and p^Benzyl-benzoic acids, CaH 6 *CH 2 -C«H 4 COOH, m.p. 117®, 107®, 
and 155-166®, respectively. The ortho-acid gives antbranol (p. 651) when 
wanned with sulphuric acid {Zincke, Ber. 9,633; Cassirer, Ber. 25,3022; Fischer, 
Ber. 27, 2789* Ullmann, Ann. 291, 17). o-Cyanodiphenylmethane, m.p. 19®. 
b.p. 313®, is obtained from o-cyanooenzyl chloride by the action of benzene ana 
aluminium chloride. It can also be obtained from o-amino-diphenylmethane. 

Benzyl-iso- and -terephthalic acids, CeHs-CHj *06118(00011)2, see Zincke, 
Ber. 9, 1766. 

Diphenylmethane-2,2'-dicarbozylic acid, 0H2(06H4[2]000H)2, m.p. 254®, is 
obtamed by the reduction of the lactone of diphenyl-carbinol-2,2'-dicarboxylic 
acid, and in small quantities by the reduction of the dilactone of benzophenone- 
2,2'-dicarboxylic acid. It is converted into antbranol-carboxylic acid by cone, 
sulphuric acid (Graehe, Ann. 242, 253). Diphenylmethane-3,3'-dicarboxylic 
acid, m.p. 220-225®. Diphenylmethane-4,4'-dicarboxylic acid, m.p. 334-336® 
(Schdpff, Ber. 27, 2324; Liehermann, Ber. 45, 1186). Diphenylmethane-2,4'- 
dicarboxylic acid, m.p. 220®, gives benzophenone-2,4'-dicarboxylic acid on oxida¬ 
tion witn permanganate. When allowed to stand with cone, sulphuric acid, 
anthranol-(9)-carboxylic acid-(2) is formed {Limprickt, Ann. 309, 115). 

Methylene-digallic acid, CH2[C6H(0H)8C00H]2, see Mohlau (Ber. 31, 259). 

B, DiphenyUcarbinol Carboxylic Acids 

. .[IICHCJKE. 

Diphenyl-carbinol o-carboxylic acid lactone, phenyl-phthalide, C 6 H 4 <C \ , 

^[21COO 

m.p. 115®, is obtained by the reduction of o-benzoylbenzoic acid, and the de¬ 
composition of diphenyl-carbinol- 0 , 0 '-dicarboxylic acid by heating. The acid 
corresponding to the lactone melts at 50®, and is very unstable (Cornillot, Ann. 
chim. [ 10), 8, 120), but its salts and esters are known. The lactone is converted 
into anthraquinone by the action of phosphorus pentachloride (Graebe, Ber. 21, 
1316). o-Cyanobenzhydrol, C6H6CH(0H)C6H4(2]CN, is obtained from o- 
cyanodiphenyl-chloromethane, C 6 H 6 CHCl*CeH 4 CN, the product of interaction 
of chlorine and cyano-diphenylmethane {Gabriel, Ber. 29, 1315). w- and p- 
Benzhydryl-benzoic acid, m.p. 121® and 164®, respectively {oenff, Ann. 220,242). 
p-Tolyl-phthalide, m.p. 129®, and homologues, see Gresly, Ann. 234, 233. Hy- 

/CHC 6 H 4 OH 

droiqr-phenyl-phthalide, C 6 H 4 <f \ , m.p. 180®, is obtained from phthal- 

^COO 

aldehydic acid (p. 379), phenol and sulphuric acid (73%) {Bislrzycki, Ber. 27, 
2362 ; 31, 2790). 

/CH—C 6 H 4 COOH 

Benzhydrol- 0,0 '-dicarboxylic acid lactone, \ , m .p. 202®, 

^COO 

is obtained from the lactone of benzh^drol-tricarboxyiic acid, (HOOC *06114)p 
C(OH)COOH, the product of interaction of alkalis and benzil- 0 , 0 '-dicarboxylic 
acid (p. 570) on warming (Graebe, Ann. 242, 233). 

C. Bemophenone Carboxylic Acids 

These are formed (1) by oxidation of alkyl-diphenylmethanes. alkyl-benzo- 
phenones, diphenylmethane-carboxylic acids, and benzhydrol-carboxylic acids; 
(;^) from benzoyl chloride, benzoic anhydride, and zinc chloride {Doebner, Ber. 14, 
647); (S) from phthalic anhydride, benzene, and aluminium chloride {HaUer, 
Ber. 41, 3627). 

o-Benzoyl-benzoic acid, C6H6*CO*C6H4l2]COOH 4* H 2 O, m.p. 127® (anhy¬ 
drous), is produced by the oxidation of o-tolyl-phenylmethane, o-methyl-benzo- 
phenone, o-benzyl- and o-benzhydryl-benzoic acids. It is prepared by method 
(5) , On heating with phosphorus pentoxide it is converted into anthraquinone, 
and on distillation with zinc dust it gives anthracene. With benzene and alumin¬ 
ium chloride it forms diphenyl-phthalide (p. 544), and with phenol and stannic 
chloride, phenyl-phenol-phthalide (p. 545). 
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o-Benzo^l-benzoic acid, its ester and chloride occur in two structural isomeric 
forms, which are in tautomeric equilibrium. The two forms are the keto- and 
hydroxy-lactone forms: 


C 1 H 4 —C(OH)—CJEI, 

Of!}-i 


CJLCO-Cidl, 

ioOH 


The keto-form is coloured yellow, the hydroxy-lactone is colourless (Hanlzach^ 
Ber. 49, 213). The normal esters, which are derived from the keto-form, are 
prepared by treating the acid with alcohol, or by means of the silver salt. The 
paeudo-eaiers of the formula: 


C6H4—C—CeHs 

are obtained through the pseudo-chloride, prepared by distilling the acid with 
thionyl chloride {Egerer^ Mo. 34, 69). Wnen benzoyl-benzoic acid is warmed 
with acetic anhydride it reacts in the hydroxy-lactone form and gives acetyl- 
benzoyl-benzoic acid: 


C«H4~C(CeH5) 
io-<!)\)C0CH, 

{Pechmann^ Ber. 14, 1865), This compound melts at 117®. The same type of 
tautomerism is also found in the derivatives of o-benzoyl-benzoic acid (Perard, 
Ann. chim. [9]. 7, 370; 8, 22). 

Oxime-anhy^ide. m.p. 162®, obtained from benzoyl-benzoic acid and hy- 
droxylamine hydrocnloride, gives phthalanil on heating to 130® {Thorp, Ber. 26. 
1262,1795). F'or the constitution of the oxime and its behaviour when submittea 
to the Beckmann transformation, see Meiaenheimer, Ber. 57, 289. Phenyl- 
/(1]C(C«H6):N 

lactazam, CeH 4 < I , m.p. 181® {Roser, Ber. 18, 805). 

\2]CO -NCeH* 

A large number of chloro-benzoyl-benzoic acids have been prepared from chlori¬ 
nated phthalic anhydrides by reaction with benzene or its chloro-substitution 
products in the presence of aluminium chloride {Graehe, Ann. 238,338). Homolo¬ 
gous methyl-benzoyl-benzoic acids are prepared from phthalic anhydride and 
toluene, and other methyl-benzenes {Gresly, Ann. 234, 241; lAmpricht, Ann. 311, 
178). Phthalic anhydride and dimethylaniline give dimethylamino-benzoyl- 
benzoic acid, dimethylaniline-phthaloyl acid, C«H 4 (COOH)COC 6 H 4 N(CHj) 2 , 
m.p. 205® (lAmpricht, Ann. 307, 305). For transformation and substitution 
products of this acid see Haller^ Bull. 13], 25,165; C.r. 132, 746. The substi¬ 
tuted bcnzoyl-benzoic acids yield on warming with cone, sulphuric acid, the 
corresponding substituted anthraquinones {Hofmann, Mo, 36, ^5). 

m-Benzoyl-benzoic acid, C«H8«CO*C«H4[3]COOH, m.p. 161°, is obtained from 
isophthalic chloride, benzene, and aluminium chloride {Senff, Ann. 220, 236; 
Aaor, Ber. 13, 320). p-Benzoyl-benzoic acid, m.p. 194°, is prepared by method 
(i) {Meyer, Mo. 28, 1224). 

Benzophenone-2,2'-dicarboxylic acid, CO(C6H4[2]COOH)j, melts in the range 
160®-200®, with transformation into its dilactone, which is actually derived from 
the tautomeric form of benzoyl-benzoic acid (see above). It is produced by the 
oxidation of benzhydrol-2,2'-dicarboxylic acid lactone with permanganate. 

COO OCO 

Benzophenone-dicarboxylic dilactone, I \ / I , m.p. 212°, is ob- 

G6H4—G-C«H 4 

tained by boiling the aqueous solution of the acid and warming the alcoholic solu¬ 
tion with hydrochloric acid {Graehe, Ann. 242, 246). 2,4'- and 4,4'-benzo¬ 
phenone-dicarboxylic acid, m.p. 235®, and over 360°, respective^ {Limprichi, 
Ann. 309, 98 ; 312, 96). PhAaloyl-wdicylic acid, COOH C 4 H 4 *COCfHf(OH)- 
COOH, m.p. 244°, is produced from methyl salicylate, phthaloyl chloride, and 
aluminium chloride {Limprichi, Ann. 303, 280). 



624 


DIBENZYL-BENZENES 


Benzoyl-phthalic acid, CeH6*CO*C«H«[2,3](COOH)t, m.p. 183^, with anhy¬ 
dride formation, is obtained from hemimeUitic anhydride, benzene, and aluminium 
chloride (Graehe, Ann. 290, 217). It gives anthraquinone-carboxylic acid with 
cone, sulphuric acid. l,3,4-Benzoyl<^hthalic acid, m.p. 180°. is obtained by the 
oxidation of o-xyloyl-benzoic acid (Litnprichtf Ann. 312^ 99). Benzophenone- 
2,3 ^,4'-tricarboxylic acid (phthaloyl-phthalic acid) is obtained by oxidation of 4'- 
methyl-diphenylketone-2,3'-dicarboxylic acid; m.p. 199.6° {de LHeshach^ Helv. 
7, 618). Benzophenone-2,4,2',4'-tetracarboaylic acid is obtained by oxidation 
of di-w-xylyl-ketone. On treatment with hydrochloric acid it is converted into 
its dilactone, which has been resolved into its optical antipodes {Mills, J. 119, 
2094). 

Hydroxybenzoyl-benzoic acids are produced from phenols and phthalic 
anhydride in acetylene tetrachloride by the aid of aluminium chloride {ullmann, 
Ber. 52, 2098). With resorcinol this reaction occurs at 126° without a catalyst 
{Omdorff, Am. 46, 2276). For the ester, salts, and substitution products of p- 
hydroxy-benzoyl-o-benzoic acid, see Kelly, Am. 44, 1618. 

BKNZryL-DIPHENYLS, C«H 5 CH, C 6 H 4 C.H6, are produced from diphenyl, 
benzyl chloride, and zinc dust. p-Benzyl-diphenyl, m.p. 85°, b.p. 286° (100 
mm.). Isobenzyl-diphenyl, m.p. 54°, b.p. 283-287° (110 mm.) {Goldschmidt, 
Mo. 2,432). 

p-Phenylbenzyl-o-benzoic acid, C«H6[4]C,H4[llCH,[2']C.H4[r]COOH, m.p. 
184°, and p-phenylbenzyl-«-hydroxy-o-benzoic acid, C«Hfc[4]C*H4[llCH(OH)- 
[ 2 '](JeH 4 [l'JCOOH, m.p. 204°, are obtained by the reduction of p-phenyl- 
benzoyl-o-benzoic acid C6il5[4jC«H4[l)CO[2'] .C.H4[1'JCOOH, m.p. 225°, 
which is itself obtained by the action of aluminium chloride on a solution of di¬ 
phenyl and phthalic anhydride in ligroin {Kaiser, Ann. 257, 96; Elhs, J. pr. [2], 
41, 149). 

DIBENZYL-BENZENES. A second benzyl radical can be introduced into 
benzene and its homologues hy reactions similar to those by which the first was 
introduced, t.e., (1) by the action of zinc dust {Zincke, Ber. 9, 31), or aluminium 
chloride on a solution of benzyl chloride in the hydrocarbons, and {^) by the 
action of sulphuric acid on a mixture of benzene and acetaldehyde or formalde¬ 
hyde {Baeyer, Ber. 6, 221; Thiele. Ber. 37, 1467). 1,4- and l,2-(a- and jS-) 

Dibenzyl-benzene, triphenyl-dimetnane, m.p. 86 ° and 78°, respectively, p- 
Dimeihyl-triphenyl-dimethane, CH* • C 4 l 4 • CH 2 • CeH 4 • CH 2 • (J 5 H 4 • CHi^ is ob¬ 
tained from p-xylylene bromide in toluene by the action of zinc bromide, m.p. 
83.5°; it can also be readily obtained by the reduction of di-p-toluyl-benzene, 
CH|• C 6 H 4 • CO •C 6 H 4 CO* 08114 *011 J, m.p. 194°. For further derivatives see 
Cmnerade, Bull. Beige.40,144. bia-Amino-benzyl-resorcinol, (NH 2 C 6 H 4 • 0112 ) 2 - 
OeHa(OH) 2 , m .p. 213 °, is obtained as a by-product in the condensation of p-amino- 
benzyl alcohol with resorcinol by means of hot dilute sulphuric acid {FriedMrtder, 
Mo. 23, 973). 

o-Dibenzhydrylbenzene, C 6 H 4 (CHOHC«H 6 ) 2 , m.p. 120°, is obtained by reduc¬ 
tion of o-dibenzoylbenzene (see below) with sodium amalgam; when acted upon 
by mineral acids, it is readily converted into sj/^/i-diphenylphthalane, 

>0 , m.p, 96°, with loss of water. This compound can also be ob- 

JH—COI* 


tained synthetically by the action of phenyl magnesium bromide on phenyl- 
phthalide (p. 522), followed by elimination of water from, and reduction of the 
product {Guyot, C.r. 140, 1348). 

0 -, rn-, and p-Dibenzoylbenzenes, phenylene^iphenyl ketone, phthalophenone, 
C*H 4 (COCeH 6 ) 2 , m.p. 148°, 100°, and 160°. respectively. The 0 - and p-com- 
pounds are obtained by the oxidation of the corresponding dibenzylbenzenes. 
The m- and p-compounds are obtained from m- and p-phthaloyl chlorides, ben¬ 
zene, and aluminium chloride {Ador, Ber, 13, 320); os-o-phthaloyl chloride gives 
diphenyl-phthalide under these conditions {NoeUing, Ber. 19, 146; Munchmeyer, 
Ber, 19, 154). o-Dibenzoylbenzene is tautomeric with diphenylphthalide (Tas¬ 
man, Rec. 46, 663). 1-Amino-2,4-dibenzoyl-benzene, CeH3lllNH2[2,4]- 
(C0C6H6)2, m.p. 138°, is obtained in the form of its benzoyl compound, m.p. 156°, 
by heating 1 mol. of aniline with 3 mols. of benzoyl chloride, when the dibenzoyl- 
aminobenzophenone (see p. 519) first formed undergoes intramolecular rearrange¬ 
ment {Chattaway, Proc. 20, 223; J. 85, 1663). 
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Dibenzoyl-mesitylene, (CHi)i{l,3,6]C«H(COC«H(^i, m.p. 117**, is obtained 
from mesitylene, 2 mols. of benzoyl oiuoride, and aluminiiun chloride. When oxi* 
dised it gives spm- and os-dlbenzoyl-mesitylenic acid, (C(HiCO)tC(H(CHi)i- 
COOH, m.p. 222* and 174*, respectively, sym- and os-dibenzoyl-nvitic acid, 
(C«HtC!0)iC^(CHi)(C00H)i, m.p. 262* and 211*, respectively, and finally 
dibenzoyl-trimedcacid, (C,H,CO)»CJH(COOH),,m.p.250* (Milh, J. 81, 1311). 

2. TRIPHENYLMETHANE GROUP 

Triphenylmethane, tolyldiphenylmethane, and ditolylphenylmeth- 
ane are the parent substances of the rosaniline dyes, malachite greens, 
aurines, and phthaleins. 

(a) Hydrocarbons 

The general methods of preparation of the triphenylmethane hy¬ 
drocarbons follow from the methods available for the preparation of 
triphenylmethane itself. 

Triphenylmethane, CH(C«H6)8, b.p. 92°, b.p. 358°, is prepared: 

1. By the action of benzal chloride on mercury diphenyl (KekuU, 
Franchimont, Ber. 5,907). 

By the action of (a) zinc dust, or (6) aluminium chloride on a 
mixtum of benzene and either benzal chloride or benzotrichloride 
{Bdttinger, Ber. 12, 976; Doebner, Ber. 12, 1468; Schwarz, Ber. 14, 
1526). 

S. By the action of chloroform or carbon tetrachloride on benzene 
in the preseiice of aluminium chloride (Fischer, Ann. 194, 254; Allen, 
Ann. 227,107; KoUiker, Ann. 228,254; c/. Morris, Am. 26,499). 

4. By the action of phenyl magnesium bromide on chloroform or 
benzal cliloride (Reychler, Beige [3], 35,737). 

5. By the action of phosphonis pentoxide on a mixture of di- 
phenylcarbinol and benzene at 140° (Hemilian, Ber. 7, 1204). 

6. By reduction of triphenylcarbinol or triphenyl-bromomethane 
(p. 529) (Acree, Ber. 37, 616; Bistrzycki, Ber. 37, 1249; Tshitshi- 
babin, Ber. 44,441). 

7. By the action of nitrous acid and alcohol on di- and tri-amino- 
triphenylmethane sulphate (Fischer, Ann. 206, 152). This reaction 
is of importance in demonstrating the connection between pararosani- 
line and triphenylmethane. 

Triphenylmethane crystallises from benzene with 1 mol. of ben¬ 
zene of crystallisation. This compound melts at 75°. It also 
separates from solution in thiophene, pyrrole, and aniline with 1 mol. 
of the solvent (Liebermann, Ber. 26, 853; Hartley, J. 89, 1013). 
Two polymorphic forms of the substance, of which only one is stable, 
can be crystallised from solution in alcohol. When oxidised it is 
converted into triphenylcarbinol, and when reduced by hydrogen 
and finely divided nickel at 220°, it gives tricyclohexylmethane, b.p. 
140° (20 mm.) (Godchot, C.r. 147,1057). When heated with hydrogen 
iodide and red phosphorus to 280°, it is decomposed into benzene and 
toluene. When heated with pot^ium, potassio-triphenylraethane, 
(C*Hs)aCK, is formed (see p. 170). This compound combines with 
carbon dioxide to give potassium triphonylacetate (p. 557). For the 
alkali-metal salts of triphenylmethane, see Hantzsch, Ber. 54,2620. 
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0 ^, nK&ndp-Methyltriphenylmethane, diph6iivl-o,?n,p-tolylmethane, (CeHs)!- 
CH^CeHiCHi, m.p. 83®, 62®, and 71®, respectively, are obtained by the r^uction 
of the corresponding carbinola. The m-compouna is obtained by the action of 
nitrous acid and alcohol on leucaniline sulpnate (Fischer, Ann. 194, 282; qf. 
Biatrzycki, Ber. 37, 1245). p-Tolyldiphenylmethane can be readily obtained 
from diphenyl-carbinol (p. 612). toluene, and stannic chloride (Bistrzycki, Ber. 
37, 669). Diphenyl-o-. m-, ana p-zylylmethanes, m.p. 68®, 61®, and 92®, re¬ 
spectively, are obtained by the action of phosphorus pentoxide on a mixture of 
diphenylcarbinol and the respective xylene (Hemilian, Ber. 16, 2360). 

NITRO-SUBSTITUTION PRODUCTS, m- and p-Nitro-triphenylmethane, 
N02*CeH4*CH(C«H6)*, m.p. 90® and 93®, respectively, are obtained by the action 
of zinc chloride on a mixture of benzene and m- or p-nitrobenzaldehyde (Tschai^ 
cher, Ber. 21, 188; Baeyer, Ber. 23, 1622). 

p,n',p*'-Trinitro-Mphenylmethane. CH(C«H4[4JN02)a, m.p. 206®, is obtained 
by tne action of nitric acid on tripnenylmethane. It gives, like tetranitrodi- 
phenylmethane (p. 611), an intensely violet sodium salt when treated with sodium 
ethylate, and it dissolves in alcoholic potash giving a violet solution (Richter, 
Ber. 21, 2476). On further nitration with a mi^rture of cone, nitric and sulphuric 
acids, o,o',o*',p,p',p*'-hexanitro-triphenylmethane. CH[C 6 Hs(N 02 )j 1 i, m.p. 260® 
(decomp,), is formed. When this compound is reduced with alcoholic ammonium 
sulphide, it gives trinitrotriamino-triphenylmethane (Baeyer, Ber. 3^ 2779). 

PiP 'jp^'-Trinitrodiphenyl-m-tolyl-methane, (N02[4] C 6 H 4 ) 2 CH • C4Ha[4]N02- 
[3jCHi (Fischer, Ann. 194, 284; Bistrzyeki, Ber. 37, 1251). 


(b) Amino-compounds 


These compounds are produced; f. By the reduction of the corresponding 
nitro-compounds. By reduction of the corresponding amino-carbinols, the 
colour bases of the malachite green and rosaniline group. They are often known 
as the leuco-compounds corresponding to these dyes. S, By condensation of 
diphenyl-carbinol or benzaldehyde with aniline hydrochloride or <hmethylaniline 
hydrochloride in the presence of phosphorus pentoxide or zinc chloride. 4- Mixed 
diamino-tripiienylmethanes may be obtained by the following method: benzyli- 
dene-aniline combines with anilines to give aminobenzhydryl-phenylamines. 
When these are treated with salts of aromatic amines, they give diamino-tri- 
phenylmethanes (Ger. Pat. 111,041): 


CeTIiCHrNCeHB 


CeH,NHs 
-^ 


C6n6CH<^^ 


C.H4NH2 


NUCeHft 


CtICtNH* 

nil ^ 


CelltOlIC^ 


Cjr4NH2 


When the salts of these amino-compounds are oxidised with chloranil or lead 
dioxide and hydrochloric acid, etc,, they are converted into the salts of the colour 
bases, to which malachite green and rosaniline belong, being derived from tri- 
phenyl-carbinol. 

o-Amino-triphenylmethane, (C4H5)2CHCoH4[2]NH2, m.p. 129®, is obtained 
from the corresponding amino-carbinol by reduction with zinc dust and glacial 
acetic acid (Baeyer, Ber. 37, 3198). 

m-Amino-triphenylmethane, m.p. 120°, is obtained from m-nitro-triphenyl- 
methane (Tschacher, Ber. 21, 189). 

p-Amino-triphenylmethane, m.p. 84®, b.p. 248® (12 mm.) (Baeyer, Ber. 37, 
699). This compound is produced: 1. from p-nitro-triphenylmethane; 2, from 
diphenyl-carbinol, aniline hydrochloride and zinc chloride (Fischer, Ann, 206, 
155); 3, from phenylbenzhydrylamine, (C 6 H 6 ) 2 CHNHC 6 H 6 (p. 513) by heating 
with aniline hydrochloride (Busch, Ber. 38,1768). p-Dimethylamino-Mphenyl- 
methane, (CeH6)2CH‘C6H4[4]N(CH8)2, m.p. 132®, is obtained from benzophe- 
none chloride and dimethyl-aniline, from diphenyl-carbinol and dimethylaniline 
in the presence of phosphorus pentoxide (Fischer, Ann. 206,113), and from benzo- 

S henone, dimethylaniline, and zinc chloride * (Doebner, Ann. 242, 341). p- 
.cetamino-triphenyimethane, m.p. 167®, see Baeyer, Ber. 37, 599. 
p,p'-Diaminotriphenylmetliane, CeH#«CH(C6H4l4]NH2)2, m.p. 139®, with 1 
mol. benzene of ciystallisation, m.p. 106®, is the parent base of Icuco-malachite 
neen. It is obtained 1, from benzalchloride and aniline by the action of zinc 
dust; 2. by the action of zinc chloride at 120® on a mixture of benzaldehyde and 



TRIAMINO-TBIPHENYLMETHANE 


627 


aniline hydrochloride {Fischer^ Ber. 15, 676), or by boiling the mixture with 
hydrochloric acid {Mazzara, Gazz. 15, 50; Baeyer, Ber. 3^ 2860); S, by reduc¬ 
tion of diaminotriphcnyl-chloromethane with zinc dust (Fischer^ Ber. 15, 676: 
Weilj Ber. 61, 1294). The base forms molecular compounds with benzene ana 
org^ic bases. The diacetyl derivative, m.p. 240"241®, is difficultly soluble. 

For chloro-, nitro-, and hy^oxy-diamino-triphenylmethanes, and their 
molecular compounds, see Weil, Ber. 61, 1294. 

p,p '-Tistramethyl-diamino-triphenylmethane, leuco-malachite 
green, C#H6-CH[CeH4[4]N(CH3)a]2, is dimorphous, and crystallises in 
leaflets, m.p. 93-^4°, or in needles, m.p. 102°. The lower melting 
point substance is obtained by crystallisation from alcohol, the other 
by crystallisation from benzene. It is obtained by methylation of 
p,p'-diamino-triphenylmethane, and also by the action of benzal 
chloride on dimethylaniline. It is produced technically by the con¬ 
densation of benzaldehyde and dimethylaniline with hydrochloric 
acid or sulphuric acid (^o formerly zinc chloride, or oxalic acid) as 
condensing agent. When oxidised it gives p,p'-tetraraethyl-diamino- 
triphenylcarbinol, the base of malachite green. 

Dimethyl-dicyano-diamino-triphenylmethane, [CHjN (CN}CtH 4 ] 2 CHCtHf, 
m.p. 163°, is obtained from leuco-malachite green by warming it with cyanogen 
bromide. When hydrolysed with hydrochloric acid this substance gives rise to 
p,p'-dimethyl-diamJno-triphenylmeQiane, (CH|NH‘C«H4)sCHC«H5, m.p. 104* 
(von Braun, Ber. 37, 637). 

0 - and m-Nitro-p,p'-diamino-triphenyImethane are obtained by the condensa¬ 
tion of o- and m-nitrobenzaldehyde with aniline sulphate in the presence of zinc 
chloride. The w-compound melts at 136° (Fischer, Ber. 13, 671; Renouf, Ber. 
16, 1305). 

Just as benzaldehyde and the nitrobenzaldehydes condense with aniline and 
dimethylanilinethey also condense with o- and p-toluidine (UUmann, Ber. 18, 
2094). m-Toluidine and m-derivatives of aniline only react readily if the amino- 
group is methylated (Kock, Ber. 20, 1563). 

Triamino-triphenylmethane is obtained by the reduction of nitro- 
and nitroamino-triphenylmethanes and the triamino-triphenyl- 
carbinols. The latter form the rosaniline bases if the three amino- 
groups are in the p-position to the C(OH) group, and their reduc¬ 
tion products are called leuco-anilines. These exist as white pre¬ 
cipitates and are converted into the carbinols by oxidation: o,p,p'- 
triamino-tiiphenylmethane, or ortholeuco-aniline and m,p,p'-tn- 
amino-triphenylmethane, or pscttdo-leuco-aniline, and p,p',p‘'-tri- 
amino-triphenylmethane, or p-leuco-aniline, gives dyes when oxi¬ 
dised. The o-compound gives a brown dye, the m-compound a 
violet dye, and the p-compound gives pararosaniline (p. 534). 
p,p',p*’-Triamino-triphenylmethane can also be obtained by the con¬ 
densation of p-aminobenzaldehyde with aniline in the presence of 
zinc eWride. Its fm-diazonium chloride, CH(C8H4*N»-C1)$, gives 
triphenylmethane when boiled with alcohol. 

PjP'jP'-Triamino-diphenyl-m-tolylmethane, leuco-amline, [(NH,)- 
[4]C4H4]sCH—C eH»[4]NH*[3]CH», is the leuco-compound corre- 
spon^ng to rosaniline. It is obtained by reduction of the correspond¬ 
ing trinitro-compound; or from the fuchsin salts by heating with 
ammonium sulphide to 120°, or with zinc dust and hydrochloric acid. 
Th^ diazonium sulphate is converted into diphenyl-m-tolylmethane 
when boiled with alcohol. 
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(c) Carbinols 


These compounds are obtained (1) by the oxidation of triphenyl- 
methane hydrocarbons, or their nitro-, or amino-compounds, and 
can be prepared synthetically by several methods. 

(IS) From aryl magnesium halides (a) with aromatic esters or benzophenones 
(Boeyer, Ber. 35, 2024; UUmann, Ber. 36, 406; Bistnycki,’Bet. 37,663; Acres, 
Ber. 37, 990): 


CJIiCOOCH, + 2C^6MKBrs, 
C»R,CX)C,H»+ COf.MgBr'' 


(C,H.).C(OH); 


( 6 ) by the action of CO*, COS, COCl», CICOOR (Weigert, Ber. 36,1010; Sckroe- 
t«r, ibid., 3005; Hoxiben, ibid., 3087; Auwera, ibid., 3236). Other products are 
also formed: 


3C«H,MKBr —£2L» (CJFI,),C(0H); 

(c) from triarylacetic acids (p. 557) by treatment with cone, sulphuric acid, when 
CO is split off (Geiperty Ber. 37, 655): 

(CJI,)rf)(C,H4CH,)COOH - (C,H,),C(CJJ4 CH,)0H. 

Triphenylcarbinol, (C 6 H 6 ) 3 C(OH), m.p. 163°, b.p. above 360°. 
0 -, m-, and p-Tolyl-diphenylcarbinols, (C,H 5 )s(C»H 4 CH8)C OH, 
m.p. 98®, 65®, and 74® (Bistrzyeki, Ber. 37, 656, 1245; Acree, ibid., 
992). Tri-p-tolylcarbinol, (CH 8 C 6 H 4 ) 3 C.OH, m.p. 96° (Mothvmrf, 
Ber. 37, 3153). 

Diphenyl-monobiphenylyl-carbinol, (C4H4)iC(OH)-C4H4’C4H4, m.p. 136°; 
pbenyl-dibiphenylyl-carbinol, (C 4 H 4 ‘C 4 H 4 ),C(OH)C 4 H 4 , m.p. 151°; tribi- 
phenylyl-carbinol, (C 4 H 4 ' 0404 ) 40 -OH, m.p. 208°, see ScMenk, Ann. 368, 298. 

The OH-group in triphenylcarbinol and its homologues is very 
reactive. Triphenylcarbinol is very readily converted into ethers by 
the action of alcohols; triphenylcarbinol-methyl ether, (CeHOsCO- 
CHt, m.p. 82°. The ethers are very readily hydrolysed by acids. 
With sodium bisulphite, salts of triphenylmel^yl sulphonic acid, 
(C«H6)a.CSO»Na, are formed, and with aniline, triphenylmethyl- 
aniline is formed. It reacts with aniline hydrochloride forming p- 
aminotetraphenyl-methane (p. 551). With phenol an^ anisol tetra- 
phenylmet&ine derivatives are formed in a similar way. The ease 
with which the carbinols are reduced to the hydrocarbons depends on 
the nature of the substituents in the benzene nuclues. Triphenyl- 
carbinols containing a methoxy-group, particularly if in the o-position, 
are very readily converted into the corresponding triphenylmethane 
derivatives, even by formic acid (Kauffmann, Ber. 45, 768). The 
carbinols form coloured, unstable, ^id sulphat^ with sulphuric acid. 
The stability of these compounds increases with the introduction of 
halogen or methoxyl into the benzene nucleus of the carbinol (Baeyer, 
Ber. 38, 1156). The well-defined crystalUne percUorates, wliich are 
hi^y coloured, are specially characteristic of the triphenylcarbinols. 
Triphenylcarbinol also forms salt-like compounds with pyridine and 
quinoline. 
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Triphenyl-chloromethane, (CtHi)tCCl, m.p. Ill®, is obtained from the carbi- 
nol by treatment with hydrochloric acid in glacial acotic acid, by the action of 
phosphorus pentachloride, or acetyl chloride (Gomherg^ Ber. 36, 384, 3924), and 
by warming triphenylacetyl chloride with cone, sulphuric acid, when carbon 
monoxide is split off. It is obtained synthetically bv the action of benzene on 
carbon tetrachloride in the presence of aluminium chloride (see Norris, Am. 26, 
492). Triphenvl-bromome^ane, m.p. 152®, is obtained by the action of bromine 
on a solution of triphenylmethane in carbon disulphide, in sunlight {Allen, Ann. 
227. 110), or from the carbinol by the action of hydrobromic acid in glacial acetic 
acid {Wieland, Ber. 42, 3024). Triphenyl-iodomethane, m.p. 132®, is obtained 
by the action of a solution of iodine in carbon disulphide on a solution of triphenyU 
methyl (p. 575). When exposed to air, its solutions give triphenylmethyl- 
peroxide. with separation of iodine (see Vol. IV). Triphenyl-fluoromethane, m.p. 
102-104®, is obtained by the action of acetyl fluoride on triphenylcarbinol {Blicke, 
Am. 46, 1515). The triphenyl-halogenomethanes combine with excess of the 
halo^ns to give well-ciystallised perhalides, e.g,, (C6HB)iCBr'Bri, (C6HB)«CBr- 
li, (C6H6)sCn[*l8> etc, (Gomberg, Ber. 35, 1831). 

In the triphenyl-halogeno-methanes, the halogen is very loosely bound, and 
they behave in many ways as salts. Thus, their solutions in sulphurous acid, 
pyridine, and acetone conduct electricity. By electrolysis of a solution of tri- 
phenyl-bromomethahe in liquid sulphur dioxide, the substance is broken down 
into bromine and the triphenylmethyl radical, (CbHs) 3 C—, which partly dimeriscs 
to hexaphenylethane (p. 575) (Schlenk, Ann. 372, 11). This behaviour is, of 
course, exactly analogous to what takes place with a metallic salt. When boiled 
with water, the triphenyl-halogeno-metnanes pass smoothly into the triphenyU 
carbinol. When treated with silver acetate, triphenyl-carbinol acetate, (CeH*)!- 
COCOCHj, m.p. 88®, is formed (Gomherg. Ber. 36, 3926). With potassium 
cyanide, triphenyl-acetonitrile is formed (p. 557). Triphenyl-chloromethane 
reacts with primary alcohols in the presence of pyridine to give ethers of tri¬ 
phenyl-carbinol (^‘trityr*-ethers), which often crystallise well. These reactions 
can be used for the purification and characterisation of primary alcohols, and has 
recently been employed in the investigation of sugars in order to obtain the con- 
fi^iration of the hydroxyl groups about the carbon atoms. The trityl ethers are 
fairly easily hydrolysed by treatment with methyl alcoholic hydrochloric acid 
{Helferich, Ber. 56, 766). 

The triphenyl-halo^eno-methanes, like all compounds of triphenyl-carbinol 
with acids, can exist in two forms, w’hich differ in colour. A colourless and a 
coloured form exist. Thus triphenyl-chloromethane, which is colourless in the 
solid state, dissolves in sulphur dioxide giving a yellow solution. The explana¬ 
tion is as follows: According to HarUzsch (Ber. 54,2569, 2617) the two forms dif¬ 
fer in the way in which they are affected by an electric current. The colourless. 
non-conducting form is regarded as a true ester (‘‘pseudo''-salt), and the colour^ 
compounds are true salts (“carbonium salts"). The colour, according to this 
view, is regarded as due to the transformation of the homopolar linkage into the 
ionic linkage, which is produced by an intramolecular change. According to 
Lifschuiz (Ber. 64, 161) the coloured salts differ from the colourless compounds in 
molecular complexity, the former being associated complexes with a meriquinoid 
system. The ease with which one form is converted into the other depends on the 
nature of the solvent. DUthey (Ber. 62,1834) formulate the coloured compounds 
as true salts with a coordinated unsaturated carbon atom in the cation, the co¬ 
ordinate linkage giving rise to the colour ("carbenium salts"). 

Triphenyl-cnloromethane forms highly coloured compounds with aluminium, 
zinc, and stannic chlorides, etc,, which correspond with the above-mentioned sul¬ 
phates and perchlorates, and are regarded as carbonium (or carbenium) salts, 
with a cominex anion. It reacts with magnesium in ether solution forming the 
very reactive triphenylmethyl-magnesium chloride (CBHi)jCMgCl. By the 
action of zinc, or colloidal silver or copper on a benzene solution of triphenyl- 
chloromethane, in the absence of air, triphenylmethyl or hexaphenylethane is 
formed (see free radicals, Vol. IV). When heated above 280®, triphenyl-chloro- 
methane and triphenyl-bromomethane condense to diphenylene-phenymiethane, 
(CiHOsCHCcHb. 

Triphenylmethyl-amine, (C«Hi)iC'NHi, m.p. 103®, is obtained by passing 
ammonia gas into a benzene solution of triphenyl-halogeno-methane (Nauen, 
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Ber. 17, 442; Hemilia^ Ber. 17, 741; Oontberg^ Ber. 35, 1827). Triphenyl- 
metbyl-anUine, (CflH6)iC«NHC6Hi, m.p. 144®. is obtained by wanning tri- 
phenyl^carbinol with aniline in glacial acetic acia (ElbSt Ber. 17, 703; Hemilian, 
Ber. 17, 746; Baeyer, Ber. 35, 3016). The so-called diphenylbenzyl-sultam, 

C«H 4 <C >NH, m.p. 210®, may be regarded as a derivative of tri- 

\2]SCh -^ 

phenylmethyl-amine, since it is obtained, together with phenylbenzal-sultim (p. 
516) by the condensation of pseudo-saccharin chloride with benzene in the pres¬ 
ence of aluminium chloride (Fritzsch, Ber. 29. 2296). 

Triphenylmethyl-hydrazine, (C6H6 )jC-NHNHi, hydrochloride, m.p. 133®, is 
obtained together with «pm-di-triphenylmethyl-hydrazine (see below) by the 
action of hydrazine hydrate on triphenyl-chloromethane. With nitrous acid it 
gives triphenylmethyl-azide, (CeHsliCNs, m.p. 64®, a remarkably stable ester of 
hydrazoic acid (Wieland, Ber. 42, 3024). 

Triphenylmetiiyl-hydroxylamine, (CeHslaCNHOH, is obtained by the action of 
hydroxylamine on triphenyl-chloromethane. It melts at 130® (Mothwurf. Ber. 
37, 3152). When treated with phosphorus pcntachloride it is converted into 
benzophenone-anil (CeHsla-C—NCeHi {Stieglitz, Ber. 46,2147). 

spm-Triphenylmethyl-phenylhydrazine, (C6H8)8CNHNHC8H6, m.p. 137®, is 
obtained by the action of pnenylhydrazine on triphenyl-chloro- or triphenyl- 
bromo-methane. When acted upon by nitrous acia it forms triphenylmethane- 
azobenzene, (C 6 H 5 )*CN:NC 8 H 6 , m.p. 114®. 

spm-Ditriphenylmethyl-hydrazine, (C6H6)tC*NHNH*C(C»H6)*, m.p. 219- 
220®, is obtained by the action of hydrazine hydrate on triphenyl-chloromethane. 
When oxidised with sodium hypo-bromite it breaks down into nitrogen and tri- 
phenylmethyl, with the intermediate formation of the very unstable azotriphenyl- 
metfaiane, which has not itself been isolated. When treated with bromine or iodine 
it is converted into triphenylbromo- or -iodo-methane, and their perhalidcs 
(WielaTidf Ber. 42, 3020). When heated above its melting point it breaks down 
into nitrogen and triphenylmethane. In the presence of stannous chloride at 250- 
300® it forms triphenylmethane and triphenylmethyl-imide, which immediately 
transforms to benzophenone-anil (see above) {Stieglitz^ Am. 44, 1270). 

m- and p-Bromotriphenyl-carbinol, m.p. 67® and 114®, are obtained by the 
action of phenyl magnesium bromide on ethyl m- or p-bromobenzoate. p,p',p*'“ 
Trichlorotriphenyl-carbinol, m.p. 99®, is obtained from p-chloro-iodobenzene, 
ethyl p-chloro-oenzoate, and magnesium. p,p',p"'-Triiodotriphenyl-carbinol, 
m.p. 163®, is obtained by the action of iodine and potassium iodide on the tris- 
diazonium sulphate of pararosaniline {Baeyer, Ber. 38, 585). 

m- and p-Nitrotriphenyl-carbinol, (C«H8)2C(0H)C6H4N02, m.p. 75® and 98®, 
respectively. The p-compound has been obtained in the pure state from its 
chloride, which is the condensation product of p-nitrobenzophenone chloride and 
benzene in the presence of aluminium chloride (Tschacher, Ber. 21, 190; Baeyer, 
Ber. 37, 604). 


p,p^p''-Trinitrotriphenyl-carbinol, (NO 2 [4]C6H4)8‘C-OH, m.p. 
171®, is obtained by oxidising p,p',p"-trinitrotriphenylmethane with 
chromic acid in glacial acetic acid. When reduced it gives pararos¬ 
aniline. 

AMINO-TRIPHENYL-CARBINOLS. Of the compounds be- 
longing to this class, p,p'-diaminotriphenyl-carbinoI, and 
triaminotriphenyl-carbinol, deserve special mention. p,p'-Tetra- 
methyldiamino-triphenyl-carbinol is the base of malachite green, and 
p,p',p*'-trianiinotriphenyl-carbinol that of pararosaniline. The free 
amino-carbinols are colourless. When they are warmed with acids 
colour-salts are formed with the elimination of water. These are also 
forpied directly by the oxidation of the salts of the leuco-compounds, 
and are reconverted into the latter^ by reduction. Thus, when 
p-leuco-rosaniline hydrochloride is oxidised it gives pararosaniline 
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chloride, from which bases will separate the colourless pip'jp'-tri- 
amino-triphenyl-carbinol. With hydrochloric acid this again gives 
pararosaniline chloride: 

NH,[4]Cai4. /C,H4[4]NH,-HC1 2H NHs[4]C,H4v 

>c!< tzi: >c==c,H 4 =nh,ci 

NH,(4]CJEl4/ NH2[4JC,H«/ 

HCl NHjC,H4-. /C,H4NH4 

>C< 

IEoh NH»C,H4/ \0H 

Only those mono-, di-, and tri-aminotriphenyl-carbinols which contain at least 
one amino-^oup in the p-position can give rise to coloured salts with elimination 
of water. Dyes are only formed when there are two amino-groups in the p- 
position. 

By careful decomposition of the dye-salt with caustic soda, the more or less un¬ 
stable methylene-quinone-imine bases, of the type Ar 2 C:C 6 H 4 :NR, or AR 2 C:- 
C6H4:NR20H (cjT. methylene-quinones, pp. 242, 340) are first formed. These 
pass into the amino-car binols by addition of water, or transformation. If am¬ 
monia is used for the separation of the colour base an amine derived from tri- 
phenyl-methylamine is formed instead of the carbinol. These **amine-bases" 
are very similar to the carbinols. They are colourless, crystalline compounds, 
stable towards alkalis, and giving the dye when acted upon by acids, ammonia 
being removed {Villiger, Ber. 45, 2910). The dyes are reduced to the leuw- 
compounds by sodium hydrosulphite. In this reaction the leuco-sulphinic acids 
are first formed, (NH2‘C56H4‘)3C-S03H, which may also be formulated as sul- 
phoxylic acids. When heated, these intermediate products break down into the 
leuco-compounds and sulphite (Wieland, Ber. 52, 880; Scheuing, Ber. 56, 1583). 
These reactions are also given by the p-hydroxytriphenyl-carbinols (c/. pp. 539, 
545). DivhenyUmino-'methane (p. 539) may be regarded as the parent sub¬ 
stance of the triphenylmethane dyes. It is called fuchsone, after the most impor¬ 
tant dye of the series {Baeyer, Ber. 37, 2848): 

V (C<iH5)2C : C.H 4 :0 (C«H6)2C: C«H4: NH (C4H6)2C: C«H4: NH • HCl. 

Fuchsone [Fuchsone-imine] Fuchsoue-imonium chloride 

This extended view of the triphenylmethane dyes as imonium salts 
with a meriquinoid system, is contrary to their formulation as car- 
bonium salts. According to this latter view, the colour is due to 
the presence of a coordinated unsaturated C atom. The ent^ of a 
coordinate linkage into an ion deepens the colour {Dilthey, Wizir^er, 
p. 529). According to this method, “fuchsone-imonium chloride” 
derived from fuchsone, woidd be formulated as a carbonium salt 
[(C«H 6 ) 2 C*(C 6 H 4 NH2)]C1 QVeygand, Ber. <50, 2429; DiUhey, Ber. 62, 
1^4, 2078, 2738). It is not possible to bring forward evidence 
which would decide in favour of one or the other formulation. It is 
also possible that in the colour salts of the triphenylmethane dyes the 
charge of the cation may be carried by either lie nitrogen or the 
carbon. In what follows, the more usual method quinoid-imonium 
formulation will be used. The coordination theory of these dyes has 
been dealt with by Wizinger in his book “Organische Farbstoffe” 
(Berlin and Bonn, 1933). 

p-Affllno-triphenyl-earbinol, HO •CfC.HtliCgH.NHi, is obtained from its acetyl 
derivative, which is itself prepared by the oxidation of acetainino>triphenyl> 
methane (p. 526) with lead dioxide; with hydrochloric acid it first forms the 
salts HO-C(C.H,)jC 4H4NH,-HC1 and C1C(C4H,),C»H4NH, HC1, the former of 
which is faintly coloured, and the latter colourless. On heating, these lose water 
and hydrochloric acid, respectively, and become the salts of the oxygen*free base. 
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which are highly coloured. This compound, anhydro>p-aminotripheuyl-carbiuol 
(fuchsone-imine) is dimolecular in the free state, with the formula [(C 6 H 6 ) 2 C:- 
C 6 H 4 :NH]t, and is colourless. Its salts can be obtained as the condensation 
products of p-aminobcnzophenone and phenyl magnesium bromide (Baeyer, Her. 
37, 597). 

p-Anilino-triphenyl-carbinol, a colourless substance, is obtained by the addi¬ 
tion of water to the anhydro-base, diphenyl-meihylene-quinone-phenyl-imine, 
(C 6 H 5 ) 2 C:CeHi:NC6H6, also known as fuchsone-anii. It forms red prisms, m.p. 
133-138®. The latter is prepared by heating diphenyl-p-anisyl-methy 1-anilide, 
(CeH 6 ) 2 C(NHC 6 H 6 )C«H 40 CHj, with organic acids benzoic acid) (Baeyer, 

Ber. 37,608). 

p-Dimethylamino-triphenyl-carbinol, (CH 3 )iN • C«H 4 C(OH) (Cells)*, m.p. 
93®, is obtained by the action of benzophenone on p-dimethylamino-phenyl 
ma^esium bromide, or from benzophenone chloride, dimethylaniline, and zinc 
chloride (Ehrlich, Ber. 36^ 4296; Baeyer, Ber. 37, 2857). 

o-Amino-triphenyl-carbinol, m.p. 121®, is obtained from ethyl anthranilate and 
phenyl magnesium bromide. When heated for a long time it loses water and 
forms phenyl-acridine. When the hydrochloride of o-aminotriphenyl-chloro- 
methane is treated with pyridine, the anhydro-compound analogous to the p- 
aminotriphenyl-carbinol, (CnHuN)*, is formed. It melts at 250® with decom¬ 
position (Baeyer, Ber. 37, 3191). 

m-Amino-triphenyl-carbinol, m.p. 155®, see Tschacher, Ber. 21, 190. 

p,p'-Diamino-triphenyl-carbinol, (NH 2 C 6 H 4 ) 2 C(OH)C 6 H 4 , colourless crystals, 
is best obtained by oxidising diaceto-diamino-triphenyLmethane (p, 527) with 
manganese dioxide, hydrolysing, and purifying through the methyl ether, m.p. 
161-163®. When neated water is eliminated and it passes into the unstable 
methylene-quinone-imine base (amino-fuchsone-imine). The salts of this com¬ 
pound are violet-red in colour, and resemble fuchsine (Baeyer, Ber. 37, 2859). 

p,j9'-Dimethyl-diamino-triphenyl-carbinol, (CH|NH *06114)20(OH)CeH 4 , m.p. 
95®, is obtained W hydrolysis of the cyanogen-substituted carbinol, ((IJH|N(CN)- 
CeIi 4 laC(OH)C 6 H 6 . This compound itself is obtained from the corresponding 
triphenylmethane derivative (p. 527) by oxidation with permanganate in acetone 
solution (von Braun, Ber. 37, 641). 

p,p'-Tetramethyl-diamino-triphenyl-carbinol, CbHb.CCOH)(CbHb- 
[4jN(CH3)2]2, m.p. 132®, crystallises from benzene in colourless 
crystals. It is obtained from the salts of the corresponding quinoid 
ammonium base, malachite green, by precipitation with alkali. It 
is also prepared by the oxidation of an alcoholic solution of p,p'- 
tetramethyl-diamino-triphenylmethane with chloranil {Fischer, Ann. 
206, 130) and by the action of ethyl benzoate on p-dimethylamino- 
phenyl magnesium bromide (Ehrlich^ Ber. 36, 4296). 

Methyl ethei% C 6 H 6 C(OCH 3 )[CeH 4 N(CHi) 2 ] 2 , m.p. 151® (Fischer, Ber. 33, 
3366; Roeper, Ber. 37, 2867). lodomethylate, C6H6C(OCH,)[CeH4N(CH,)3ll2 
-4- 2 H 2 <^ is obtain^^by heating PjP'-diami^-tr^henyl-carbinol^and g,^'-tetra- 

If p,p'-tetramethyJ-diamino-triphenyl-carbinoI is decomposed by 
acids, it dissolves in the cold to give an almost colourless solution. 
On long standing, or more rapidly on warming, it changes to a green 
colour, with formation of green salts of the quinoid ammonium base, 
malachite green {Fischer, Ber. 12,2348; HarUzsch, Ber. 33,298). 

.C«H4N(CH,)2 

Malachite green, CeHjCi , is obtained by the 

^eH4=N(CH,)2Cl 

action of zinc chloride on a mixture of benzotrichloride and dimethyl- 
aniline, or on a mixture of benzoyl chloride and dimethylaniline 
{Fischer, Ann. 206, 137). 
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In commerce, leuco-malacfaite green is first formed, and its hydrochloride is oxi* 
dised by lead dioxide. While benzoic acid itself will not condense with dimethyl- 
aniline, the ortho-methylated benzoic acids condense smoothly with tertiary ani¬ 
lines to form green dyes corresponding to malachite ^een (Ger. Pat. 101,426). 

In trade, malachite green comes on the market (diiefiy as its double salt with 
zinc chloride, (C 2 sH 25 NsCl)t* 2 ZnCls + 2 H 2 O, or as the oxalate, (CssHisNs)!- 
3HSC2O4. 

History .—Malachite green was obtained by 0. Fischer in 1877 by the oxidation 
of p ,p '-tetramethy 1-diamino-triphenyl-methane. He had obtained this compound 
by the condensation of benzaldehyde with dimethvlaniline. In 1878 Doebn^ dis¬ 
covered the preparation of malachite green from benzotrichloride and dimethyl- 
aniline. 

Brilliant g^een. solid green, or new Victoria green, is prepared from diethylaniline 
and benzaldehyao. It is tne tetra^-elhyl derivative corresponding to malachite 
green {Fischer, Ber. 14, 2521). The colour is rather more yellowish than mala¬ 
chite green. 

Acid g^een is obtained from benzaldehyde and benzyl-ethyl aniline by condensa¬ 
tion, oxidation, and sulphonation. The sulphonic acid group is in the benzyl 
radical {Friedldnder , Ber. 22, 688). 

Nitro-malachite green is ootained from o-, m-, and p-nitrobenzaldehyde and 
dimethylaniline {Fischer, Ber. 15, 682). o-Amino-malachite ^een has a blue 
colour. The colour base is obtained by oxidation and hydrolysis of the urethane 
of 2’-amino4eiLCo-malcLchite green, CiH60iC-NH[2]C6H4CH[C6H4*N(CHi)*l2 
{Baeyer, Ber. 36, 2776). Alkoxy-malachite ^eens and their derivatives have 
been obtained from substituted aryl-magnesium halides and Michler's ketone 
(p. 519), or by the action of dimethylaniline magnesium bromide and methyl 
anisate {Votocek, Ber. 46, 1755, 1760). For other substituted malachite greens, 
see Noelting, Ber. 39, 2041. 

7 n,m'-Tetramethyl-diamino-triphenyl-carbinol. m.p. 
170®, 140®, 184®, ana 129®, are obtained from the corresponding amino-oenzo- 
phenones by reaction with phenyl magnesium bromide, or dimethyl-aniline mag¬ 
nesium iodide {Baeyer, Ann. 354, 195). 

Various patent blues have been prepared^ which are sulphonated malachite 
grpens. They show greater fastness to alkahs than does malachite green itself. 


IWiamino-triphenyUcarbinols 

p,p ',p ""-Triamino-triphenyl-carbinol, p,p ',p *'-triamino-diphenyl- 
7W-tolyl-carbinol, and their methylated, ethylated, benzylated, and 
phenylated derivatives are of outstanding importance in the coal-tar 
dye industry. Their salts with one equivalent of an acid—hydrochloric 
or acetic—form the group of rosaniline dyes, in the narrower sense. 
Like malachite green, the rosaniline dyes contain no carbinol oxygen, 
since salt formation is accompanied by an intramolecular anhydride or 
methylene-quinone-imine formation (see p. 531), The free carbinols 
liberated from the salts by alkalis are colourless, but turn red in air. 
By careful treatment of pararosaniline with caustic soda a polymer 
of the oxygen-free methylene-quinone-imine base (p,p'-diamino-fuch- 
sone-imine) is formed first, in slightly coloured needles. On the other 
hand, if p,p',p*'-triamino-tophenyl-carbinol is heated in a current of 
hydrogen to 200®, an oxygen-free base is obtained as a red amorphous 
mass. This substance quantitatively regenerates pararosaniline with 
acids {Baeyer, Ber. 37, 1183, 2867). The following scheme shows 
these relationships: 

(NntCeH4)2C(OH)C5H4NH, <-► ((NH,C«H4)2C:C4H4:NH]* 

I 

(NH,C.H«),C: C.H«: NH -HCl 
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Fuchsine (Z. angew, Ghem. 1899,1034) is the dye obtained by the 
oxidation of a mixture of aniline, o-toluidine, and p-toluidine, 
known as red oil. The chief constituent of fuchsine is rosaniline, 
the hydrochloride or acetate of anhydro-p,p',p'^-triamino-diphenyl- 
m-tolylcarbinol, CaoHwNa-HCl + 4 H 2 O or CaoHigNs * 0211402 . The 
salts with one equivalent of acid combine with two further equivalents 
of acid to give black salts, which are decomposed in water to give the 
intensely coloured monobasic salts. The latter, the dyes, are usually 
readily soluble in water and alcohol, and crystallise in coppery-green 
crystals with a metallic lustre. Their solutions are carmine in colour, 
and dye wool and silk immediately a violet red colour. Vegetable 
fibres such as cotton can be dyed after treatment with a mordant, 
such as tannin. 

The mono- and tri-basic salts of rosaniline will take up 4HC1, NHs, or H 2 O 
forming colourless compounds, which readily pass into the original substance, the 
addendum being split off. The colour is also restored by converting the amino 
groups into quaternary ammonium bases (Brandy J. pr. [2], 118, 97). 

Fuchsine combines with sulphurous acid to give a colourless, readily soluble 
compouncL fuchsine sulphurous acid (for constitution, see Hantzsch, Ber. 33, 289; 
Wieland, Ber. 54, 2527). The colourless solution is turned red by addition of 
aldehydes, and is used as a reagent for their detection. 

In the oxidation of ‘‘red oil,*' stannic chloride (Verguin, 1859), mercurous or 
mercuric nitrates, or arsenic acid at 180-200® {Mediae; Nicholson; Girard, de 
Laire, 1860) may be used. Nitrobenzene with a little ferric chloride, or am¬ 
monium vanadate at 180-190®, may also be employed, when half the “red oil" 
is available as hydrochloride {Coupler, 1869, c/. Bruning, Ber. 6, 25, 1072; Cou¬ 
pler, Ber. 6, 423). 

In the arsenic acid process the fuchsine is obtained in the form of its arsenate, 
which is converted into the hydrochloride or acetate, and freed from arsenic acia 
by recrystallization. 

The nitrobenzene process has the advantage of producing a non-poisonous fuch¬ 
sine directly. Nitrobenzene acts merely as an oxidising agent, and does not take 
part in the formation of the fuchsine. 

Fuchsine is not formed from aniline, p-toluidine, or o-toluidine alone, and a 
mixture of aniline and o-toluidine gives no fuchsine on oxidation. On the other 
hand, not only does a mixture of the three amines give fuchsine, but a mixture of 
aniline with p-toluidinc gives, on oxidation, a dye which has the properties of 
fuchsine, and is called pararosaniline. The latter is also present in small propor¬ 
tion when the mixture of the three amines is oxidised. The chief constituent of 
fuchsine is the next higher homologue of pararosaniline, rosaniline {Fischer, Ber. 
13, 2204). 

By-products in the manufacture of fuchsine ,—In the fuchsine melt there are, in 
addition to about 34% fuchsine, some brown and violet dyes; mauvanilinc, 
violaniline, substances possibly belonging to the indulins, and other substginces 
not yet thoroughly investigated. There is also present a small quantity of a yel¬ 
low acridine dye, phosphine, or chrysaniline, 

History of the knowledge of the constitution of rosaniline and pararosaniline ,— 
The first to concern himself with the scientific investigation of fuchsine was 
A, W, Hofmann, His work, carried out in the early 1860's, led him to propose a 
formula for fuchsine and its colour base. He discovered numerous derivatives of 
fuchsine, particularly the methylated and ethylated violet fuchsin’es. Hof¬ 
mann supposed that the nitrogen atoms held the radicals in the fuchsine mole¬ 
cule together. In 1867^ however, KekuU put forward the possibility that the 
methyl group of the toluidine molecule which was necessary for the production of 
fuchsine, held the molecule together. Z, Kulowsky (1869) assumed that there 
were three amino-groups in fuchsine, and regarded it as a derivative of the hydro¬ 
carbon Ci 8 Hi 4 . It was gradually recognised that fuchsine was a derivative of a 
higher hydrocarbon. This view originated with the experiments of Wanklyn, 
Caro, Graehe, Dale, Schorlemmer, ana others, which were particularly concerned 
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with the relationship between fuchsine and rosolic acid. The ^'keystone to that 
extended series of experimental and speculative investigations" was the conversion 
of pararosaniline, prepared from a mixture of aniline and p-toluidine by oxidation, 
into triphenylmetnane by 0. and E. Fischer (1878). The hydrocarbon they 
prepared from rosaniline the chief constituent of fuchsine, turned out to be di- 
phenyl-w-tolylmethane. 

Triphenylmethane (4) is obtained by the decomposition of the tridiazonium 
sulphate of p-leucoaniline with alcohol. In the diagram below, the formula of the 
tridiazonium chloride (5) of p-leucoaniline (2) is used for the sake of simplicity. 
Concentrated nitric acid converts triphenylmethane into p,p',39''-trinitro-tri- 
phenylmethane (5), which, on reduction, gives p,p',p*'-triamino-triphenyl- 
methane or p-leucoaniline and on oxidation p,p jp^'-trinitro-triphenyl- 
carbinol {6 ). When p-leucoaniline is oxidised with arsenic acid, or when p,p 
trinitrotriphenyl-carbinol is reduced with acetic acid and zinc dust, pararosanuine 
(i) is formed. The following diagram illustrates this series of reactions, which 
were carried out starting with rosaniline itself {Fischer^ Ann. 194, 242). 


C(Jl4[4]NHa o CJl4[4lNH2HCi C6H4[4]Nra 

C^CJl4[4]NH, * 2 H ^H—Crfl4[4]NHjaCl-> ^H—CJl4[4]Nra 

^CJB4[4];NH-HC1 2Ha ^Crfl4[4]NHJICl ^CJB[4[4]NrCl 

1 1 

CJl4[4]NO, C.H4t4]NO, C.H, 

C(^H)^ai4[4)NOf <- C^CJl4l4]NO, — ^H—CJH» 

^CJFl4[4]NO, ^C,H4[4]N0, ^C.H. 


Pararosaniline is produced by oxidising a mixture of aniline and 
p-toluidine by arsenic acid, or nitrobenzene (p. 533). The reaction 
may be supposed to take place by the primary oxidation of a molecule 
of p-toluidine to methylene-quinone imine, or p-aminobenzaldehyde. 
This then condenses with 2 molecules of aniline to p-Ieucoaniline or 
p.p^p'-triamino-triphenylmethane (p. 627), from which, finally, 
rosaniline is formed by oxidation. In the “new fuchsine process” 
(Homolka) the preparation of pararosaniline starts from aniline and 
formaldehyde. The Schiff’s base first formed is converted by heating 
with aniline and aniline hydrochloride into p,p'-diamino-diphenyl- 
methane, which, on treatment with aniline in the presence of an 
oxidising agent, is converted into parafuchsine: 

HCHO + -» CH,=N CJI» + H,N-C.H.-> 


H. C JH, • CH, • Cai4 • NH, 


Oxidation 


(HiN—CaHi—),C==C6 H^NHiC1. 

On the small scale, the most convenient way of oxidising aniline and p-toluidine 
to pararosaniline is to use mercuric chloride {Goldberg^ Ber. 24, 3552). An inter¬ 
esting method of making pararosaniline is to heat aniline with carbon tetrachloride 
to 230^, when the latter furnishes the linking carbon atom. If iodoform is used, 
the hydriodide of pararosaniline is formed. 

Pararosaniline is also formed by the reduction of p,p^,p'-trinitro-triphen^l- 
carbinol (see above), by heating p.p',p'-nitro-diammo-tnphenylmethane with 
ferrous emoride {Fischer^ Ber. 15, 678). Triamino-triphenyl-carbinol can also 
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be made by reduction of »-nitro-diamino-triphenylmetliaiie with zinc dust. In 
this case the diamino-dipnenyl-methane-phenylhydroxylamin^ (C 6 H 4 NHj)jCH • 
CeH 4 *NHOH, rearranges as soon as it is formed (Prudhomwef C.r. 121, 891) ; see 
also the action of sodium hydroxide on nitro-diamino-triphenylmethane {Priul- 
homme. Bull. soc. ch. [3], 17, 643). It can also be made from formaldehyde, 
aniline, and phenylhydroxylamine (Ger. Pat. 105,198), V)y heating p-diamino- 
diphenylmethane with an oxidising agent {Gram, Ber. 25, 302), by heating p- 
nitrobenzalchloride with aniline, and by heating aurine to 120° with ammonium 
hydroxide (Dale, Ber. 10, 1016, 1^123). 

Nitrous acid converts pararosaniline into aurine. If the diazonium chloride 
or pararosaniline is acted upon by copper powder, triphenyl-carbinol is formed. 
(Fischer, Ber. 26, 2225). Concentrated hydriodic acid at 180-200° converts 
it into aniline and p-toluidine. Evidence in favour of the para position of the 
two amino-groups is furnished by the conversion of pararosaniline into p,p'- 
diamino-benzopnenone by boiling with hydrochloric acid. This compound is also 
obtained from p-diamino-triphenylmethane, the condensation product of benz- 
aldehyde and aniline. Paraleucoaniline, the reduction product of pararosaniline, is 
form^ by the reduction of p,p',p*'-nitro-diamino-tripheuylmethane. The para 
position of the three groups m this compound is proved by the fact that it can be 
obtained by the same condensation reaction between p-nitrobenzaldehyde and 
aniline. 

The salts of rosaniline give a deeper blue shade than those of pararosaniline. 

Rosaniline sulphonic acid, acidfuchsine, or fuchsine S. is produced by the action 
of fuming sulphuric acid on rosaniline at 120°. For nuclear subst ituted f achsines, 
see Finger, J. pr. [2], 79 492. 


Alkylated Pararosanilines 

The introduction of methyl groups into the amino groups of para¬ 
rosaniline results in the formation of violet dyes, such as methyl 
violet. The violet colour takes on a more bluish tinge as the number 
of methyl groups is increased. These dyes can also be obtained by 
oxidation of dimethylaniline. The methyl violets are reduced to 
leuco-compounds by sodium hydrosulphite, or by heating with 
ammonium sulphide to 120® (Fischer, J. pr. 79, 662). Boiling hydro¬ 
chloric acid resolves then into dimethylaniline and methylated p- 
diamino-benzophenones (JiVickelhaus, Ber. 19, 108). In addition to 
their use for dyeing silk, wool, and mordanted cotton, they are used 
in the manufacture of ink, and in medicine as disinfectants. 

Hezamethyl-pararosaniline, crystal violet, [(CH 3 ) 2 N.C 6 H 4 ] 2 C 
CcH 4 :N(CH 3 ) 2 C 1 , differs from the lower homologues by the great 
ease with which it crystallises. It is one of the chief constituents of 
methyl violet. It is obtained (1) by the condensation of p,p'-tetra- 
methyl-diamino-benzophenone and dimethylaniline hydrochloride in 
the presence of dehydrating agents: 

CO[C4H4l4]N(CH,)jh 4- C«H»N(CH,),HC1 » CwHjjN,-(CH4).C1 + H,0. 


(f) By heating dimethylaniline with carbonyl chloride, and aluminium or zinc 
chlorides (Ger. Pat. 29,943). Formic acid, ethyl formate, ethyl chlorocarbonato, 
perchloromethyl mercaptan, etc^ will act in the same way as the carbonyl chloride 
m this reaction (Wickelhaus, Ber. 19, 109). (S) By oxidation of p,p'-tetra- 

methyl-diaminodiphenylmethane with dimethylaniline. (4) By heating its 
chloro- or iodo-methylate to 110-120®. (5) By oxidation of its leuco-base. 

p,p',p*'-Hexamethyl-triamino-triphenylmethane, leuco-crystal violet, CH- 
[C;iH4r4]N(CHi)*]i. m.p. 173®, is obtained by the reduction of crystal violet, by 
the condensation oi ethvl orthoformate and dimethylaniline with zinc chloride, 
by condensation of p,p-tetramethyl-diamino-diphenyl carbinol with dimethyl- 
aniline, and by the condensation of formamide chloride with dimethylaniline 
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when tetramethyl-diamino-benzhydrylamine (see p. 513) may be formed as an 
intermediate product (Ger. Pat. 105,198). 

;^p',p'^-Hexamethyl-triamino-tripnenyl-carbinol, crystal violet leuco-hydrate, 
C(()H)[C«H 4 [ 4 ]N(CHj)s]i, m.p. 195®, is obtained by the condensation of p- 
dimethyl-amino-phenyl magnesium bromide with p.p'-tetramethyl-diamino- 
benzophenone (Ehrlich, Ber. 36, 4297). For the peroromide, see Rosenheim, 
Ber. 36, 753. 

Like the introduction of methyl groups into the amino groups of pararosaniline, 
substitution of nuclear hydrogen by methyl deepens the colour. For homologues 
of crystal violet, and their characteristics as dyes, see Rasstrw, J. pr. [ 2 ], 85, 497. 

Methyl violet is a mixture of hexamethyl-pararosaniline with 
lower methylated pararosanilines {Wickelhaus, Ber. 19, 107). It is 
produced by the oxidation of dimethylaniline either alone, or mixed 
with monomethylaniline, by iodine, chloranil, or copper sulphate or 
chloride. If copper chloride is used it is advisable to add acetic acid 
or phenol. 

Pentamethyl-violet, Ci 9 Hi>N 3 (CH 8 ) 5 HC 1 , is obtained by oxidation of 
pentamethyl-triamino-triphenylmethane [ (CH 8 ) 2 N CeHiJjCH • C 6 H 4 f 4 ] NH • CHa, 
m.p. 116®, which can bo obtained by reduction of commercial methyl violet, a 
mixture of penta- and hexamethyl violet, through the acetyl derivative. This 
gives, on oxidation, a green dye (Fischer, Ber. 16, 2906). 

Tetramethyl violet is obtained by the oxidation of p,p',p''-amino-tetramethyl- 
diamino-triphenylmethane, N’H. 2 f 4 ]C«H 4 CHlCftH 4 [ 4 ]N(CHs) 2 l 2 , m.p. 152®. 
which has been obtaiinxl by the reduction of p-nitromalachite green (p. 533), ana 
whose acetyl derivative, like that of pentiuiiethyl-paralcucoaniline (see above) 
gives a green dye on oxidation. 

yCJl4l4]N(CH,)2 

Methyl green, Cl(CH 3 )aN [4] C 6 H 4 C<^ , is produced by the 

^C6H4f4]=-N(CH3)2Cl 

action of methyl chloride on an alcoholic solution of methyl violet warmed to 40®, 
with gradual addition of caustic soda. 

Alkylated Rosanilines 

If rosaniline is heated with methyl iodide, methyl chloride, ethyl 
iodide, or ethyl chloride, and methyl or ethyl alcohol, three hydrogen 
atoms of the amino-groups are replaced by methyl or ethyl radicals. 
The methyl base yields reddish-violet salts, whilst the ethyl base 
gives pure violet salts, known as Hofmann^s violet and as dahlia. 
These are difficultly soluble in water, but dissolve readily in alcohol. 

The violet dyes, by taking up further methyl or ethyl groups, give 
tetra-alkylated rosaniline iodides which will still add on a molecule of 
methyl or ethyl iodide forming iodine green, the iodomethylate of 
tetramethyl-rosaniline iodide, CjoHi6(CH8)N8l-CH«I -f- HaO (Miller^ 
Ber. 28, 1008). Both iodine green and methyl green have been 
largely replaced in industry. Both types of dye possess, however, a 
certain theoretical interest. They contain an amino-group which is 
fully alkylated, and therefore coordinated. This amino-group can no 
longer act as an auxochrome. In consequence, the violet colour of 
methyl violet is displaced to the green of malachite green. 

Another green rosaniline dye, aldehyde green (Usehe, 3. pr. 92, 337), is ob¬ 
tained by heating rosaniline with aldehyde and sulphuric acid, and by further 
action of sodium hypK>sulphite. For its constitution, see Miller, Ber. 24, 1700; 
Ber. 29, 60). 
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Phenylated Pararosanilines 

When diphenylamine is heated with carbon chloride, CiCle, or oxalic acid to 
120^, diphenylamine blue is obtained. This substance nas also been obtained by 
fusing ^rarosaniline with aniline in the presence of benzoic acid at 180® {Hans^ 
dOrfeTj^er. 23. 1964). By heating trianisyl carbinol (p. 642) with aniline and 
benzoic acid, tne benzoate of the pure colour base is formed. The latter, called 
dianilino-fuchso-anil, (C 6 H 6 NH-C 6 H 4 )*C:C 6 H 4 :NC®H 6 , is a black powder^ m.p. 
238®, which gives the colourless p,p',p*'-trianilino-triphenyl-carbinoiby taking up 
water, and trianilino-triphenylmethane on reduction {Baeyer, Her. 37^ 2870). 
At present, only the sodium salts of the mono- and di-sulphonic acids of diphenyl- 
amine blue are used in industry under the names of alkali blue and water blue 
(cotton blue), respectively. 

When diphenyJmethylamine, (C 6 H 6 ) 2 N -CHs, is acted upon by ethyl perchloro- 
carbonate, Cl • CO 2 • Cla, trimethyl-triphenyl-pararosaniline, C (OH) [ C«H 4 N - 
(CH8)C6H6]8, is formed (Ger. Pat. 34,607). Similarly, when triphenylamine is 
treated with carbonyl chloride, the hydrochloride of hexaphenyl-pararosaniline, 
C(0H)[C6H4‘N(C«H6)2]8, is formed (Heydrich^ Ber. 19, R 758). When carba- 
zol or diphenylene-imide is heated with oxalic acid, tricarbazol-carbinol, C(OH)- 
(CuHtNH)^, is formed {Bamberger^ Ber. 20, 1904). 

Phenylated Rosanilines 

These are obtained by heating rosaniline hydrochloride with aniline or the 
toluidines, or the free base with aniline and some benzoic acid. The hydrochlo¬ 
ride of triphenyl-rosaniline, C 2 oHi 6 (CeH 6 )sN 8 *HCl, appeared in commerce as ani¬ 
line blue (spirit blue). It is a bluish-brown powder with a coppery lustre, soluble 
in alcohol, but not in water. To make it soluble in water, sulphonic salts are 
made, various shades of blue being produced according to the extent of sul- 
phoiiation. These dyes are known as soluble blue. At present they have been 
replaced by other dyes. When triphenyl-rosaniline is dry distilled, diphenyl¬ 
amine is formed. 

By converting rosaniline, through the tri-diazonium compound, into the tri¬ 
hydrazine derivative, roshydrazine, (C 6 H 4 NH*NH 2 ) 2 C(OH)CflH 8 (CH 8 )NHNH 2 , 
is formed, from which red and blue dyes have been obtained by condensation with 
aldehydes and ketones. 

Further hexamethyl-triamino-triphenyl carbinols have been prepared by the 
reaction of ethyl dimethyl-aminobenzoatc with p-dimothyl-aminophenyl magne¬ 
sium iodide, (CH 8 ) 2 NCflH 4 MgI {Baeyer, Ann. 354, 200). 

(d) Phenol Derivatives of the Triphenylmethanes 

The phenol derivatives of the triphenylmethanes are produced (1) 
from the corresponding amino compounds, through the diazonium 
salts; (S) by condensations similar to those entered into by the 
amino-compounds, if phenols are substituted for anilines; (S) by 
reduction of phenol-carbinols, into which they are converted on 
oxidation. 

MONOHYDROXY-TRIPHENYLMETHANES. o-Hydroxy-triphenylmeth- 
ane, (C«H8)2CH’C«H4[2]OH, m.p. 124®, is obtained from o-aminotriphenyl- 
methane {Fischer, Ann. 241, 367) or by reduction of the carbinol. m-Hydroxy- 
triphenylmethane, m.j). 106® {Baeyer, Ann. 354, 171). p-Hydroxy-triphenyl- 
methane, m.p. 110®, is obtained by the action of diphenyl-chloromethane on 
pjhenol, and transposition of the 0-ether first produced with the aid of zinc chlo¬ 
ride or hydrochloric acid (van Alphen, Rec. 46, 799). It dissolves readily in 60% 
acetic acid giving a yellow solution, which is perhaps duo to the presence of a 
quinoid system {Anderson, Am. 50, 203). 

o-Cresyl-diphenylmethane, (C8Hs)2CHCeH8[3]CH8[4]OH, m.p. 100®, is ob¬ 
tained from diphenyl carbinol, o-cresol, and stannic chloride {Bistrzyeki, Ber. 35, 
3137; 36, 3561). By condensation of sallcylaldehydo and anisaldehyde with 
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aniline sulphate, or dimethylaniline and zinc chloride, hydroxy-diamino-tri- 
phenylmethane is obtained {Fischer^ Ber. 14, 2522; Renouf, Ber. Id, 3107). ^ 

The di-and tri-hydroxy-triphenylmethanes give di- and tri-phenol 
carbinols on oxidation. These are usually dyes. Carbinols in which 
two benzene nuclei are hydroxylated, and which correspond to the 
malachite green compounds, are called henzeins (p. 540); the corre¬ 
sponding dihydroxy-triphenylmethanes are leucobenzeins. Those 
carbinols hydroxylated in three benzene nuclei are called aurines or 
rosolic acids, and the corresponding trihydroxy-triphenylmethanes 
leucaurines or leucorosolic acids. 

p,p'-Dihydroxy-triphenylmethaiie, leucobenzein, or leucobenzaurine, C^HsCH- 
(C6n4[4]OH)2, m.p. 161®, is obtained (1) from '-diamino-triphenylmethane 
(p. 526) {Fischer^ Ann. 206, 153); (2) by condensation of benzaldehyde and phe¬ 
nol with sulphuric acid (Russanou\ Her. 22,1944); (3) by reduction of benzaurine 
(Doehncr^ Ann. 217, 230). Dihydroxy-dimethyl-triphenylmethane, CeH^CH- 
[C 6 H 8 (OTI)CHs] 2 , m.p. 170® (Schroeter, Ann. 257, 70). Phenyl-dithymol- 
methane, m.p. 166®. 

For the condensation of ?M-nitrobenzaldehyde with phenols, see Bertini, Gazz. 
21, 167). 

p,p',p''-Trihydro]ty-triphenylmethane, leucaurine, CH(C6H4[4]OH)g, is ob¬ 
tained by the reduction of aurine, its carbinol-anhydride, with zinc dust and caus¬ 
tic soda or acetic acid. Colourless prisms, which turn red in air (Dale, Ann. 166, 
286; Zulkowsky. Ann. 194, 136; 202, 198). Triacetate, m.p. 138® (Caro, Ber. 
11, 1117). p,p ,p''-Trianisylmethane, (CH 30 [ 4 ]C*H 4 )iCH, m.p. 45-^7®^ is ob- 
tnined from anisaldehyde and anisole with a mixture of acetic and sulphuric acids 
(Haeyer, Ber. 35, 1197). 

Leucorosolic acid, (HOI4]C6Fr4)2CH*C«H8[4]OH[3]CH8, is produced in the 
reduction or rosolic acid. Triacetate, m.p. 148® (Graebe, Ann. 179, 198). 

(e) Phenol Derivatives of Triphenyl-carbinol 

These substances are produced by the oxidation of the hydroxy- 
triphenylmethanes or their ethers, and they can also be obtained by 
the direct, synthetic, general methods for the triaryl-carbinols (p. 
528). 

The p-hydroxylated triaryl-carbinols split off water more or less 
readily, and pass into methylene-quinones or diaryl-quinomethanes 
(see fuchsone, p. 531). By heating p-hydroxytriphenyl-carbinol, 
diphenyl-quinomethane is formed. This substance may be regarded 
as the parent substance of the triphenylmethane series of dyes: 

(CJI.),C(0H)C,H4(4K)H — (C«H.),C:CJl4:0. 

p-Hydroxy-triphenylcarbiriol Diphenyl-quinomethano, 

fuchsone 

A. Triphenyl-carbinols Hydroxylated in One Benzene Nucleus 

o-Hydroxy-triphenyl-carbinol, m.p. 140®, is obtained from ethyl salicylate and 
phenyl magnesium bromide. When distilled in vacuo it gives phenyl-xanthone. 
m-Hydrozy-triphenyl-carbinol, m.p. 148® (Baeyer, Ann. 354,167). p-Hydroxy- 
triphenyl-carbinol, two forms, m.p, 139® and 165®^ are obtained from p-hydroxy- 
triphenylacetic acid by splitting off carbon monoxide by means of sulphuric acid. 
The compound can also be obtained from the methyl ether, p-anisyl-diphenyl- 
carbinol, m.p. 84®, which is itself the condensation product of ethyl anisate and 
phenyl magnesium bromide. p-Hydroxy-triphenyl-carbinol, and p-methoxy- 
triphenyl-chloromethane on heating to 200®, split off water and methyl chloride, 
respectively, with formation of diphenyl-quinomethane, or fuchsone, an orange 
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crystalline substance, m.p. 168^. This readily passes into the carbinol again by 
taking up water. In a similar way, diphenyl-dibromo-quinomethane is obtained 
from hydroxy-dibromo-triphenyl-carbinol, and diphenyl-methyl-quinomethane 
from diphenyl-o-cresol-carbinol. Diphenyl-quinomcthane is also formed by the 
condensation of diphenyl-ketene with excess of a ouinone, by removing carbon 
dioxide from the jS-lactones first formed (p. 555). 2,5-Dihydroxy-triphenyl- 
carbinol, m.p. 136*, is obtained from ethyl gentisate and phenyl magnesium 
bromide. 3,4-Dihydroxy-triphenyl-carbinol, obtained by condensation of benzo- 
phenone chloride with catechol in the presence of sulphuric acid, gives 3-hydroxy- 
fuchsone on heating, water being eliminated. The last-mentioned compound 
melts at 123* (Baeyer, Ann. 372, 82). 

For the methyl ethers of hydroxy-triphenyl-carbinols, see Lund, Am. 49,1346. 


jB. Benzeins 


These are produced by the condensation of beiizotrichlonde with mono- and 
polyhydric phenols in which the p-position to the hydroxyl is not substituted, 
e,g,, o- and m-cresol, resorcinol, and catechol, but not p-cresol, hydroquinone, 
etc. (Doebner, Ann. 257, 56), which if they react at all, give only very slight yields 
(Kehrmann, Ann. 372, 342). Aromatic hydroxy-compounds will condense with 
benzyl alcohol in the presence of concentrated sulphuric acid at 140 -150®, or of 
chloroform, carbon tetrachloride, iodoform, or zinc chloride, to give benzeins 
(Sen, Am. 47, 1079; J. Indian Chem. Soc. 1, 303). They are also formed by 
oxidation of their leuco-compounds, the corresponding hydroxy-triphenyl- 
methanes. See also p. 539. 

The benzeins are usually red substances, with a metallic lustre, which dissolve 
when boiled with sodium sulphite solution, and are reprecipitated by the addition 
of acids. They dissolve in alkalis giving a red or violet colour with formation 
of quinoid salts, such as O: C«H 4 : C (C^Hj)C 8 H 40 Na. These are decomposed even 
by the carbon dioxide of the air, and with large quantities of alkalis lose their 
colour, giving the carbinols. 

p p'-Dihydroxy-triphenyl-carbinol, phenolbenzein, or benzaurine, CeHsCCOH)- 
(<JeH 4 * 011 ) 2 , is produced (/) by the oxidation of p-dihydroxy-triphenyl-mothane, 
into which it is reconverted by reduction; (2) by condensation of benzotrichloride 
with phenol, analogous to the formation of malachite green (Doehner, Ann. 217, 
223). It is a brick-red, crystalline powder. It decomposes on fusion with alka¬ 
lis, giving first benzene and p^p'-dihydroxy-benzophenone, and then p-hydroxy- 
benzoic acid and phenol. Diacetate, m.p. 119°; dimethyl ether, phenyl-p,p'- 
dianisyl-carbinol, m.p. 77®, is obtained from phenyl-dianisyl-methane, the con¬ 
densation product of Denzaldehyde and anisole. It gives benzaurine when boiled 
with dilute sulphuric'acid (Baeyer, Ber. 36, 2791). Benzaurine may also be re¬ 
garded as a molecular compound of p-hvdroxyfuchsone and water (Pfeiffer, Ber. 
56, 98). It forms a crystalline, unstable compound with sodium bisulphite, and 
readily reacts with bromine forming tetrabromo-benzaurine ( Meyer, Ber. 57, 591). 

p.p'-Dihydroxy-wi.w'-dimethyl-triphenyl-carbinol, o-cresol-benzein, CeH*- 
C^H)[C«Hi[31CHft4]OH]2, m.p. 220-225° (Schroeler, Ann. 257,69), can be re- 
gardea as a molecular compound of dimethyl-p-hydroxyfuchsone with water 
(Meyer, Ber. 57, 1360; Orr^rff, Am. 49, 992). Further dihydrozy-triphenyl- 
carbinois have been obtained from the corresponding dihydroxy-benzophenones 
by the action of phenyl magnesium bromide (Baeyer, Ann. 354, 177). 

The o,o'-dihydroi^-triphenyl-carbinols are only known in the form of their 

< C6H4v 

Those com- 

C«H4*^ 

pounds which are substituted with OH or NH 2 in the p-position to the central 
carbon atom are of special interest, as they pass spontaneously into the quinoid 

y[l]CeH4 [61v. ^ 

compounds, phenylfluorone, yO , and phenylfluorime, 

^[IJCeHi / [6]'^ 

>cja:4v \ i4]«o 

water. The last two compounds are the parent 
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substances of the fluorescein and rhodamine dyes (p. 550). Their solutions in 
alkalies or acids show strong fluorescence. 

Phenylfluorone, ^ red needles, m.p. 


207®, is obtained 


from 4-aminophenylfluorone by elimination of the amino-group, and by condensa¬ 
tion of 4-methoxyxanthone with phenyl magnesium bromide, and hydrolysing off 
the methoxy-group with aluminium chloride. It is insoluble in alkalis, but dis¬ 
solves in acids. With alcoholic potash the solution loses its colour with formation 
of the carbinol (Kehrmann, Ann. 372, 293). 3- and 5-Hydroxy-phcnyl-xanthy- 
drol, m.p. 170® and 162®, respectively, correspond to 3-and 5-methoxy-xanthones. 

< 6Si*(OH)v 

yO, 

forms brick-red crystals, m.p. 333®. It is obtained by the action of water on the 
reaction product of resorcinol and benzotrichloride, and by the action of zinc 
chloride on benzoic acid and resorcinol (Cohn, J. pr. [2], 48, 387; Kehrmann, 
Ber. 42, 873). It is also obtained by the action of concentrated sulphuric acid on 
benzyl alcohol and resorcinol at 140-150® (Sen, Am. 47, 1079). Dinitro-resorci- 
nol-benzein, see Cohn, Ber. 28, 2064. 

eie-Resorcinol-benzein, 2,2 '-^ihydroxy-phenyl-xanthydrol, 

^eH,(OH)v 

CeH»-C(OH)< )0, is obtained from 2,2'-dihydroxy-xanthone and 

\C.H3(0H)/ 

phenyl ma^esium bromide (Baeyer, Ann. 372, 132). . 

Hydroquinone-benzein, 3,3'-dihydroxy-phenyl-xanthydrol, is obtained from 
3,3'-dimethoxy-xanthone and phenyl magnesium bromide, followed by hydroly¬ 
sis of the product (Baeyer, Ann. 372, 141), or by the condensation of benzalde- 
hyde and hydroquinone with concentrated sulphuric acid, and oxidation of the 
xanthene derivative with ferric chloride (Kehrmann, Ann. 372, 301). 
Hydro^-hydroquinone-benzein, phenyl-trihydroxy-fluorone. 


Hydro^-hydroqumone- 
yj, is 


is obtained by the action of benzaldehyde on hydroxy- 

hydroquinone in the presence of sulphuric acid (Baeyer, Ber. 37, 1171). 

Xylo-hydroquinone-benzeins have been obtained by the condensation of xylo- 
hydroquinones with benzaldehyde in the presence of the corresponding quinones 
(Kehrmann, Ber. 45, 3346). Thymol-benzein (Oradorff, Am. 49, 818). Pyro- 
gallol-benzein, etc. (Sen, Am. 47, 1079; J. Indian Chem. Soc. 1, 303). 

C. Amtnoxy-^riphenyl’-carbinols 

< eH3(NH,). 

^O, m.p. 305®, dark-red nee- 

eHj(:0)—^ 

dies, is obtained in the form of its acetyl derivative by the condensation of N- 
acetyl-m-aminophcnol with benzotrichloride, together with 4,4'-diacetamino- 
phenylxanthydrol, m.p. 248® (Kehrmann, Ann. 372, 322), 

ROSAMINES. Rosamines are alkyl compounds of 4-aminophenyl-fluorime 
(see below), which are obtained by the action of monoalkyl- and dialkyl-w- 
aminophenols on benzotrichloride. Although the benzeins formed with the 
phenols are only weak dyes, and their alkali salts are decomposed by atmos¬ 
pheric carbon dioxide, the hydrochlorides of the rosamines are red or violet dyes, 
showing great similarities to their closely-related rhodamines (p. 550) but with a 
more bluish-tinge and a fluorescence extending more into the red (Neumann, 
Ber. 22, 3001). The rosamines are also obtained by heating resorcinol-benzein 
with dimethyl- or diethyl-amine (see also pyronin). 

X3H,(NH,)-- 

The simplest rosamine, 4-aminophenyi-fluorime, CeHs'C^ yO, 

^^6Eri( • NHaCl)^ 

is obtained in the form of its red crystalline hydrochloride from 4,4 '-diacetamino- 
phenyl-xanthydrol (see above) by boiling with hydrochloric acid (Kehrmann, 
Ajtm. 372,316). 
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Red and blue mordant dyes are obtained by the condensation of protocatechuic 
aldehyde with dialkyl-m-amino-phenols and with dialkyianilines: proto-red 
(leuco-compound, (HO) 2 C«HaCHfC«H|(OH)N(CHa) 2 ] 2 ), and proto-blue (Icuco- 
compound, (HO)2C«HaCH[C6H4N(CHa)a]2) are examples (Liebermann, Ber. 36, 
2913). 


D. Aurtnes and Rosalie Acids 


These are the oxygen-compounds corresponding to the rosanilines. 
The free p,p',p*'-trihydroxytriphenylcarbinols are not known, but 
when separated from their salts they undergo an intramolecular an¬ 
hydride or quinone formation. 

These carbinol anhydrides or methylene-quinones (fuchsone, see p. 
631) are yellow, and their alkali salts give red aqueous solutions. 
They are only incompletely fixed on plant fibres, and are only used 
in the form of their lakes in the paper industiy. 

Aurine. pararosolic acid, yellow corrallin, (HO[4]C6H4)2C:C6H4[41:0. is ob¬ 
tained (f) by the decomposition of the diazonium salt of pararosaniline (p. 535) 
with water (Fischer^ Ann. 194, 301); (^) by condensation of p-dihydroxy-benzo- 
phenone chloride with phenol (Caro, Ber. 11.1350); (3) by condensation of phe¬ 
nol and formic acid with zinc chloride (Nencki, J. pr. [2], 23, 549); (4) by heat¬ 
ing phenol (1 part), and anhydrous oxalic acid (*/8 part) with sulphuric acid 
C/t part) to 130-150® (Zulkowsky, Ann. 202, 185); (5) from carbon tetrachloride 
and phenol in the presence of zinc chloride (Gomberg, Am. 47, 198). For the by¬ 
products of the preparation of aurine by method 4t and their separation, see 
Zulkowsky, Ann. 194, 123; Dale, Ann. 196, 77; Zulkowsky^ Mo. 16, 358). 

Aurine forms dark-red crystals with a metallic lustre. It dissolves in alcohol 
and glacial acetic acid giving yellowish-red solutions, and decomposes when 
heated above 220®. It dissolves in alkalis with a magenta colour. It forms read¬ 
ily soluble, colourless compounds with alkali bisulphites; these are decomposed 
by acids or alkalis. With hydrogen chloride, aurine forms compounds which are 
decomposed by water. On reduction it is converted into p,p',p*'-trihydroxy- 
triphenylmethane, or leucaurine (p. 539). On heating with water to 250® it 
breaks down into p,p'-dihydroxy-benzophenone and phenol. 

When heated with aqueous ammonia to 150®, aunne is converted into para¬ 
rosaniline. As an intermediate product, in which only one or two of the hydroxyl 

f roups have been replaced by amino-groups, paeonin or red corallin is formed, 
n a similar way, with aniline, triphenyl-pararosaniline is formed, with azulin as 
an intermediate product. For isomeric acetylaurines, see Herzig^ Mo. 17, 191. 
Dimethylaurine, m.p. 183-186®, is readily formed by methylation of aurine with 
diazomethane in ethereal suspension (Herzig, Mo. 29, 653). 

p, 2 ?',p''-Trianisyl-carbinol, (CH|0[4]CeH4)*C0H, m.p. 84®, colourless crys¬ 
tals, is formed by the action of lead dioxide on p,p ',p^-trianisyl-methane (p. 539). 
Its OH group is even more reactive than that of tri phenyl-carbinol (p. 525). It 
reacts with hydrocyanic acid to give trianisyl-acetonitrile. 
and OjO'.p-Trianisyl-carbinol, m.p. 181®, 119®, and 110®, respectively, have been 
prepared by the action of o-, m-, and p-methoxy ben zoic esters on the magnesium 
compoimds of o- and m-iodoanisole (Baeyer, Ber. 35, 3024). 
3,3',3'-TTimethyl-aurine is obtained from o-cresol and CCU by method 5. 
Roaolic acid, the internal anhydride of p,p',p^-trihydroxy-diphenyl-w-tolyl- 
carbinol, C2oHi60s. Rosolic acid is obtained by similar methods to aurine, from 
rosaniline by boiling the diazonium chloride (Oraebe, Ann. 179,192), and by oxida¬ 
tion of a mixture of phenol and cresol with arsenic acid and sulphuric acid, when 
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the linking methane carbon atom is furnished by the methyl group of the cresoL 
Rosolic acid is reduced to the leucorosoiic acid by warming with alcohol and zinc 
dust, and it can be re-formed from the leuco-compound by oxidation (Caro, Ber. 
26 254). 

Trihydroxy-aurine, Ci 9 Hi 406 , is obtained from catechol and formic acid with 
zinc chloride (Caro, Ber. 26, 255). Resaurine, Ci9Hi406, is prepared in the same 
way from resorcinol. Orcin-aurine, CaiHigOs (Nencki, J. pr. [2], 25, 277; 
Schwarz, Ber. 13, 546). o-Amino-aurines, see Liehermann. Ber. 40, 3588. 

Eupittonic acid, hexamethoxy-aurino, Ci 9 H 80 s( 0 CH*) 6 , obtained by the action 
of air on an alkaline solution of a mixture of pyrogallol dimethyl ether, CeHi- 
(0H)(0CH|)2, and methyl-pyrogallol dimethyl ether, CHi'CeH*(OH)(OCHi)j. 
It is an aurine, containing 6 methyl groups; forms orange-yellow crystals, melting 
at about 200® with decomp. It dissolves in alkalis with a deep blue colour, forming 
salts, which can be precipitated by adding excess alkali,(Hofjnann, Ber. 12, 2216). 
Reichenbach (1835) observed the formation of the blue barium salt when fractions 
of beechwood tar were allowed to stand with baryta water, and called it pittacal 
(from TTirra, tar, and x^XXos, beautiful). When heated with ammonia, eupittonic 
acid gives a hexarneihoxy-pararosaniline, like aurine. 

Tetra- and hezamethoxy-triphenyl-carbinol, see Kauffmann, Ber. 41, 4423. 


(f) and (g) Alcohols and Aldehydes of Triphenylmethane 

Few of these are known. Phenol-phthalol, (H0C6H4)2CHC6H4[21CIl30H, 
m.p. 190®, is obtained by the action of sodium amalgam on phenolphthalein 
(Baeyer, Ann. 202, 87). 

p-Dipnenylmethyl-benzaldehyde, (C6Hfi)2CH[4]C«H4CHO. b.p. 190-195® (46 
mm.), is produced by the condensation of terephthalaldehyde and benzene with 
concentrated sulphuric acid (Oppenheimer, Ber. 19, 2029). Dialdehydes have 
been prepared by the condensation of benzaldehyde, m- and p-nitrobenzaldehyde 
with vanillin and zinc chloride. Benzal-divaniUin, C 6 H 6 CIi[C#H 2 (OH)(OCH 8 )- 
CHOI 2 , m.p. 222®; 7n- and p-nitrobenzal-divanillin, m.p. 266® and 276® (de¬ 
comp.) (Rogow, Ber. 36, 3975). 


(h) Carboxyl Derivatives of Triphenylmethane 

TRIPHENYLMETHANE CARBOXYLIC ACIDS are prepared (I) by reduc- 

tion of triphenylcarbinol carboxylic acids, and (2) from their nitriles, which are 
obtained by the action of aluminium chloride on cyanobenzal chloride (p .382) 
and benzene. 

Triphenylmethane-o-carboxylic acid (see phthaleins, p. 545), (C 6 H 5 ) 2 CH* 
C 6 ll 4 ( 2 ]COOH, m.p. 162°, is isomeric with triphenylacetic acid (p. 557). It is 
formed by redu(;tion of diphenylphthalide (2 ), the lactone of triphenyl-carbinol-o- 
carboj^lic acid (Baeyer, Ann. 202, 52), and from its nitrile. It is oxidised by 
chromic acid to diphenyl-phthalide. and when heated with barium hydroxide it 
breaks down into carbon dioxide and triphenylmethane. Sulphuric acid converts 

yC»H4v 

it into phenyl-anthrone, C6H6CH<r ">CO. o-Cyano-triphenylmethane, 

(C 6 H 5 ) 2 CH • C 8 H 4 [2]CN, m.p. 89® ( Drory, Ber. 24,2572; preparation, see above). 

pj?'-Tetramethyl-diamino-triphenylmethane-o'^-carbo3^1ic acid, [(CHt) 2 N- 
[4]C6H4]2*CH •C8H4[2]C00H, m.p. 200°, is obtained from tetramethyl-diamino- 
diphenyl-phthalidc (p. 545) (Fischer, Ann. 206, 101). 

Triphenylmethane-p-carboxvlic acid, m.p. 161°, is obtained by heating p- 
carboxy-triphenylacetic acid above its melting point (Bistrzyeki, Ber. 26, 3079). 
Methyl-triphenylmethane-carboxylic acids, see Hemilian, Ber. 16, 2364; 19, 
3064: Gresly, Ann. 234, 242; Bauer, Mo. 53/54, 187. 

Tripheny]methane-2,2'-dicarbozylic aci^m.p. 214-215®, has been obtained 
by oxidation of phenyl-o-tolyl-phthalin (Weiss, Mo. 53/54, 187). Triphenvl- 
methane-polycarboxylic acids are obtained from triphenylmethane, oxalyl chlo¬ 
ride and aluminium chloride (Ldehemiann, Ber. 45, 1186). 

Hydroxy-triphenylmethane-carboxylic acids are obtained by the reduction of 
hydroxy-triphenylcarbinol carbo^lic acids. From the lactones of the corre¬ 
sponding hydroxy-triphenylcarbinol-o-carboxylic acids (p. 545), p-hydroxy- 
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tripbenylmefbaiie-o'-carboxylic acid, 


HOI4]C,H«. 


CJI, 




1 H-C«H4[2]C00H, m.p. 


210® {Peckmaim, Ber. 13, 1616) and p,p'-dihydroxy-triphenylmethane-o*'- 
carboxylic acid, phihalin^ [HOl4]CeH4]2CH*C«H4[2ICOOH, ra.p. 225® {Baeyer. 
Ann. 202, 36, 153), are obtained. When treated with concentrated sulphuric acid 
they are convertea into the corresponding hydroxy-phenylanthrone (q-v.). 

Hydrolluoranic acid, C 4 H 4 < ^C«H 4 l 2 ]''^ , m.p. 226-228®, is obtained 

^(21COOH 

in the reduction of fluorane, and tribromofiuorane (p. 548). When distilled with 
lime, xanihone is formed, together with benzene. When distilled with baryta or 
soda-lime diphenylene-pnenylmethane (^.v.) is formed {Meyer^ Ber. 25, 3586). 

Flttorescin, p,p'-dihydroxy-hydrofluorane-carboxylic acid, is a reduction prod¬ 
uct of fluorescein (p. 548). 

p,p'-Dihydroxy-triphenylmethane-m,w'-dicarboxylic acid is produced by the 
condensation of benzaldehyde and salicylic acid by means of gaseous hydrogen 
chloride {Madsen^ Ar. Pliarm. 247, 65). 

(i) Carboxyl Derivatives of Triphenyl-Carbinol. Phthalide 

The o-carboxyl-derivatives of this class are particularly important. 
They do not exist in the free state, but split off water, forming lac¬ 
tones, which may be regarded as diphenylated phthalides (see pp. 
375, 524). 

Diphenyl-phthalide, triphenylcarbinol-o-carboxylic lactone, incor- 

, /[l]0=(CaH5)a 

rectly called ^‘phthalophenone” (see p. 524), CeHK \ , 

\[2]COO 

m.p. 115®, is formed {1) by oxidation of triphenylmethane-o-car- 
boxylic acid; {2) in small quantities by the action of mercury di¬ 
phenyl on phthalyl chloride; (3) from phthalyl chloride and benzene 
in the presence of aluminium chloride; {4) by the action of phenyl 
magnesium bromide on phthalic anhydride {Bauer ^ Ber. 38, 240). 
The last two methods serve for the preparation of diphenyl-phthalide, 
which was at first regarded as o-phthalophenone (p. 524) until it was 
recognised to be a lactone, the parent substance of the phthaleins. 

In the third method of preparation of diphenyl-phthalide, the phthalyl chloride 
can be replaced by phthalic anhydride. In this case o-benzoyl-benzoic acid is 
first formed, and is converted into diphenyl-phthalide by the further action of 
benzene and aluminium chloride. The acetyl derivative of a-benzoyl-benzoic acid 
is better for the preparation of diphenyl-phthalide than the acid itself (p. 524) 
(Pechmann, Ber. 14, 1865). 

If diphenyl-phthalide is boiled with alkalis, it is converted into salts of tri- 
phenyl-carbinoi-o-carboxylic acid, and from their solutions, acids regenerate 
diphenyl-phthalide. Triphenyl-carbinol-o-carboxylic acid is reduced by zinc 
dust in alkaline solution to triphenylmethane-o-carboxylic acid. 

A1]CMCA 

Anilide^ CeH 4 < \ , m.p. 189®, and phenythydrazide. 

^[2]CONCflHj 
/[llC=(CeH4), 

\ , m.p. 230® are obtained by boiling diphenyl-phthalide 

^[2] CON • NHCeHs 

with aniline hydrochloride {Fischer^ Ber. 27, 2793) and with phenylhydrazine 
{Meyer^ Ber. 26, 1273), respectively. 

{l]C=(CJI,)a 

Ditibio-diphenyl-phthalide, C*H 4 V \ »is obtained by the action of 

\[2IC^ 



PHTHALEINS 


545 


phosphorus pentasulphide on diphenyl-phthalide {Meyer^ C. 1900, II, 575). 

Nitration of diphenyl-phthalide gives two dinitro-diphenyl-phthalides, from 
which two diamino-diphenyl-phthalides may be obtained {Baeyer, Ann. 202, 66). 

/[l]C:[CJi4[41N(CH,)jJ, 

'-Tetramethyl-diamino-diphenyl-phthalide, CeH^ \ , 

^[2] COO 

m.p. 190®, is obtained by condensation of phthalic anhydride and dimethyl- 
aniline with zinc chloride. If phthalyl chloride is used in place of the anhydride, 
a second compound is also formed, called phthalyl-green; it is a derivative oi 
anthracene, and is used industrially as a substitute for malachite green. Its 
formation is due to the presence of phtliabdene-tetrachloride (p. 385) in phthalyl 
chloride (Haller, C.r., 125, 1153; Bull. soc. ind. Mulhouse, 72, 268). The ester 
of the colourless tetramethyl-diamino-diphenyl-phthalide forms quinoid salts with 
an intensely blue colour when treated with acids. 

Triphenyl-carbinol-?n-carboxylic acid, m.p. 161®, and triphenyl-carbinol-p- 
carboxylic acid, m.p. 200®, are formed by the oxidation of diphenyl-m-tolylmetn- 
ane and diphenyl-p-tolylmethane or diphenyl-p-tolyl-carbinol with chromic acid. 
The latter can also be made by the oxidation of p-diphenylmethyl-benzaldehyde 
(p. 543) and triphenylmethane-p-carboxylic acid (p. 543; HemUian, Ber. 16, 
2369; Fischer, Ber. 26^ SOSi; Bisirzyeki, Ber, S7, 657). 

Phenyl-p-tolylphthahde is obtained from acetyl-o-benzoyl-benzoic acid and 
toluene, benzoyl-o-benzoyl chloride and toluene, toluyl-o-benzoyl chloride and 
benzene with aluminum chloride (Pechmann, Bcr. 14, 1867; Guyot, Bull. [3], 15, 
133). Phenyl-o-tolyl-phthalide, m.p. 120®, is obtained from o-tolyl-magnesium 
bromide and o-bcnzoyl-benzoic acid (TFeiss, Mo. 53/54, 187). Isomeric methy^ 
lated diphenyl-phihaltdes are obtained by oxidation of diphenyl-m- and -p-xylyl- 
methanes (p. 526). Ditolyl-phthalide, m.p. 116® (Haller, C.r. 125, 1153; Lim- 

✓[l]CO *0 

pricht, Ann. 299, 286). Bidiphenylyl-o-phthalide, C 6 H 4 <C 

^[2]C>=(C 

(see Pawlewski, Ber. 28, 513). 


^[2]C==(CeH4-C6H0» 


Carboxyl Derivatives of the Hydroxy4riphenyl-carhinols 

The derivatives of the phthalides with two phenol radicals are of 
particular interest. They are the phthaleins, discovered by Baeyer 
in 1871, and dyes of technical importance belong to this series. Be¬ 
tween diphenyl-phthalide and the phthaleins lie the diphenylphthal- 
ides which are hydroxylated in only one benzene nucleus. 

.[l]C(CaiB)C«H 40 H 

Phenyl-phenolphthalidei C 6 H 4 <; \ , m.p. 167®, is 

\[2]COO 

obtained from o-benzoyl-benzoic acid, phenol, and concentrated 
sulphuric acid (.Baeyer, Aim. 354,171). 

In a similar way the following are obtained: resorcyl-phenyl-phthalide, m.p. 
199®; catechol-phenyl-phthalide, m.p. 161®; hydroquinone-phenyl-phthalide, 
m.p. 247®; pyrogallol-phenyl-phthalide, m.p. 189® (Baeyer, Ann. 372, 91). The 
polyhydroxy-diphenyl-phthalides, if they are p-substituted, dissolve in alkalis 
giving a red solution, the lactone ring being broken and p-quinoid salts formed 
(cf. {menolphthalein). 

The phthaleins are formed by the condensation of phthalic 
anhydride (1 mol.) and phenols (2 mols.) with concentrated sulphuric 
acid, or zinc chloride at 120® (at higher temperatures hydroxy-anthra- 
quinones are chiefly formed) or anhydrous oxalic acid at 115®. 
Phthaleins formed from di- and polyhydric phenols usually lose 
water from two phenolic hydroxyl groups, which are attached to 
Afferent benzene nuclei, forming anhydrides {Baeyer, Ann. 212, 347). 
In ^e case of the condensation of phthalic anhydnde and phenol, the 
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anhydride of o,o'-dihydroxy-diphenyl-phthalide, or fluorane is formed 
in addition to p,p'-dihydro3qr-diphenyI-phthalide, or phenolphthalein. 
These phthalein anhydrides, of which the simplest vs fluorane, contain 
the xanthone ring. 

The free phthaleins are usually colourless, crystalline substances, 
which dissolve in dilute alkalis forming highly coloured solutions. 
Acids, even carbon dioxide, will liberate the phthaleins from their 
alkaline solutions. Addition of concentrated alkali causes the colour 
to disappear, but it returns on dilution with water. 

To show the similarity of the phthaleins to the aurines and ros- 
anilincs, as far as formula is concerned, it is assumed that the free, 
colourless phthaleins contain a lactone ring, but in the coloured solu¬ 
tions of their alkali salts the lactone ring disappears, and the methane 
carbon atom and an oxygen atom form a quinone structure with one 
of riie benzene nuclei: 


Free phenolphthalein 


0=CeH4v 

CeH4COOH 

HO-CeHi/ 

Phenolphthalein in coloured alkali salts 


In agreement with this view, w,?n'-dihydroxy-ditolyl-phthalide gives a colour¬ 
less solution with alkalis, because the non-existence of m-quinones does not allow 
of an analogous formulation for them. Also, in confirmation of the quinoid 
formula, there are the reactions in which phenolphthalein and its derivatives 
couple with diazonium salts (Schestakou\ Ber. 47, 331; Oddo, Ber, 47, 967; Con- 
sonnoy Gazz. 51, I, 60; Bassett, J. 123, 1291). It is interesting to note that 
phenolphthalein, when treated with a Grignard reagent, shows no evolution of 
methane, and other formulae have been put forward to explain this fact (Oddo. 
Gazz. 42, II, 204). By the addition of a considerable excess of alkali the red 
solution of pnenolphthalein is decolourised with formation of salts of the carbinol, 
Na02CC6H4*C(0H) (C 6 H 40 Na )2 {Green, Proc. 20, 50). It is noteworthy that 
acylation and alkylation of phenolphthalein, even in alkaline solution, leads to 
the formation of lactonic esters and ethers. 


When reduced, the phenolphthaleins are converted into hydroxy- 
triphenylmethane-carboxylic acids, called phthalins (p. 543), which, 
on treatment with concentrated sulphuric acid, give hydroxy-phenyl- 
anthrone derivatives, called phthalidines. When oxidised the phthali- 
dines are converted into phthalideins or hydroxyphenyloxanthrone 
derivatives. 

The following scheme shows these relationships in the case of 
phenolphthalein: 


yCJEl 40 H 
.[ilcecda[ 40 H 
CeH/ yO 
^[21C& 

Phthalein, 

p.p'-dihydrozy- 

diphenyl-phthalide 


/CJEI 40 H 

^[2]COOH 


~2HiO 


Phthalin, 

p,p'-dihydroxy-triphenyl- 
methane-o-carboxylio acid 


CJEr.OH 

/tl]AH[lk 

\[2]CO[2K 

Phthalidin, 

dihydroxy-phenylanthrone 


+0 


C6H40H 

/A(OH)v 

C.H< >Cai.OH. 

\co—/ 

PhthaUdein, 

dihydroxy-phenyl-nuinthrone 
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Phenolphthalein, '-phthalein, p/p '-dihydroxy-diphenyl-phthalide. C 20 H 14 O 4 
(constitution, see above), m.p. 260 , ciystailisee from alcoW in colourless, crys¬ 
talline crusts. It is almost insoluble in water, but dissolves in alkalis with a 
magenta red colour. It is used as an indicator in alkalimetry, particularly for the 
estimation of carbonate by baryta. It is obtained by the action of nitrous acid on 
p,p'-diaminodiphenyl-phthalide, from the corresponding phthalin (see above) by 
atmospheric oxidation in alkaline solution, or by oxidation with potassium fern- 
cyanide or permanganate, and by condensation of phthalic anhydride and phenol 
with concentrated sulphuric acid or tin chloride at 116-120®. o,o'-Dihydroxy- 
diphenyl-phthalidc-anhydride, or fluorane, is formed as a by-product, but is in¬ 
soluble in alkali {Baeyer, Ann. 202 , 68 ). In the commercial preparation of 
phenolphthalein an iso-phenolphthalein is also formed as a by-product. It is a 
derivative of an o,p'-diphenol-phthalide, and can also be prepared from o- 
hydroi^-benzoyl-o-oenzoic acid (q.v.), phenol, and a good excess of condensing 
agent (Orndorff, Am. 46, 2483). When boiled with caustic soda and zinc dust, 
phenolphthalein is reduced to the phthalin (see above and p. 543), and when fused 
with potash it is broken down into dihydroxy-benzophenone and benzoic acid. 

Derivatives of phenolphthalein. —Diacetyl-phenolphthalein, m.p. 143®; di- 
benzoyl-phenolphthalein, m.p. 169® (Bistrzyeki, Ber. 29, 131). Phenolphllialem 

✓C8II4:0 

methyl ester, CH 3 OOCC 6 H 4 • , m.p. 127-130®, orange-red needles, 

\C«H 40 H 

is obtained by esterifying phenolphthalein with methyl-alcoholic sulphuric acid. 
It dissolves in alkalis with a violet-red colour; and is readily hydrolysed to 
phenolphthalein {Meyer^ Ber. 40, 3484; Green, Ber. 40, 3726). The lactoid 
phenolphthalein-mono- and -di-methyl ethers, m.p. 149® and 100®, respectively, 
have been obtained by alkylation of phenolphthalein in alkaline solution {Green, 
Ber. 40, 3729). The latter can be obtained synthetically from phthalic anhy¬ 
dride, anisole and aluminium chloride {Grandi, Gazz. 26, I, 222 ). Phenol- 
[l]C=(CeH4-OH)2 

phthalein-anilide, CeH 4 <f \ , m.p. 279® (Albert, Ber. 26, 3077). 

\[2IC0NC6H5 

Phenolphthalein-oxime, (C 2 oHi 408 ):NOH, yello'w crystalline powder, m.p. 
212 ® (decomp.), is obtained by the action of hydroxylamine on an alkaline solution 
of phenolphthalein. When treated with dimethyl sulphate and alkali it gives a 
trimethyl derivative, and when acted upon by phenyl-diazonium chloride a mono- 
diazo-compound, wmich gives a diacetyl derivative. On boiling with dilute sul¬ 
phuric acid the oxime breaks down into p-hydroxy-o-benzoyl-benzoic acid and p- 
aminophenol {Meyer, Ber. 42, 2825). 

By the introduction of halogen into the nucleus of phenolphthalein, the inten¬ 
sity of colour decreases. This fact has been explained as due to a displacement 
of the equilibrium in favour of the lactoid form in solution (Thiel, Z. physikal. 
Chem. 100 , 479). 

Tetra£hloro-phenolphthalein, O 20 H 10 CI 4 O 4 , m.p. above 300® (Orndorff, Am. 41, 
349). Tetrabromo-phenolphthalein, m.p. 220-230® (dccomp.). Tetraiodo- 
phenolphthalein is used under the name of nosophen as a substitute for iodoform. 
For other halogeno-phcnolphthaleins, see Thiel, Ber. 55, 1312; Greenbamn, Am, 
Pharm. 100 , 374; Blicke, Am. 51,1865. Tetrabromo-phenolphthalein oxime see 
Fricdldnder, Ber. 26. 2260; Meyer, Mo. 21 , 263. Quiiioid tetrabromo-phenol- 
phthalein-mono- ana -di-ethyl ethers, see Meyer, Ber. 40, 1437. 

m,w'-Dihydroxy-p,p'-ditolyl-phthalide, m.p. 206®, see Baeyer, Ann. 354, 185. 

,C=-(C 4 H 40 H )2 

Phenol-sulphone-phthalein, C«H 4 <f >0 , is obtained by the action of 

o-sulphobenzoyl chloride on phenol at 135-140®. Like phenolphthalein, it forms 
colourless lactone derivatives and coloured quinone compounds (Orndorff, Am. 45, 
486). 

Fluorane, o,o'-‘phenolphlhalem-anhydride, C«H 4 ^ \C 6 H 4 [ 2 ]^ ^ m.p. 

^[21000 

173-175®, is obtained together with p,p'-phenolphthalein in the condensation of 
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phthalic anhydride and pbenoL and by dry distillation of copper phthalate {Eke-^ 
ley. Am. 52, 3003). When reduced, nuorane gives hydrofluoranic acid (p. 544), 
and is converted by distillation with zinc dust into diphenylene-phenylmethane 

/(l]C=-(C,H4)aO 

(Meyer, Ber. 25, 3586). The anil, CeH 4 ^ \ , melts at 242° (Al- 

\[2]CaN.C«H5 

bert, Ber. 27, 2793). 6-Hydroxy-fluorane, m.p. 181°, is obtained from 2,4- 
dihydroxy-benzoyl-benzoic acid, phenol, and concentrated sulphuric acid. For 
other hydroxy- and polyhydroxy-fluoranes, see Ghatak, J. Indian Chem. Soc. 6, 
465. Tribromo-fluorane, C 2 oHi®BriO*, m.p. 298-300°, is obtained by the action 
of phosphorus pentabromide on fluorescein, and gives hydrofluoranic acid when 
reduceci with alcoholic soda and zinc dust (Meyer, Ber. 25, 1388). Tetra- 
bromo-fluorane, Pratt, Am. 41, 1289. For nitrofiuoranes see Meyer, Ber. 31, 
1739; Gattermann, Ber. 32, 1131; Meyer, Ber. 32,2108. 3,6-Dimethyl-fiuorane, 
m.p. 213°. 2,7-Dimethyl-fluorane, m.p. 246°, see Copisarotv, J. 117, 209. 

Fluoresceins are the o-dihydroxy-phenolphthalein anhydrides, 
which are obtained by condensation of phthalic anhydrides with 
resorcinol, and are characterised by their beautiful fluorescence, 
especially in alkaline solutions {Baeyer, Ann. ISS, 1). 

Phthalic anhydride can be replaced by the anhydrides of aliphatic dicarboxylic 
acids. Succinic, maleic, and citraconic anhydrides will condense with resorcinol 
to give the corresponding fluoresceins. Pyromellitic and mellitic acids and their 
an^drides also combine with resorcinol to give dyes similar to fluorescein, which 
contain 1, 2, or 3 xanfhyl groups (Silherrad, Proc. 22, 251; J. 89, 1787). See 
also o-sulphobenzoic acid (p. 332), and naphthalic acid (Pechmann, Ber. 15, 883; 
Burckhxirdt, Ber. 18, 2864; Hewitt, J. 59, 301; J. 63 , 677; Ber. 29, 2824). 
Hydroquinone-succinein; pyrogallol-succlnein. 

Fluorescein, C 2 oHi 20 «, is obtained by heating phthalic anhydride 
(2 parts) with resorcinol (7 parts) by themselves to 200°, or with 
anhydrous oxalic acid to 110-117° (Anschutz, Ber. 17, 1079). When 
precipitated from alkaline solution it forms yellowish-red flocks with 
the composition C 20 H 14 O 6 , which easily lose water and pass into 
C 2 OH 12 O 8 . It is obtained as a dark red powder from its solution in 
alcohol, which is yellowish-red with a green fluorescence. The vari¬ 
ous forms of fluorescein are possibly due to the varying proportions of 
quinoid and lactoid forms present (Liebig, J. pr. [2], 86, 472; Om- 
dorff, J. 49, 1272). The alkaline solution is dark red, but becomes 
yellow when diluted, and then shows a beautiful green fluorescence. 
When reduced fluorescein gives fluorescin (p. 544). With phosphorus 
pentachloride it is converted into fluorescein chloride, p,p'-dichloro- 
fluorane (see rhodamines, p. 550), which, on treatment with alcoholic 
potassium hydrosulphide gives thiofluorescein, C 8 H 40 a:(C 6 H 3 SH) 2:0 
(GaUermann, Ber. 32, 1127). 

Baeyer ascribed to fluorescein the constitutional formula; 

.Ii]c=(C 5 H,011)20 

CiH 4 < \ . It was at first assumed that the phthalic acid radi- 

\2]COO 

cal replaced the two m-hydrogen atoms in the resorcinol molecule. Meyer proved 
that fluorescein was a dihydroxy-derivative of o-phenolphthalein-anhydride, and 
hence gave it the name fluorane (p. 547); he also showed that the phthalic acid 
radical was in the o-position to one of the hydroxyl groups of the resorcinol mole¬ 
cule, and that anhydride formation took place between these two hydroxyl 
groups. R. Meyer converted fluorescein (I) into tribromo-fluorane (le) with phos¬ 
phorus pentabromide, which, like fluorane (4), itself, gave hydrofluoranic acid (3) 
on reduction. Fluorescein and fluorane contain a ring closely related to the xan- 



FLUORESCEIN 


549 


thone ring, a fact which Is confirmed by the formation of an oxonium salt with 
hydrochloric acid {Fischer, J. pr. [2J, 104, 123); hydrofiuoranic acid can be 
broken down into xanthone and benzene: 


a) (.) 

C.H«/ ^C«H,(OH)t6K - * CWB,Br,0, 

^t2]COO 


(S) 


121COOH 



The intense colour of fiuorescein itself led Bemthsen. and others to ascribe a 
quinoid constitution to free fluorescein and its coloured derivatives (see phenol- 
phthalein). The ready solubility of fluorescein in sodium bicarbonate, and its 
esterification with alcohol and sulphuric acid is in agreement with the existence of 
a free carboxyl group in the molecule. The colourless derivatives were supposed 
to originate from a lactone form of fluorescein. Fluorescein and its coloured 
derivatives are thus brought into relationship with the aurines and rosanilines. 

If fluorescein is fused with caustic soda it breaks down into resorcinol and mono- 
resorcinolphthalein or dihydroxy-benzoyl-benzoic acid. When treated with bro¬ 
mine in glacial acetic acid, the latter gives dibromo-dihydroxy-benzoyl-benzoic 
acid, which can also be obtained from eosin, and with fuming sulphuric acid is con¬ 
verted into dibromo-xanthopurpurin. It follows that monoresorcinol-phthalein 
is 2,4-dihydroxy-o-benzoyl-benzoic acid, for if it were the 2,6-compound it would 
be impossible for an anthraquinone conaensation to take place (Heller, Ber. 28, 
314; Meyer, Ber. 29, 2623). 

Derivatives of fluorescein. —Fluorescein-anilide and phenyl-hydrazide, 

/C(C„H,0,) yC(Ci2ll80») 

CeHK \ and C 6 H 4 <C \ , are obtained by heating fluores- 

\C0NC.H5 \C0N->NHC,H5 

cein with aniline and phenylhydrazine, respectively. They form colourless crys¬ 
tals. The anhydride gives a diyncihifl-eiher, m.p. 207® (Fischer, Ber. 28, 396; 
Gattermann, Ber. 32, 1133). 

Fluorescein-carboxylic-acid methyl ester, CIl 300 C[ 2 ]C 8 H 4 *C<^ , 

m.p. 281-282®, crystals wdth a green lustre, is obtained by the esterification of 
fluorescein with sulphuric acid and methyl alcohol (Feuerstein, Ber. 34, 2641), or 
by the action of dimethyl sulphate on sodio-fluorescein (Ldehig, J, pr. [2], 88^ 26; 
Fischer, Ber. 46, 1951). Further methylation with dimethyl sulphate in nitro¬ 
benzene solution gives the orange-red fluorescein-dimethyl-ether ester, 

^)0 , m.p. 208® (Fischer, loc. cii.), and the colourless 

6 H |==0 

.C.H,(OCH,) 

lactoid dimethyl-ether, C«H 4 /^CeH,(OCH,) , apparently formed by isomeri- 

^COO 


sation. The latter melts at 198®, and can also be obtained from its anilide (see 
above) by heating with concentrated sulphuric acid. From the dimethyl-ether 
ester, m.p. 208®, the colourless fluorescein-lactone-methyl ether m.p. 265-266®, 
is formed by hydrolysis (Fischer, loc. dt .). The dimethyl ether, m.p. 198®, gives 
on further esterification with methyl alcohol and hydrogen chloride, the trimethyl 
ether of dihydroxy-xanthydrol-carboxylic acid, w^hich possesses strongly basic 
properties. With acids it gives highly coloured salts which are soluble in water 
without hydrolysis. 

Svh^itvted fluoresceins .—^While fluorescein itself is of no value as a dye, dye¬ 
stuffs of great beauty can be obtained from it by introducing halogen and nitro- 
groups. Starting from fiuorescein, the substitution takes place in the resorcinol 
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radical (Ger. Pat. 108,838). The introduction of halogen results in a displace¬ 
ment of the absorption bands to the rod end of the spectrum. The displacement 
is approximately proportional to the number of halogen atoms introduced (Om- 
dorff. Am. 36, 680). The halogenated fluoresceins exist in two forms, one colour¬ 
less (lactoid) and the other coloured (quinoid). They give deep rea fluorescent 
solutions with alkalis. 

Eosin, teirahromofl'iwrescein^ C 2 oH 8 Br 405 , is obtained by the action of bromine 
in glacial acetic acid on fluorescein. It crystallises from alcohol in yellowish- 
red crystals, which can be converted into a colourless form through the diacotate. 
If the colourless form is dissolved in alkali and acetic acid is added, the coloured 
form is precipitated (Omdorff, Am. 49, 1272). The water soluble eosin of com¬ 
merce is the potassium of sodium salt. It dyes wool and silk a beautiful red, and 
in the case of silk the colour is fluorescent. 

Erythrosin, tetraiodofluorescein, C 20 H 8 O 6 I 4 , crystallises with 1 mol. of water 
which is very firmly held. For its constitution, see Holmes, Am. 49, 1594. 

Safrosin, eosin scarlet, dihromo-dinitrofluorescein, C2aH8Br2(N02)208, is obtained 
by the action of bromine on dinitrofluorescein, or by the action of nitric acid on 
di- or tetrabromofluorescein {Baeyer, Ann. 202, 68). For dinitrofluorescein 
yellow, obtained by the action of ammonia on dinitrofluorescein, see Reverdin, 
Ber. 30, 333. For further nitrofluoresct^ins, see Liebig, J. pr. [2], 86, 472. 

In order to obtain chloro-substituted fluoresceins in which the substitution has 


taken place in the i)hthalic acid radical, chlorinated phthalic anhydrides are con¬ 
densed with resorcinol (Noelting), From brominated fluoresceins, fluoresceins 
brominated and iodinated at the same time in the resorcinol radical are obtained: 

Phlozine, tetrahromo-dichloro^ and letrdbromo-tetrachloro-fluorescein, C20H4CI4 
Br 405 ; rose bengal, tetraiodo-tetrackloro-fluorescein (Orndorff, Am. 36, 680; 
Pratt, Am. 40, 236; Am. 41, 1293). 

Catechol {Meyer, Ber. 40, 1442), kydroquinone, orcinol (Orndorff, Am. 36, 
1201), hydroxyhydroquinone, pyrogallol, and phlorogludnol have also been con¬ 
densed with phthalic anhydride. 

Hydroquixione-phthale&, mj3. 226®, is obtained from hydroquinone and 
phthalic anhydride, and from fluorane (p. 547) by conversion into 2,7-dinitro- 
fluorane, diaminofluorane, and treatment of the latter with nitrous acid (Meyer 
Ber, 28, 2959; 31, 1743). It is not fluorescent, and differs from fluorescein in its 
colour. In its properties it resembles phenolphthaleiu much more closely (Meyer, 
Ber. 36, 2949). It dissolves in alkalis with a violet colour, which is not very 
stable; apparently the xanthone ring breaks and o-quinoid salts are formed (cf, 
hydroquinonebenzein; Baeyer, Ann. 372, 133). For esters of hydroquinone- 
phthalein, see Kehrrnann, Ann. 372,298. By condensation of phthalic anhydride 
with orcinol, three orcinolphthaleins are obtained. Only that compound which 
has 2 hydroxyl groups in the para-position to the phthalic acid radical, acts in a 
completely analogous manner to fluorescein (Meyer, Ber. 29, 2630). 

✓C6H2(0H)2V 

Pyrogallolphthalein, gallein, HOOC[2]C6H4 is formed by 

'C8H2 (OH )==0 

heating p3nrogallol with phthalic anhydride to 200®. Ciystals with a green lustre 
are formed, which dissolve in alcohol and in alkalis with a dark-red colour. With 
excess of alkali the solution becomes blue. Concentrated sulphuric acid converts 
gallein into coerulein, a green anthracene dye which is fast to light (Buchka, Ann. 
209, 249; Orndorff, Am. 23, 425; 26, 97). Tetrachlorogallein see Orndorff, Am. 


42, 183. 

Hydro:Qrhydroquinonephthalem is similar to the isomeric gallein, and in contrast 
to {»hlorog[luci]iolphthaleiii which does not contain the hydroxyl group in the ortho¬ 
position, is a useful mordant dye for cotton. Hydrojprhydroquinonephthalein, 
like gallein, is converted by concentrated sulphuric acid into an anthracene deriva¬ 
tive, violein; Hydroxyhydroquinone reacts like resorcinol with many other 1,2- 
dicarboxylic acid anhydrides, with phthalein formation (Thiele, Ber. 34, 2617, 
2637; Ltebermann, Ber. 35. 1782; 36, 1070). 

The phthaleins obtained from m-aminophenols and their derivatives are called 
rhodamines. Like fluorescein they are beautiful red dyes. The simplest rhoda- 
mine is obtained by heating phthalic anhydride with w-aminophenol hydrochloride 
and concentrated sulphuric acid to 190® (Ger. Pat. 44,002; Noelting, Ber. 38, 
3516; 39,2744). 
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More highly coloured than the hydrochloride of this simplest rhodamine are the 
alkylated rhodamines. They are obtained (1) by heating the simple rhodamine 
hydrochloride with alkyl iodides; (S) more easily by the condensation of alkylated 
and phenylated m-aminophenols with phthalic anhydride (Ger. Pats. 44,002 and 
48^731: Piuttif Ber. 31, 1327; Noelling, C. 1898, II. 1049); (3) by heating 
cetn chloride, m.p. 252®, the product obtained by tne action of phosphorus penta- 
chloride on fluorescein, witn dialkyiamines (Ger. Pats. 48,367 and 48,980). 
Anisoline, an alkyl ether of rhodamine (?) see Monnet, Bull. [3 J, 7, 523. Sucdn^ 
rhodamine, obtained from succinic anhydride and m-aminophenol, see Ger. Pat. 


61,983. 

y[llC[C6H,(OH)COOH]* 

Disalicylic-phthalide, C 6 H 4 ^ \ , m.p. 276® (decomp.), is 

\[2]COO 

obtained^ together with phthaloyl-salicylic acid (p. 623), from phthalic anhydride, 
ethyl salicylate and aluminium chloride {Limpricht, Ann. 303, 280). 

2 A. The ring system of di pheny l and triph enylmethano are combined in tri- 

diphenylyl-methane, HC ^^ ^m.p. 241-242®. It is formed 

by the action of diphenylyl magnesium brmnide on 5fs-diphenylyl-ketone (Schmid^ 
lin, Ber. 45, 3178; Schlenk, Ber. 46, 1476). It is also produced from the corre¬ 
sponding tri-diphenylyl-chloromethane (m.p. 200®) by the action of concentrated 
sulphuric acid in alcohol (Schmidlin, Ber. 45, 3189). The transformation of tri- 
diphenylyl-chloromethane into the free radical tri-diphenylyl-methyl on heating 
its benzene solution with copper powder (Schlenk, Ann. 372, 2) is remarkable. 

/CHCcjaOi 

2 B. p-Phenylene-6ts-diphenylmethane, CjHk , m.p. 172®, ob- 

\CH(C«H5)2 

tained from the corresponding glycol (q.v.) by reduction with zinc and acetic acid. 
Derivatives of this hydrocarbon have been obtained by introducing the CH- 
(C«H 6 ) 2 — group into qui nones and quinoid substances by means of diphenyl- 
carbinol (p. 513). Benzoquinone-&is-diphenylmethane, C6H202[CH(C6H4 )j)j, 
m.p. 250®. Benzoquinone-6is(tetrametliyl-diamino-diphenylmethane), m.p. 
245®, is obtained by warming quinone with tetramethyl-diamino-diphenylcarbi- 
nol in alcoholic solution (Mdhlau, Ber. 32, 2146). 

p-Phenylene-to-diphenylcarbinol, (C*H5)2C(OH)[l]C«H4[4)C(OH)(CeH6)2, 
m.p. 169®, has been obtained from ethyl terephthalatc and phenyl magnesium 
bromide. The benzene solution of the bromide, (C 8 H 5 ) 2 CBrC 6 H 4 CBr(CeH 5 ) 2 . 
gives tetraphenyl-dimethylene-quinone, (C 6 H 6 ) 2 C:CeH 4 :C(C 6 H 6 ) 2 , w'hen boiled 
with silver. This substance forms orange-red needles, m.p. 239-242®. It adds 
on bromine with decolorisation, liberates iodine from hydriodic acid, and re¬ 
sembles the methylene-quinones (p. 340) (Thiele, Ber. 37, 1463; Flurscheim, Ber. 
41, 2746). Tetraphenyl-methylene-quinones are also formed by the condensa¬ 
tion of 2 mols. of diphenylketene with 1 inol. of quinone, 2 mols. of carbon dioxide 
being split off from the first-formed /8-dilactorics (p. 554). If glycol is treated 
with aniline salts, or phenol in glacial acetic acid, p,p'-diamino- and p,p'- 
dihydroxy-hexaphenyl^-xylene, H 2 NC«H 4 • C(C»Hs)2<JeH4C(CeH6)2C«H4NH2, 

- 1 H0CeH4C(C4H6)2C6H4C(CeH5)2CsH40H, E - 


m.p. 358®, and V>'01.A4 vv \ vyoJLJi.4/ 
are formed (Ullmann, Ber. 37, 2001). 


, m.p. 304®, respectively, 


3. TETRAPHENYLMETHAWE GROUP 

Tetraphenylmethane, C(C«H 8 ) 4 , m.p. 282®, b.p. 431® (sublimes), has been ob¬ 
tained from the diazonium sulphate of p-amino-tetraphenylmethane by boiling 
with alcohol. It is also formed in small quantities by heating triphenylmethane- 
azobenzene (p. 530) to 100® (Gomberg, Ber. 36,1090), and by the action of phenyl 
magnesium cnloride on triphenylchloromethano or triphenylcarbinol methyl ether 
(Gomberg, Ber. 39, 1463: Am. 39, 2009). p-Amino- and p-hydroxy-tetraphenyl- 
methane, NH,[4]C«H4C(C6H5)« and HO[4]C6H4C(C8H8),j m.p. 245® and 282® 
respectively, are easily obtained from triphenylcarbinol in glacial acetic acid 
by heating with aniline hydrochloride, and phenol and concentrated sulphuric 
acid, respectively (Baeyer, Ber. 35, 3018; Ullmann, Ber. 36, 407; Biairzyeki, 
Ber. 37, 659; Zincite, Ann. 363, 284). 
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p-Djphenylmethyl-tetraphenylmethane, (CeHfi)2CH[4]C6H4C(CeH5)3, m.p. 
231®, is obtained by reduction of triphenylcarbinol or its chloride with zinc and 
stannous chloride, hydrochloric acia and acetic acid, and also by the action of 
hydrochloric acid on hexaphenylethane and triphenylinethyl (p. 575) 
habin, Ber. 37, 4709). It has also been obtained synthetically from p-benzoyl- 
triphenylmethane, C«H 6 COCeH 4 CH(C«H 6 ) 2 , m.p. 166® (Tshitshibahin, Ber. 41, 
2421). 

4. HOMOLOGOUS DI- AND POLY-PHENYL PARAFFINS 

Homologous series are derived from diphenylmethane. Apart 
from substitution in the benzene nuclei, H atoms of the methylene 
radicals may be replaced by alkyl groups, giving rise to compounds 
such as diphenylmethyl-, diphenyldimethyl-, diphenylethyl-, di- 
phenylpropyl-methane, etc. These are known generally as pem*- 
diphenyl paraffins. Secondly, new carbon atoms may be introduced 
between the two benzene radicals giving rise to compounds such as 
w,a>-diphenyletharie, or dibenzyl, w,<o-diphenylpropane, co,co-diphenyl- 
butane, co,co-diphenylpentane, etc. 

The group of as-diphenylethanes and the homologous g^cm-diphenyl 
paraffins will be dealt with first. The members of this series show 
marked resemblances to diphenylmethane and its derivatives, and at 
the same time they show genetic relationships with the dibenzyl 
group; cf. benzilic acid, diphenylacetaldehyde, stilbene, and tolane. 
Then follows the important group of dibenzyls, or sj/m-diphenyl- 
ethanes, and then the co,co-diphenyl-propane, -butane-, -pentane-, and 
-hexane groups. The derivatives alkylated or phenylated in the 
benzene nuclei, or in the side-chains connecting them, are included 
with the parent hydrocarbons of the individual groups. The un¬ 
saturated hydrocarbons follow the saturated ones. 

(a) jre?n-Diphenyl Parafl5ns and Their Derivatives 

These may be iDroduced by the following general methods: 1 . By condensation 
of aldehydes, aldehydo-halides, glyoxylic acid, etc. with benzene hydrocarbons, 
phenols, or tertiary anilines, just as the diphenylmethanes are prepared from 
formaldehyde, methylene ioaide, etc.: 

CHaCHO + 2C«H«-► CH,CH(CeH,), + H 2 O. 

B. Diphenylalkyl-carbinols are obtained by the condensation of benzophenono 
with alkyl magnesium iodides, or by the action of phenyl magnesium bromide on 
aliphatic esters^ acid chlorides or anhydrides {Grignard^s reaction). These carbi- 
nols readily split off water and form -diphenyl olefines, which can be reduced 
by sodium and alcohol to the gfcm-diphenyl paraffins: 

CHjMgl CHiCOOR 

(CeH,),CO - ■ > (C6 Hs)2 C(OH)CH, <-!- 2C2H,MgBr 

(C«H*),C(0H)-CH2-CH,-> (C2H3),C:CHCH,-► (C^HOt-CH-CHj.CH,. 

All the substances of this group give b^nzophenone or its derivatives ^n oxida¬ 
tion: 

os-Diphenylefhane, (C^H 6 ) 2 CHCHt, b.p. 269® (b.p. 145® (13 mm.)), is ob¬ 
tained by the action of benzene on paraldehyde in the presence of sulphuric acid, 
the reaction mixture being kept cold, and also by the action of benzene and alumin¬ 
ium chloride on ethylidene chloride, CHjCHCb, a-bromo-ethylbenzene, CeHi* 
CHBrCHg, styrene, or acetylene, and by reduction of os-diphenylethylene (see 

^ The word pem- signifies that two equal groups are attached to one C atom; 
it is derived from gemini, twins (Baeyer, Ber. 31, 2068). 



/ 


PHENOLPHENYLETHANE 


553 


below) with sodium and alcohol or hydrogen and nickel at 230*^. os-Diphenyl- 
ethane is oxidised to benzoi>henone by cl^omic acid mixture, the methyl group 
being split off. For the action of aluminium chloride, see Radziewanowaki^ Ber. 
27. 3238. When acted upon by nitric acid, a«-diphenylethane is nitrated in the 
siae-chain and not in the nucleus. The following substances are produced: 
diphenylethylene-glycol-mononitrite, (C«H6)iC(OH) •CH 2 (ONO), m.p. 100®, 
diphenylvinyl nitrite. (C«H|)aC5=CH*(ONO), m.p. 86®, and a dinitnte, m.p. 
149®, which is possibly a derivative of diphenylethylene. The three compounds 
crystallise readily forming yellow crystals and are converted into benzophenone 
by oxidation (AmchtUz, Ann. 233, 330; Konowalow, J. Russ. Phys.-Chem. Soc. 
37, 542). 

a.s>Phenolphenylethane, CiH 6 CH(CH»)C«H 40 H, m.p. 68®, is obtained from 
phenol and styrene when treated with sulphuric acid. The homologous phenols, 
naphthols, etc., react in a similar way with styrene {Koenigs, Ber. 24,3891). The 
addition of styrene to the phenols takes place most readily in the p-position to 
the hydroxyl group. oa-Diphenolethane, (C«H 40 H) 2 CHCH|, m.p. 122®, is ob¬ 
tained by the action of aldehyde on phenol (Clans, Ber. 19, 3009). as-p,p'^ 
Tetramethyl-diamino-diphenylethane, [(CH») 2 NC 6 H 4 ] 2 CHCIls, m.p. 69^, is 
broken down by nitrous acid into p-nitrodimethylaniline (Trillai, C.r. 128, 1404; 
129, 1242). 

^«m-Diphenyl-propwe, -butane, and -hexane, b.p. 142®. 150®, 164® (10 mm.), 
respectively, are obtained by the action of sodium and alcohol on the correspond¬ 
ing olefines (Maaaon, C.r. 135, 533) or by catalytic hydrogenation with nickel. 

^em-Diphenyl-methyl-, -ethyl-, -propyl-, and -amyl-carbinols,(C«H6)tC(OH)R, 
m.p. 81®, 95®, b.p. 185® (15 mm.), m.p. 47®, respectively, are obtain^ from 
benzophenone by the action of alkyl magnesium iodides, or irom fatty acids and 
phenyl magnesium bromide, according to method 2 (see above). By distillation, 
or treatment with dehydrating agents, these carbinols yield: pem-diphenyl- 
ethylene, -propylene-, -butylene-, and -hexylene, respectively, b.p. 270®, 280®, 
m.p. 62®, ^2®, 314®, respectively. os-Diphenylethylene is also formed from a- 
diphenyl-/J-chloroethane (see below), and from as-dibromoethylene by the action 
of benzene and aluminium chloride. It readily splits off formaldehyde by autoxi- 
dation. pew-Diphenylpropylene gives c(-diphenyl-/9-bromopropylene, (C*H 6 ) 2 C: 
CBrCHa, m.p. 49% with bromine (Klages, Ber. 35, 2646; 37, 1447; Hell, Ber. 37, 
230: Masson, C5.r. 135, 533), o-Hydroxydiphenylethylene, HO[ 2 ]CaH 4 C- 

(C6H6):CHi, b.p. (13 mm.) 167®, see Stoerrner, Ber. 36, 4002. 

A series of halogen derivatives of monosubstituted aiphenylethylenes, of the 
CaHav yK 

general formula, yC=C< , exist in ds-trans isomeric forms. They 

C«H4X/ ^Hlg 

can be converted from the to the <rons-form by ultra-violet light (Stoerrner, 

Ann. 342, 1; Ber. 42, 4865). 

as-Diphenyl-monochloroethane, (C«Hfi) 2 CHCH 2 Cl, is an oil. Diphenyl- 
dichloroethane, (C 6 H 6 ) 2 CHCHCl 2 , m.p. ^®, diphenyl-trichloroethane, ( 0 «Hs) 2 - 
CHCCla, m.p. 64®, are formed by the action of benzene and sulphuric acid on 
mono-, ai-, and trichloroacetaldehydes (chloral), respectively (Fritsch, Ann. 306, 
72). When treated with alkali, these substances split off HCl mving as-diphenyl- 
ethylene (see above). Diphenyl-monochloroethylcne, (CsH 5 ) 2 C:CHCf, m.p. 
42®, b.p. 298®, and diphenyl-dichloroethylene, (C 2 H*)iC:CCl 2 , m.p. 80®, b.p. 
316®, are amongst the condensation products of chloral with benzene in the pres¬ 
ence of aluminium chloride (Biltz, Ber. 26, 1955). When heated with sodium 
ethylat^ diphenyl-dichloroethylene is converted into diphenylacetic acid (p. 
555). If diphenyl-monochloroethane is heated by itself, the substance simultane¬ 
ously loses uCl and undergoes a transformation, stilbene being formed. Stilbene 
is aim formed when diphenyl-dichloroethane is treated with zinc dust and alco¬ 
hol. Here again reduction is followed by transformation. When diphenyl- 
monochloroethylene is heated with a solution of sodium ethylate, diphenyl-vinyl- 
ethyl ether, (C 6 Hi)aC:CHOC 2 H 6 , is formed, together with tolane, the latter being 
produced by a transformation; 


-HCl 


(CJffe),CH-CHtCl 


CtHtCH-.CH; 


-HQ 


^ C«HaC>CC«H» 
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These reactions also extend to a series of substituted diphenylmono- and -tri- 
chloroethanes, and diphenyl*5monochloroethylenes (Fritzack, Ann. 279,319; Elba, 
J. pp. [2], 47, 44). 

os-Diphenylethylene glycol, (C(p 6 ) 2 C(OH)‘GHjOH, m.p. 121® is obtained 
from ethyl glycollate or Benzoyl carbinol (p. 403) by the action of pnenyl magne¬ 
sium bromide. In a similar manner diphenylpropylene glycol, (C8H552C(OH) • 
CHOH'CHf, m.p. 96®, is obtained from ethyl lactate, 1,1-diphenyl glycerol 
(C6 Hb) 2C(0H)CH0H-CH20H, m.p. 158®, from ethyl glycerate, and diphenyl- 
ethylene chlorhydrin, (C 6 Hb) 2 C(OH) •CH 2 CJI, m.p. 66®, from ethyl chloroacetate 
and phenyl magnesium bromide. When the last mentioned compound is warmed 

with sodium ethylate, diphenylethylene oxide, (CeH 6 ) 26 : 0 - ^H 2 , m.p. 56®, is 
formed (Stoermer, Ber. 39, 22^). 

When diphenylethylene glycol is heated with 20% sulphuric acid, or dmhenyl- 
ethylene oxide is distilled in vacuo^ diphenylacetaldehyde, (C 6 H 5 ) 2 CH<CIlO, b.p. 
166® (9 mm.), is formed. Its oxime melts at 120®. The compound is also ob¬ 
tained by hydrolysis of diphenyl-vinyl-ethyl ether with glacial acetic and hydro¬ 
chloric acids. In many ways it behaves like the hydroxymethylene compounds 
(p. 407, etc.) . When oxidised it does not give an acid, but splits off the CHO 
^oup and gives benzophenone {Auwers, Ber. 24, 1780; Claiaen, Ber. 25, 1781). 
Diphenylacetaldehyde is also formed from the hydrobenzoins by the action of de¬ 
hydrating agents, the anhydrides being formed at the same time (p. 562): 

C.H.CHOH.CHOHCaii — — (CrfI.)2CHCHO. 

This is due to an atomic rearrangement opposite to that mentioned above in con¬ 
nection with os-diphenylchloro-ethane and -ethylene, and is reminiscent of the 
pinacone rearrangement (see benzilic acid transformation). 

Methyl and ethyl-hydrobenzoins, CeHsCHCOH) •C(Alk)OHC(iHB, behave in 
the same way, giving a,a-diphenylpropionaldehyde, (CeHs^aCCCHa)'CHO, b.p. 
176® (12 mm.), and, a,a-diphenyibu^aldehyde, (CeH 6 ) 2 C(C 2 H 5 )-CHO, b.p. 
314® (TifeneaUf C.r. 143, \2^2). 

Diphenylglycolic aldehyde, m.p. 162®, is obtained by heating bromodiphenyl- 
acetaldehyde with barium carbonate. With sulphuric acid in alcoholic solution 
it transposes to benzoin {Donilov), Ber. 60, 2390). 


(CJl 6 ),C(OH)CHO - > C«HB-CH(OH).CO«CeH 6 . 


as-Diphenylacetone, (C 6 H 6 ) 2 CH-COCH 3 , m.p. 45® and 61® (dimorphous) 
(oxime, m.p. 164®), is obtained by heating diphenylpropylene glycol (see above) 
with dilute hydrochloric acid {Stoermer, Ber. 39, 2302). 

Diphenylketene, (CflH 5 ) 2 C:CO, b.p. 146® (12 mm.), a reddish-yellow liquid, 
which crystallises in the refrigerator to straw-yellow crystals, was the first member 
of tMs interesting class of compounds, the ketenes, to be discovered (Staudinger, 
1905) (see Vol. I, p. 269). It is obtained by the action of zinc on diphenylchloro- 
acetyl chloride (p. 556) or by removal of HCl from diphenylacetyl chloride by 
means of tertiary bases (Staudinger^ Ann. 356, 51). Its very ready formation 
from azibenzil (p, 565) with splitting off of N 2 and wandering of a phenyl group is 
particularly interesting (Schroeter, Ber, 42, 2346): 



CeH,v . 
CeHiCo/^ 


>C=CO. 

CaH/ 


This is a reaction which is analogous to the formation of stilbene from diphenyl- 
monocUoroethylene (p. 553) and of tetraphenyl-ethylene from benzpinacoline- 
alcohol (p. 575). 

Diphenylketene is more stable than the aliphatic ketenes, and shows no tend¬ 
ency towards polymerisation. It is, however, extremely reactive, , 1. With 
water it forms dipnenylacetic acid or its anhydride. B. Witn alcohols it forms di- 
ph^tylacetic esters. 5, With hydrochloric acid it gives diphenylacetyl chloride. 
4 . With ammonia, phenylhydrazine, (primary and secondary bases it gives the 
corresponding dipnenylacetic acid derivative. 5. With organic acids it forms 
mixed acid anhydrides. 6. With sodio-malonic ester it gives diphenyl-acetyl* 
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malonic ester, (C 6 H 6 ) 2 CH-00011(00011)1. 7. With phenyl magnesium bromide 
it forms triphenylvinyl alcohol, (06Hj)iC:0(0H)0«H«. 8. It combines with 
Schiff's bases (p. 272) forming ^-lactams: 

( 0 «Hi )20 - 00 

(06H5)i 0^00 -h OeHiOH^NOeHj -► I | 

OeHjCH—NOeHs 

9a, With a,/3-unsaturated aldehydes and ketones and warming in indifferent 
solvents, 6-lactones are formed by addition in the 1,4-position. When treated 
with alkali, these split up into keto-acids, and on heating lose carbon dioxide giv¬ 
ing butadiene derivatives (Standinger, Ann. 401, 263), e.g.: 

OcHfi—OII=-OH—C—C*H6 

1 + (CeH,) 2 = 0 == 0=0 -> 


OH—CH--C-~CeH 5 

I >0 

OeH5)iO-C--0 


OeHft—G—OH=OII— 0 JI 5 

{ 0 *H 5 )iO -f OOl 


9b. Like the a,/3-unsaturated ketones, the quinones add on in the 1 , 2 -position. 
According to the quantities used mono- or di-lactones of 7 -hydroxy-acids are 
formed. The dilactones immediately lose 2 mols. of carbon dioxide and become 
tetraphenyl-dimethylenequinones (p. 551): 


00 • 0(C«H5)2\ /C(CeH5)i • 00 ^2C0, 

I__J -‘ 


(C6H6)*0;CeH4;0(06H5)2; 


but the monolactones can be isolated, and only decompose on warming into car¬ 
bon dioxide and diphenylquinomethanes (p. 539) (see also p. 558). 

The reactivity of the quinones is reduced by o-substituents, so that chloranil 
(p, 238), and anthraquinone (q.v.) do not react with diphenylketene (Stavdinger, 
Ann. 380, 243). 10. Diphenylketene forms addition products with nitrons, 

(R) 20 ==NR, of the general formula ( 0 eH 6 ) 20 —NR===0(^). On heating, these 


lose carbon dioxide and give the corresponding nitrenes, (Cd36)2C==(NR)= 
0 (R4)2 {Staudmger, Helv. 2, 554). 11. With triphcnyl-phosphine-phenylimide, 

(OJl 6 ) 3 P-==N-CeH 8 , it gives diphenylketene-phenylimide, ( 06 H 5 ) 2 C=^=N • 
CeHfi, which is less reactive than diphenylketene itself {StaKdinger, Ber. 53, 72). 

Diphenylthioketene, seems to be unstable because of its great tendency to 
polymerise. 

Diphenylacetic acid, (Cen 5 ) 2 CHCOOH, ni.p. 146°, is obtained by the hydrolysis 
of its nitrile, by nuluction of benzilic acid with hydriodic acid, or phosphorus in 
glacial acetic acid {Kliugeniann, Ann, 275, 84), or from diphenyl-dichloroethyleno 
(p. 553) by heating with sodium ethylate solution to 180°, a reaction which is of 
general application {Fritzsch. Ann. 306, 79). Methyl ester, m.p. 60°, ethyl ester, 
m.p. 58°, chloride, m.p, 57°. When oxidised the acid is converted into benzo- 
phenone, and when heated with soda-lime it forms diphenylmethane. 

Diphenyl-acetonitrile, (0«H8)2CH0N, m.p. 74°. b.p. 184° (12 mm.), is ob¬ 
tained synthetically by the action of mercuric cyanide on diphenyl-bromomethane, 
and by the condensation of mandolonitrile, OeHsCH(OH)CN. and benzene in the 
presence of stannic chloride {Michael^ Ber. 25, 1615). The hydrogen of the OH 
group can be readily replaced by phenyl radicals, but not by alkyl {Klingermnn, 
Ann. 275, 87). If the sodium compound is acted upon by iodine, tetraphenyl- 
succinonitrile is formed (p. 576) wmich on treatment with zinc and acetic acid 
gives back diphenyl-acetonitrile {StollCy Ber. 45, 3113). 

p,p'-Ditolyl-, -dianisyl-, and -diphenetylacetic acid, m.p. 144°, 110*°, and 114°, 
rej^ctively, see Fritzsch, Ann. 306, 81. 

Tetranitro-diphenylacetic acid, [ (NO2)206H8l20H0OOn is obtained in the form 
of its ethyl ester, m.p. 154°, from dinitro-phcnylacetoacctic- or -malonic ester 
(p. 434) by the action of Oj/j-dinitro-bromobenzene, the OOOHi and OOOOiH* 
groups being removed. It is also obtained by the direct introduction of the 
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dinitrppbenyl radical into dinitro-phenylacetic ester (p. 320). The ester forms 
salts with potassium and sodium which possess a metallic lustre, and dissolve in 
alcohol and water giving dark blue solutions; cf, the similar benaviour of tetra- 
nitro-dipheiwimethane and trinitro-triphenylmethane, [(NOs)aC»H 8 l 3 CHt and 
(NOaCiH 4 ) 2 CH, respectively (pp. 511, 626), and trinitro-phenylmalonic ester 
(p. 434) {Richter. Ber. 21, 2476). 

;7,p'-Diamiiio-aiphenylacetic acid, lNH 2 C 8 H 4 ljCHCOOH. m.p. 234®, is ob¬ 
tained by the trans^sition of dianilidoacetic acid. (CJlsHHlaCIlCOOH, (p. 91) 
on heating with aniline and aniline hydrochloride (Ostromisslemky, Ber, 41, 3019, 
3031). 

p-Hydrozy-diphenylacetic acid, m.p. 173®, is obtained from mandelic acid or 
its nitrile by the action of phenol and 73 per cent sulphuric acid. o-Hydroxy- 

< C6H4v 

m.p. 114®, is a by-product. The 

latter gives a bromo-derivative which is easily converted into o-hydroxy-diphenyl- 
glycocoll, HOC 8 H 4 C(CeH 5 )(NH 2 )COOH (Bistrzycki, Ber. 31, 2812). 

Tetrahydroxy-diphenylacetic acid, [C«H*(OH) 2 l*CHCOOH, is obtained by the 
condensation of chloral with resorcinol in the presence of potassium bisulphate. 
It is yellow in colour, but dissolves in cold alkalis with a red colour, and gives a 
triacetyl derivative, m.p. 152® (Hewitt, J. 69, 1265; 71, 1084). 

Benzilic acid, diphenyl|;lycolic acid, (CeH6)jC(OH)COOH, m.p. 150®, is ob¬ 
tained from diphenylacetic acid by the action of bromine and water, and from 
benzil by warming with alcoholic potash, or fusing with potash, an intramolecular 
transformation taking place (preparation, see Staudinger, Ann. 356, 71; Liebig, 
Ber. 41, 1644). It is also prepared by boiling benzoin with aqueous potash, and 
bubbling air through to act as an oxidising agent (Montague, Rcc. 21, 6): 

C«H»CH(OH)COC#H, -> CJEIiCOCOCtH*-► (CiH*)aC(OH)COOH. 

HtO 

Bensoin Benzil BenziUo acid 


When heated above its melting point, benzilic acid takes on a blood-red colour, 
and its solution in concentrated sulphuric acid is also this colour. By thermal 
decomposition in the presence of traces of alkali it gives tetraphenyl-cyclobutane- 
dione-1,2 (Vol. IV). By the action of cold concentrated sulphuric acid on ben¬ 
zilic acid, derivatives of diphenylene-phenylethane are formed (q.v,, Klinger, Ber. 
29, 734). 

Benzilic acid gives diphenyl-chloroacetic acid, (C6H2)2CC1C00H, m.p, 119® 
(decomp.), and diphenyl-chloroacetyl chloride, m.p. 50® (Staudinger, Ann. 356. 
72), with chlorides of phosphorus. With phosphorus pentoxide, or carbonyl 
chloride and pyridine, or by long heating to 155®, benzilide, 

/O 'COv 

(CzH 4 ) 2 C<^^^ ^^C(C«H*) 2 , m.p. 196®, is formed (Einhom, Ber. 35, 3642). 

With hydriodic acid and phosphorus it is reduced to diphenylacetic acid, and on 
distillation of its barium salt it gives diphenylcarbinol (p. 512). When oxidised 
it gives benzophenonc. 

n-ToliUc acid. (CH,C»H 4 ) 2 C(OH)COOH, anisiUc acid, (CH,OC 6 H 4 ) 2 C(OH)- 
COOH. cuminilic acid. (C 2 H 7 C«H 4 ) 2 C(OH)COOH, and hexamethoi^benzilic acid 
[(CHiO)iC«H 2 ] 2 C(OH)COOH, are obtained by similar methods to benzilic acid, 
from the corresponding substituted benzils (p. 568). 

i9,/9-Diphenylpropionic acid, (CsHft) 2 CHCH 2 COOH, m.p. 149®, is homologous 
with diphenylacetic acid. It is obtained by the action of phenyl magnesium 
bromide on ethyl cinnamate (Kohler, Am. 33. 21), or by the action of benzene on 
cinnamic acid in the presence of sulphuric acid, in the same way as phenol-phenyl- 
ethane is obtained from styrene and phenol (p. 553). By the further action of 
sulphuric acid it condenses to 3-phenylhvdnndone (p. 592). a-Bromo-i8,/8- 
diphenylpropionic acid, m.p. about 164®, and its potassium salt even more readily, 
breaks down on boiling the aqueous solution into carbon dioxide, hydrobromic 
acid, and stilbene (p. 559), a reaction which corresponds to the formation of this 
hydrocarbon from diphenyl-monochloroeth^lene (p. 553) (Kohler, Am. 34, 
132). Phenyltolyl- and phenyb^lyl-propiomc acids, etc., are obtained similarly 
to diphenylpropionic acid (Karsten, Ber. 26, 1579). When oxidised these acids 
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give benzophenone, phenyltolyl ketone, phenylxylyl ketone, etc, 7 , 7 -DiphenyJ- 
butyric acid, (C 6 H*)aCHCH 2 CHj*COOH, m.p. 107°, is obtained from 7 -phenyl- 
butyrolactone (p. 418), or ‘^phenylisocrotonic acid'' (p. 469) by the action of 
benzene and aluminium chlonde {Eijkmar^ Chern. Weetbl. 4, 727). 

a,a-Diphenyl]fropionic acid, (C«H 5 ) 2 C(CH 8 )COOH, m.p. 173° and its homo- 
logues are obtained by the condensation of phenylpyruvic acia (p. 428) with 
benzene and its homologues with concentrated sulphuric acid (Bdttinger Ber. 14, 
1695). On heating with concentrated sulphuric acid they split off carbon mon¬ 
oxide and form dipnenyl-carbinols, which, in their turn, readily break down into 
water and as-diaryl-ethylenes (Bistrzycki, Ber. 38, 839). 

i3-Diphenylpyruvic acid, (C®H 6 ) 2 CH*CO'COOH, is obtained by the condensa¬ 
tion of benzophenone and ethyl chloroacetate (Troell, Ber. 61, 2497). 

/?-Phenylcinnamic acid, (C 6 H 5 ) 2 C:CH COOH, m.p. 162°, is obtained in a 
similar way to the i3-alkylcinnamic acids from the condensation product of benzo¬ 
phenone with ethyl broraoacetate and zinc (Rupe, Ber. 40, 4537; Stoemier, Ber. 
41, 324). It is also obtained by the action of alcoholic potash on a-bromo-^,j 8 - 
diphenylpropionic acid {Kohler^ Am. 33, 21 ). 

7 -Diphenylitaconic acM, (C«H 5 ) 2 C:C(COOH)-GHjCOOH, m.p. 169° (de¬ 
comp.) . The ester of this acid is obtained by condensation of benzophenone and 
ethyl succinate in the presence of sodium ethylate. When heated under reduced 
pressure, the acid gives an anhydride, m.p. 147-150°, and when this is dissolved 
in caustic soda and acidified, diphenylcitraconic acid, (CiHj) 2 CHC(COOH) 
CHCOOH, m.p. 110-115° (decomp.), is formed. With concentrated sulphuric 
acid, diphenyliiaconic acid condenses to phenylindone-acetic acid; with bromine 

it gives y-dlphenyl-hromo-parncordc acid^ (C»H 5 ) 2 (i • CBr(COOH) • CH 2 • CO(!), 
whi(*4i, when warmed with water is converted into 7 -diphenylitaconlc acid, m.p. 
139°, and further, with loss of carbon dioxide into 7 -dlphenylcrotonic lactone, 

(C 6 Hfi) 2 (^*CH:CH• CO?), m.p. 131° (Stobhe, Ann. 308, 89). 7 -Diphenyl-af,^- 
dichlorocrotonic acid. (CeH 8 ) 2 CH-CCl:CCl(jOOH. m.p. 152°, is formed from 
chloromuconyl chloride, benzene, and aluminium chloride (Duntap. Am. 19,641). 
^,i3-Diphenylacctyl.acrylic osier, (C 6 H 5 ) 2 C:C(COCH,)COOC 2 H 6 , m.p. 76°, ob- 
tained from diphenyl-dichloromethane and copper acetoacetic ester gives di- 
phenylbutenone, (C®H 6 ) 2 C:CHC 0 CH 3 , m.p. 33°, b.p. 190° (13 mm.) by ketonic 
fission {Klages, Ber. 32, 1433). 

1,1,1-Triphenylethane, (C«H 6 ) 8 C-CH 3 , m.p. 95°, -propane, m.p. 51°, -butane, 
m.p. 79°, and homologues are obtained by the action of alkyl magnesium halides 
on triphenyl-chloromethane (Gornberg, Ber. 39, 2957). 

Triphenylacetaldehyde, (C*H6)8C-CHO, m.p. 106°, obtained from /3-tri- 
phenylethylene glycol by boiling with sulphuric acid, is transformed by acids into 
diphenyl-acetophenone, (C®H 8 ) 2 CHCOCeH 5 , m.p. 136° {Danilow, J. Russ. 
Phys.-Chem. Soc. 51. 97). Triphenylmethyl-ethyl-ketone, (Cells)jC-0002111, 
m.p. 104°, is obtained by the action of triphenylacetyl chloride on ethyl magne¬ 
sium iodide (Schmidlin, Ber. 43, 1137). 

Triphenylacetic acid, (CeHsliC-COOH, m.p. 265° (decomp.), breaks down on 
heating into carbon dioxide and triphenylmethane. It is a very weak acid, like 
its substitution products. It is isomeric with the triphenylmethane carboxylic 
acids described earlier (p. 543). It is obtained by the action of carbon dioxide on 
phenyl magnesium chloride {Schmidlin^ Ber. 39, 634). It can also be obtained 
from trichloroacetic acid or diphenylchloracetic acid by the action of benzene and 
aluminium chloride {Biatrzycki^ Ber. 36, 145), by passing carbon dioxide through 
potassium triphcnylmethyl (p. 525), at 200°, or by the action of carbon dioxide 
on triphenylmethyl-magnesiiun chloride. When warmed with concentrated sul¬ 
phuric acid, it breaks down into carbon monoxide and triphcnyl-carbinol (p. 528). 
In a similar way, its chloride, m.p. 128°, gives triphenyl-chloromethane. It is 
very difficult to esterify. Its esters decompose on heating, losing carbon dioxide. 
Methyl ester, m.p. 186°, phenyl ester, m.p. 123°, triphenylmethyl ester, m.p. 
185° {Anschutz, Ann. 359, 196). Amide, m.p. 246^, anhydride, m.p. 163° 
{SchmidUn, Ber. 41, 438), Its nitrile, m.p. 127°, is obtained from triphenyl- 
chloro- or -bromoraethane by the action of ^mercuric cyanide {Fischer, Ann. 194, 
260; Meyer, Ber. 28, 2782), or by de-amination of hydrocyano-pararosaniliiio 
{Fischer, Ber. 26, 2225). 'p,p',p -Triamino-triphenylacetonitrile, hydrocyano- 
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pararo^niline, is obtained from the pararosaniline salts by warming with alcohol 
and potassium cyanide. In a similar way, hydrocyanorosaniline is obtained 
from rosauiline salts. According to Hantzsch, a quinoid ammonium cyanide is 
first formed, which transposes to the nitrile in the solution (Ber. 33, 287): 


(NHa • CcH4)2C : C#H4 : NH,CN 


(NHt • C JEl4)iC(CN) • CeHi • NHa. 


The hydrochlorides of these hydrocyano-compounds decompose on heating into 
HCl, HCN, and rasaniline hydrochlorides. 

Substituted triphenylacetic acids, especially phenol derivatives, are readily ob¬ 
tained by the condensation of benzilic acid with phenols by means of stannic 
chloride {Bistrzycki, Ber. 34, 3080; 37, 664; 40, 4060): 


.OH 

(C(fl5)2C<; + CaisOH 


SnCh 


^COOH 


(CeH5)2C<^ 


CeH40H 

COOH 


Diphenyl-p-tolylacetic acid, CH8[4]C6H4(C6H6)2CCOOH, m.p. 205®; p-tri- 
tolylacetic acid, (CH 8 C 6 H 4 )*C*COOH, m.p. 227®; p-hydroxytriphenylacetic 
acid, HO[4]C®H4(C8H8)2CCOOH, m.p. 212® (decomp.); m- and p-cresyl- 

diphenylacetic lactone, 6[2] CsHaCCHa) ( 1 ]C(CeH 6 ) 26 o, m.p. 126® and 130®, 
respectively. <?- and m-Xylenyl-diphenylacetic lactone, m.p. 178® and 170®, 
respectively. Thymyl- and carvacryl-diphenylacetic acid, HO[ 4 ]C«H 2 (CH 8 )- 
(C 8 H 7 )[ 11 C(C«H 8 ) 2 C 00 H, etc. 

i8-Triphenyl-lactic acid, (C 6 H») 3 C-CH(OH) *COOH, is obtained from benzo- 
phenone and phenylacetic acid under the influence of light {Patemo, Gazz. 40, II, 
321). It readily splits off water, becoming 1,2-diphenylindone (p. 596) (de 
Fazif Atti. R. Accad. Lincei [5] 24,1, 439). 

Diphenylmethyl-auinolcarboiylic lactone (formula, sec below)^ colourless crys¬ 
tals, m.p. 143®, is obtained by condensation of diphenylketene with excess of (jui- 
none (c/. p. 554). On heating it breaks down into carbon dioxide and diphenyl- 
quinomethane (p. 539). Like all quinone derivatives it shows the characteristic 
transformation into benzene derivatives with migration of the alkyl group. Thus, 
the above i3-lactone when illuminated in the solid state or in boiling benzene solu¬ 
tion passes into the isomeric 2,5-dihydroxy-triphenylacetic lactone, m.p. 196®: 


(C8H5)2C-CO 

which can also be bbtained synthetically from hydroquinone and benzilic acid in 
the presence of stannic chloride (Slaudinger, Ann, 380, 248). 


(b) s^m-Diphenylethane Group 

Dibeozyl, sym-diphenylethane, C 6 HjCH 2 ’CH 2 C«H*, m.p. 52°, b.p. 
284°, is obtained: 1. by the action of sodium, magnesium, or cop¬ 
per on benzyl chloride (Michailenko, J. Russ. Phys. Chem. Soc. 53, 
347); 2. by the action of benzene on ethylene chloride, or chloro- 
ethylbenzene, in the presence of aluminium chloride {Anschiitz, Ann. 
235, 155); S. ' from acetylene, benzene, and concentrated sulphuric 
acid in the presence of mercuiy salts {Reichert, Am. 45, 3090); 4 . 
from its oxygen-containing derivatives, benzoin, benzil, etc., and from 
the unsaturated hydrocarbons stilbene and tolane, by reduction with 
sodium and alcohol, hydriodic acid, or hydrogen abd nickel at 220° 
{Sabatier, C.r. 145,11^); S. by oxidation of toluene with potassium 
persulphate {Moritz, Ber. 32, 2^1). 
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When heated to ^0°, dil^enzyl forms stilbene and tolane (see also phenan* 
threne). By oxidation witli chromic acid or permanganate it is converted into 
benzoic acid. Two dinitro-dibenzyls are obtained by nitration of dibenzyl: 
p,p'-dinitrodibenzyl, m.p. 181°, which can also be obtained from p-nitrobenzyl 
chloride and stannous chloride (Roser, Ann. 238, 273; Heumann, Ber. 20, 909), 
and by the action of cold, methyl alcoholic potash on p-nitrotoluene (Green, Proc. 
23, 289; J. 91,2076). o,o'-Dinitrodibenzyl, m.p. 122° (Duval, Bull. [4], 7, 485, 
5Z7, 677, 727). 

p,p'-Diaminodibenzyl can be used for the preparation of tetrazo-dyes, in the 
same way as diaminostilbene (Ger. Pat. 101,861). 

o,o'-Diaminodibenzyl, m.p. 68°, obtainea by the reduction of '-diamino¬ 
stilbene; when its hydrochloride is heated it gives iminodiben^l, 

OBs • CcH4v 

(!jH 110°, which contains a seven-membered ring (Thiele, Ann. 


305, 96). Homoloraes of dibenzyl: m,m'- and p,p'-dimethyldibcnzyl, 

m.p. 66°, 82° and b.p. 296°, are obtained by the oxidation of o-, w-, and p- 
xylene, respectively, with potassium persulphate (Morilz, Ber. 32, 2531). 
Dimesitylefhane, b.p. 344-348° (Reichert, Am. 45, 3090). 
a(,^-Diphenylpropane, C6H4CH(CHj)CH2C*H6,.b.p. 167° (28 mm.), is obtained 
W the reduction of a-methylstilbene (p. 560). a,^-Diphenylisobutane, CeH*- 
CHaC(CHi)iCeH*, is obtained from isobutylene bromide, benzene, and alumin¬ 
ium chloride (Bodrovx, C.r. 132, 1333). 

a,i9-Phenyltolylpropane and a,/3-phenylxylylpropane are obtained from sty¬ 
rene by the action of xylene or trimethylbenzene and concentrated sulphuric acid. 
One methyl group of the benzene homologue adds on across the double bond of 
the styrene (Kraemer, Ber. 23, 3269). Diphenyl-dimethylethane, CeH^CH- 
(CH|)CH(CHi)C«H6 , m.p. 123°, is obtained by the action of sodium or zinc dust 
on a-halogeno-ethylbenzcne, or by the oxidation of ethyl-benzene with potassium 
persulphate (Schramm, Ber. 26, 1710; Moritz, Ber. 32, 434). 

Diphenyl-diethylethane, CeHs'CHCCJaHj) •CH(C*H6) * Cells, is obtained by the 
action of sodium on the bromide of ethyl-phenyl carbinol. It exists in two stereo- 
isomeric forms, one m.p. 90°, the other a liquid at ordinary temperatures. 
They can be converted into one another (Lepin, J. Russ. Phys.-Chem, Soc. 47, 
149). 


Stilbene, sym-diphenyhethylcmf or toluylene, CsHsCH: CHCeH^, 
m.p. 124®, b.p. 167° (12 mm.), crystallises in large glistening {(rriK^eiv, 
lustrous) monoclinic leaflets or prisms. It is produced by a great 
variety of reactions, and is one of the longest-known of aromatic sub¬ 
stances {Laurent, 1844). It is formed: 1 , By boating benzyl 
sulphide or benzyl disulphide {Fromm, Ber. 36, 538). By heating 
polymeric thiobenzaldehyde (p. 271) to 300°, or by distillation of 
trithiobenzaldehyde with copper. S. By the action of sodium on 
benzaldehyde or benzalchloride. 4- From benzaldehyde and phen- 
ylacetic acid, when stilbene is formed instead of the phenyl-cinnamic 
acid expected {von WaUher, J. pr. [2], 61, 169). 5, Stilbene and its 

homologues are formed by the Grignard reaction, using benzyl mag¬ 
nesium chloride and benzaldehydes or aromatic ketones. The ben¬ 
zyl-aryl carbinols first formed split off water. 6 . By heating oci- 
nitrobenzyl cyanide, C6H6C(:NOOH)CN, with caustic soda to high 
temperatures. Phenyl-ocf-nitromethane is first formed, but splits off 
sodium nitrite giving stilbene {Wislicenus, Ber. 38, 502). 7. By 
heating benzalazine, CeHfiCHrN-NiCHCeHs (p. 260), or phenyl- 
diazomethane, CflH 6 CHN 2 (p. 272), when nitrogen is split off. 8 . 
By heating chlorinated as-diphenylethane derivatives, such as 
(C 6 H 5 ) 8 CH CHaCl, CeHsCH CCU Cp. 553), or treating them with zinc 
dust, when transposition occurs (Kipp, Ber. 7, 1409; Elba, J. pr. [2], 
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47, 44; Feu&rdein, Ber. 34, 415). 9. By the action of copper 
potassium hydrogen sulphide, or potassium cyanide on stilbene di¬ 
halides (Anschutz, Ber. 11, 1219). 10. A peculiar reaction is the 

formation of stilbene by the distillation of phenyl fumarate or phenyl 
cinnamate (AnschiUz, Ber. 18,1945): 


CJI,OCOCH:CHCOOC.H, -» 

Diphonyl fumarate 

C«HjCH:CHCOOCeH5 

Phenyl cinnamate 


C6H5CH:CHC6H*. 

stilbene 


See also the decomposition of chlorobcnzyl-desoxybenzoin (p. 578) into benzoyl 
chloride and stilbene. 

Since it is an unsaturated compound, stilbene can exist in a second, stereoiso* 
DU'ric form. This isostilbene is a liquid, b.p. 143® (12 mm.), and has a striking 
flower-like smell. It is obtained by reduction of tolane (p. 561) or isobromostil- 
bene (p. 569) with zinc dust and alcohol (Straus, Ann. 342, 208). It can also be 
obtained from ordinary stilbene by irradiation in benzene solution with ultra¬ 
violet light (Stoenner, Ber. 42, 4871), when the polymer, distilbene, C 28 H 34 , m.p. 
163®, is also formed (Ciamician, Ber. 35, 4129). It is converted into the stable, 
solid form of stilbene by the addition of traces of iodine or bromine, distillation 
under ordinary pressure, or by the action of the vapour of fuming nitric acid. 
Isostilbene has the m-configuration: HC* Calls. In agreement with this for- 

mula lies the fact that it can be obtained from ds-a-phenyl-cinnamic acid by loss 
of carbon dioxide. The ^rarts-allo-a-phenyl-cinnamic acid gives stilbene, to 
which is ascribed the fmr?s-configuration, HC • CeHt, under the same treatment 


CJEI^CH 

(jStoermer, Ann. 409, 13). 

When heated with hydriodic acid, stilbene is converted into dibenzyl. Halo¬ 
gens and halogen acids add on to stilbene, forming stilbene dihalides and halogen 
derivatives of nydrobenzoin, respectively. Chromic acid oxidises it to benzalde- 
hyde and benzoic acid. By heating for a long time with sulphur to 250°, it is 
converted into thionessal, or tetraj:>henyl-thiophene. On heating to redness it 
gives phenanthrene. Stilbene combines with N 2 O* and N 2 O 4 to give CuH^- 
(NiOj) and Ci 4 Hi 2 (N 204 ). By boiling with glacial acetic the former is partially 
decomposed into the latter, which is regarded as diphenyl-dinitroethane, C 4 H 4 - 
CH(N 02 ) •CH(N 02 )C«Hj, a-modification, m.p. 236° (dccomp.), /3-modifica¬ 
tion, m.p. 150-152° (c/. p. 564 and Schmidt, Ber. 34, 3536). When treated with 
sodium methylate this compound splits off a molecule of nitrous acid, giving a- 
nitrostilbene, C 6 H 6 CH:C(N 02 )C 6 H 5 , m.p. 75°, which can also be obtained by 
condensation of phenyl-nitromethane and benzaldehyde with aliphatic bases 
(Knoevenagel, Ber. 37, 4509). When a-nitrostilbcne is heated with methyl alco¬ 
holic potash, and then with hydrochloric acid, it is converted, via a number of 
intermediate products, into the isomeric benzil monoxime, CeH 5 COC(NOH)C 4 H 4 
(Meisenkeimer, Ann. 355, 269). 

a-Methylstilbene, CeH 4 C(CHi):CHC*H 6 , f.p. 83°, b.p. 183° (26 mm.), and 
a-ethylstilbene, m.p. 57°, b.p. 296°, are obtained from dcsoxybenzoin and 
methyl- or ethyl-magnesium iodide, respectively. They can also be obtained 
from acetophenone by the action of ben^l magnesium chloride (Hell; Ber. 37, 
457; Klages, Ber. 37. 1450: Tiffeneau, Cf.r. 139, 481). 

StUhenes substituted in the benzene nucleus are obtained from substituted 
benzyl- or benzal chlorides, and by condensation of substituted benzaldehydes 
withphenylacetic acid. Thus, o.o'-dichlorostilbene, (CIC 6 H 4 ‘ 011 ) 2 , m.p. 97°, is 
obtained from o-chlorobenzal cnloride by the action of copper, and dichloro- 
dinitrostilbene, m.p. 294°, is obtained by the action of alcoholic potash on chloro- 
nitrobenzyl chloride (Witt, Ber. 25, 79; Chreen, J. 85, 1736). 

Like the two stereoisomeric stilbenes, many of the substituted stilbenes can be 
converted into tso-forms by irradiation with ultra-violet light (Sioermer, Ann. 409, 


DIHYDROXYSTILBENE 


561 


29; Ber. 55,1232). Some members of this series show chromoisomerism. Thus 
4-nitro^^-hydrox7Stilbene and its methyl ether can exist in a golden yellow and 
a greenish yellow form. 2,4-Dinitro>4'hydroxystilbene, m.p. 158®, exists in a 
yellow and a red form {Sioeriner, Ber. 55, 1232; Cullinane, J. 123, 2053). 

o,p-Dinitrostilbene, (Npf)2[2,4]C8H3CH:CHC«H6, m.p. 140®, obtained from 
benzaldehyde and o,p-dinitrotolueno with piperidine as condensing agent, gives 
o-nitro>p-amino8tilbene, m.p. Ill®, when partially reduced with ammonium sul¬ 
phide. With stannous chloride it is reduced to o-amino-p-nitrostilbene, m.p. 
143®, and then to o,p<diaminostilbene, m.p. 120®. By the action of alcoholic 
potash on o- and p-nitrobenzyl chloride, two isomeric o.o'-dinitrostilbenes, m.p. 
126® and 196®, and p,p''dinitrostilbene8, m.p. 210-216® and 286®, are form&l 
{Bischoff, Ber. 21, 2072; Walden, Ber. 23, 1959; Fischer, Ber. 2d, 2232). On 
reduction, these compounds give the corresponding diaminostilbenes. p,p'-Di- 
nitrostilbene-distdphonic acid is produced oy the oxidation of p-nitrotoluene- 
sulphonic acid with alkali hypochlorite. o,o'-Dinitrodibenzyl-disulphonic acid 
is first formed. Further oxidation gives rise to p-nitro-benzaldchyde-o-sulphonic 
acid (Herz, Proc. 1897, 125; Ger. Pat. 106,961). o,o'-Diaminostilbene, cis- 
form, m.p. 123°, ^mri.?-form, m.p. 168°, gives a good yield of indol when 
equivalent quantities of the hydrochloride and the base are heated. Aniline is 
split off {Thiele^ Ber. 28, 1411); c/. on the other hand, o,o'-diaminodibenzyl, 
p. 559. The disulphonic acid of p,p'-diammostilbene, m.p. 227®, gives a 
diazonium compound, brilliant yellow, when diazotised and combined with phenol. 
The mono-ethyl derivative of the latter. 


CH • CJl3(S03H)N: NC8H4OH 
CH • C8ll3(S03H)N: NC8H40C2H5 


is the substantive cotton dye, dirysophervin {Meyer, Ber. 27, 3357). For further 
dyestuffs derived from stilbene, see Ger. Pat. 46,971 (see also benzidine dyes, 
p. 499). For the electrolytic reliction of nitrostilbene to cyclic azoxy-> and ozo- 
etilbenes, see FAhs, Z. Elektrochem. 9, 416. 

o-Hydroi^stilbene, rn.p. 147° {Kostanecki, Ber. 42, 825). p-Hydrozystilbene, 
m.p. 189°, see Ztneke, Ann. 349, 107. 

o, o'-Dihydroxystilbene, m.p. 92®, is obtained, together with other products, by 
boiling salicylaldehyde with zinc dust and glacial acetic acid (Tiemann, Ber. 24, 
3175). 

p, p'-Dihydroxystilbene, m.p. 281®, is obtained from the condensation product 
of phenol and chloral, as-diphcnol-trichloroethane, (HO[4JC6H4)jCHCCl3, by 
treatment with zinc dust or iron powder. At low temperatures bromine adds on 
to it forming p,p'-dihydroxystilbcne dibromide, which has the nature of a 
pfiewdo-phenol, and that of an aliphatic bromide. When treated with sodium 
acetate it splits off two molecules of hydrogen bromide forming stilbene-quinone, 
0:C6H4:CH •CH:CcH 4:0, bright red needles. This compound can also bo ob¬ 
tained dire(;tly from p,p'-dihydroxystilbene by oxidation with lead dioxide or 
ferric chloride. Chemically it resembles the simple methylene-quinones {Zincke. 
Ann. 335, 157; Willsiditer, Ber. 39, 3490). At mgher temperatures chlorine ana 
bromine simultaneou^y substitute and add on to p,p'-dihydroxystilbene, form¬ 
ing tetrachloro- and tetrabromo-p,p'-dihydroxystilDene dichloride, or dibromide, 
respectively. With alkalh these compounds give tetrabromo- and tetrachloro- 
stilbene-quinones, 0:(C6Cl2H2) :CH-<JH:{C«Cl 2 Ha) :0, respectively. They are 
difficultly solublo substances, which resemble amorphous phosphorus In appear¬ 
ance {Zincke, Ann. 325, 19). 

3,5,3',5'-Tetramethyl-4,4'-stilbene-quinone, 0:C6H2(CH2)2:CH—CH: (CHs )2 
C6H2:0, is obtained by oxidation of mesitol with silver oxide {Goldschmidt, 
Ber. 56, 1963). 

3,4-Methylene-dioxystilbene, CH202C8H3CH:CHCeH5, m.p. 96®, is obtained 
from piperonal (p. 349) and benzyl magnesium chloride {Hell, Ber. 37, 1431). 


TolanCi diphenylacetylenej C 6 H 5 C:CC 6 H 62 m.p. 62.5®, is obtmned 
by the action of mercuric oxide on benzil-dihydrazone, and splitting 
off nitrogen from benzil-diazide (Schlenk, Ann. 463, 76). It is also 
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obtained by boiling stilbene dibromide with alcoholic potash, and by 
the action of sodium ethylate on os-diphenylchloroethylene, (CaHs)^* 
CrCHCl, when diphenylvinylethyl ether (p, 553) is a by-product. 

The substituted tolanes are more smoothly obtained by the last-mentioned 
method: 4,4'-dimethyltolane^ m.p. 136®, 4,4'-dimethozytolane, m.p. 145®, ob¬ 
tained from ditolyl- and diamsyl-chloroethylene, respectively {Butteribera. Ann. 
279, 324). o,o'-Dichlorotolane, m.p. 89®, from o,o'-dichlorostilbene dichloride. 
Tetrachloro-p-dihydroxytolane, m.p. 226®, see Zincke, Ann. 338, 236. 

Tolane adds on two and four halo^n atoms, and gives tolaiie di- and tetra¬ 
chloride (p. 568). The tolane chlorides can also be obtained by the action of 
calcium carbide and chlorine on benzene {Davidson, Am. 40, 397). a-Tolane 
dichloride, C^ 5 —C-C1=C«C1—CeH*, m.p. 143®. They lose the elements of 
water when treated with glacial acetic acid and sulphuric acid, forming desoxy- 
benzoins. By the action of oxides of nitrogen on tolane, a- and ^-diphenyl- 
dinitroeihylene, CaHiCCNOj) :C(NOa)CJH 8 , m.p. 186-187® and 105-107®, regpec- 
ti/ely, are formed {Schmidt, Ber. 34, 619). p,p'-Dinitrotolane, yellow leaflets, 
m.p. 207-210®, is obtained oy the action of caustic potash on p,p'-iinitrostilbene 
dibromide. On reduction it gives p,p'-diaminotolane, in.p. 236®, which is con¬ 
verted into diamino-desoxybenzoin, m.p. 145®, on warming with dilute acids 
{Reinhardt, Ber. 46, 3598). 

o,o'-Dinitrotolane, m.p. 192-193®, is obtained by the action of alcoholic potash 
on nitrobenzal chloride, or from o,o'-dinitrostilbene dichloride. o,o'-Diamino- 
tolane, m.p. 154®, is obtained by reduction of the nitro-compound {Kliegl, Ber. 
44, 1209; Pfeiffer, Ber. 45, 1828; Rnggli, Ann. 392, 92). It reacts with succinyl 

C 8 H 4 -C:C-C 6 H 4 

chloride, forming cyclosuccinyl-diaminotolane: I | 

NHC0(CH,)2-C0'NH 

m.p. 237-238®, a compound with a 12-membered ring and a triple bond. By 
reaction between the diamines and the correvsponding chlorides, rings with up to 
17 members can be prepared {Ruggli, Ann. 399, 174). 

o,p-Dinitrotolane, a yellow substance, m.p. 112®. 

1 . ALCOHOL AND KETONE DERIVATIVES OF DIBENZYL: 

CJI 5 CHOH G.H6Q0 CeH 5 CHOH C»H 8 CO CJIj-CO 

c.h,(!)h, cjitin, cjisinoH c^h.^hoh 

Stilbene hydrate Desoxybenzoin Hydrobenzoin Benzoin Benzil 

Stilbene hydrate, ben^^yl-phenyl carbmol, CzHs'CHCOH) -CHz'CJEs, m.p. 67®, 
is obtained by the reduction of desoxybenzoin with sodium amalgam, and by the 
action of benzaldehyde on benzyl magnesium chloride. Benzyl-phenyl-methyl- 
carbinol, C.H,C(0]rt) (CH,) ClitCrfl., m.p. 51% b.p. 175“ (15 mm.), is obtained 
in a similar way by the action of acetophenone on benzyl magnesium chloride, or 
by the action of methyl magnesium iodide on desoxybenzoin. Benzyl-phenyl- 
methyl carbinol loses water with greater difficulty than stilbene hydrate {Hell, 
Ber. 37, 456; Klages, Ber. 37, 1450). 

Desoxybenzoin. benzyl-phenyl ketone, C 6 H 6 CH 2 COCeH 8 , m.p. 60®, b.p. 314®, is 
obtained by distilling a mixture of calcium benzoate ana calcium a(-toluate, by 
the action of a-toluyl chloride on benzene in the presence of aluminium chloride, 
^ reduction of benzoin with zinc and hydrochloric acid {Meyer, Ber. 21, 1296; 
Stobbe, Ber. 35, 912), by the action of zinc and hydrochloric acid, or of hydriodic 
acid on chlorobenzil or benzil {Japp, J. 63, 770; Thiele, Ann. 319, 252), and by 
heating monobromostilbene with water to 180-190®. One of the H atoms of the 
methylene group of desoxybenzoin can readily react with sodium and be replaced 
by alkyl, but not the second {Meyer, Ber. 21, 1297; Buddeberg, Ber. 23, 2072). 
MethyK isobutyl- and cetyl-desoxybenzoin melt at 58®, 78®, and 76®, respec¬ 
tively i^udborough, Ber. 25, 2237). AUyl-desoxybenzoin, see Danihw, J. Russ. 
Phys.-Chem. Soc. 51, 128, where doubly-substituted desoxybenzoins are also 
dealt with. Deso^benzoin-oxime melts at 98®. Isonitroso-desoxybenzoin, 
obtained by the action of nitrogen trioxide, is identical with a-benzil-monoxime. 
Desoxybenzoin gives dibenzyl when reduced with hydriodic acid; see also stilbene 
hydrate. 
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Formyl-desoiqrbenzoin is obtained from desoxybenzoin by condensation with 
ethyl formate in the presence of sodium ethylate. It occurs in two desmotropic 
forms, an enol-keto form, C6H6-C==CHOH, m.p. 76-80®, yellow in colour, and 

cai.(!==0 

an aldo-ienol form, C«H6*C—CHO, m.p. 112-113®, which is colourless (WisH- 


C.HjCOH 
ceniLSf Ann. 379, 252). 

When desoxybenzoin is nitrated, o-nitrodesoxybenzoin, C6H4(N02)CHjC0CJI», 
is formed. When this compound is reduced, oc-pheny 1-indole is formed, 

CeH 4 y ^CCeHj. Desozytoluin, CH 8 CftH 4 CH 2 COC 6 H 4 CHi, desozyanisoin, 


CHa 0 C«H 4 CHa'C 0 CeH 40 CH 8 , are obtained from the corresponding tolanes 
(Buttenberg, Ann. 279, 335, 339). By the action of thiocarbonyi chloride or car¬ 
bon disulphide and caustic potash on deso^benzoins, desaurins are obtained. 
These form fiery golden-yellow crystals, which dissolve in sulphuric acid with a 
violet colour. The constitution of these compounds is still unknown, but pos¬ 
sibly the simplest desaurin has the composition C«H8COC(CS)C6H6 {Wackier, 
Ber. 25, 1731; Ber. 25, 2239; c/. Apitzseh, Ber. 37, 1599). Mono- 

and polyhydrozy-desoxybenzoins, see Mo. 26, 927: Chapman, J. 123, 404. 

Hydrobenzoin, toluylene glycol, C«H 6 CH(OH)CH(OH)C 6 H 5 , has two asym¬ 
metric carbon atoms, and occims in two optically inactive forms {Anschutz, 
Ann. 259, 100), hydrobenzoin, m.p. 134®, and iso-hydrobenzoin, m.p. 119®. 
The latter has been resolved into two optically active components. Both 
forms are produced, together with benzyl alcohol, by the action of zinc and 
hydrochloric acid on benzaldehyde, or by reduction of benzaldehyde with sodium 
amalgam. They can also be obtained by electrolytic reduction of benzaldehyde 
(Kaiiffmann, Z. Elektrochem. 2, 365). They can also be obtained from stilbene 
dibromide or dichloride, if this is converted by means of silver acetate or benzoate 
into the ester of hydrobenzoin, which is then hydrolysed with alcoholic ammonia. 
With potassium acetate it is chiefly iso-hydrobenzoin that is formed, but with 
silver oxalate, mainly hydrobenzoin. Hydrobenzoin is obtained together with 
a little iso-hydrobenzoin by the reduction of benzoin with sodium amalgam 
(method of preparation) {Weise, Ann. 248, 36). Hydrobenzoin is difl5cultly 
soluble in water. It crystallises in rhombic tablets and sublimes without de¬ 
composition. Its diacetvl ester, m.p. 134®, is obtained by the action of zinc 
dui|t on benzaldehyde and acetyl chloride {Pool, Ber. 16,636). iso-Hydrobenzoin 
is more easily soluble in water, and crystallises in prisms containing water of 
crystallisation, but which soon effloresce. Its diacetyl ester is dimorphous, one 
form ciystallising in leaflets^ m.p. 118®, the other in prisms, m.p. 106®. By 
crystallisation from ether it is possible to resolve i«o-hydrobenzoin into enantio- 
moiphic dextro- and laevo-rotatoiy crystals {Erlenmeyer, Jr,, Ber. 30, 1531). 
Both give diphenylacetaldehyde, (CeHsla-CH-CHO, when act^ upon with sul¬ 
phuric acid. Mono-substituted hydrobenzoins react according to tne conditions 
and the nature of the substituents, either in the same way (f) or with formation of 
desoxybenzoins {2) or a,a'-diphenyl-ketones (5): 


Cell.—C(OH)—CH(OH)-~C.Hi 


(f) (C6H6),:C—CH=0 d-HjO 

k 


-> {2) CeHs—CH—CO—C^Hs 4* H*0 
R 


-► (3) (C6H5)2==CH-C0—R + H 2 O 

{Tiffeneau, Bull. [4], 33 j 195; Roger, Ber. 62, 272). Both hydrobenzoins give 
benzaldehyde when oxidised with chromic acid or permanganate, and benzoin 
with nitric acid {Auwers, Ber. 24, 1776). Both react with phosphorus penta- 
bromide forming stilbene dibromide. CeHtCHBr^CHBrCeHi, m.p. 237®, which 
can also be obtained by the action of nromine on stilbene or dibenzyl. If stilbene 
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is brominated, in addition to a-stilbene dibromide, m.p, 237®, a more readily 
soluble jS-stilbene dibromide, m.p. 110® is obtained. This is produced in better 
yield from isostilbene, and on heating^ is converted into the higher melting form. 
The latter is converted by alcoholic potash into a liquid monobromostilbene, 
whilst the iS-dibroinide gives a solid monobromostilbene (First, Ber. 28, 2693) . 
With phosphorus nentachlorido both hydrobenzoins give a- and /?-stilbene di- 
chloride , m .p. 192 ®, and 93 ®, respectively. The a-compound can also be obtained 
from stilbene by the action of chlorine in chloroform solution. On heating to 
200®, the /3-form is converted into the a-form. 

Diphenyl-hydro^qrethylamine, CeH 6 CH(OH)CH(NH 2 )C*H 6 , m.p. 163®, and 
iso-dlphenyl-hydroxyethylamine, m.p. 129®, are obtained together by the reduc¬ 
tion of benzoin oxime, and by the action of benzaldchyde on bcnzylamine. It 
can also be obtained, together with phenyl-a-aminolactic acid (p. 420) by the 
action of glycocoll on benzaldehyde. The latter reaction is explained by the con¬ 
densation of benzaldehyde with bcnzylidine-glycocoll in two directions, according 
to the following scheme: 

CeHiCH: NCH • COOH CJIfiCf IN: CHCOOH 

(I) 1 4-CJUCH:NCH2C00H-^ I (II) 

HO • CHCeH, CeHjCIIOH 


(I) splits into benzaldehyde and phenyl-aminolactic acid, w^hile (II) splits into gly- 
oxylic acid and diphenylhydroxy-ethylamine. The two diastereoisomeric 
diphenylhydroxy-ethylamines can be resolved by means of their henzylidene com¬ 
pounds. Both are converted into iso-hydrobenzoin by nitrous acid. Both bases 
nave been resolved into optically active components (Read, J. 1927, 910; 1929, 
2305). The diphenylhydroxy-ethylamine with [a]i> =±=10®, apparently has the 
configuration of internally compensated hydrobenzoin, iijo-diphenylhydroxy- 
ethylamine with (aj© =**133.6®, has the configuration of iso-hydrobeuzoin. The 
quaternary ammonium bases obtained by exhaustive methylation of d i phenyl- 
hydroxy-ethylamines^ C«HbCH(OH) •CH(CeH 8 )N(CH 8 ) 30 H, are decomposed on 
heating with water into trimethylamine, water, and diphenyl-ethylene oxide, 

CeH66H' O m.p. 69®, and iso-diphenyl-ethylene oxide, m.p. 42® 

(Rahe Ber. 43, 88-4), 

Dipnenylethvlene-diamine, stilbene-diamine, CeHsCH (NHa)CH (NH 2 )CsHs, 
m.p. 91®, is obtained by reduction of benzil dioxime with sodium and alcohol. 
It IS resolved into two optically active components by crystallisation of its bi- 
tartrate (First, Ber. 28, 3167). Tetraphenyl-diethylene-diamine, or tetra- 
phenylpiperazine, NH[CH(CeH 5 ) •CH(CeH 5 )l 2 NH, is obtained by reduction of 
diphenyl-diiiitroethane (p. 559) or diphcnyldiuitroethylene (p. 561) with zinc 
dust and acetic acid. 

The dianhydride of an o,o'-dihydroxyhy<lrobenzoin, O • CJH«6 h •CHCai.T), has 

been obtained in two forms by reduction of salicylaldehyde with zinc dust and 
acetic acid. They melt at 68® and 114® (Harries, Ber. 24, 3175). 


Benzoini benzoyUphenyl carhinol^ CeH6CH(OH)COC6H6, m.p. 
134®, is obtained by the oxidation of hydrobenzoin with nitric acid, 
and by the condensation of two molecules of benzaldehyde in aqueous- 
alcoholic solution, in the presence of potassium cyanide. 


These reactions (for theory see Chalanay, Ber. 25, 293; Smith, Ber. 26, 60) 
which will als(» take place in the absence of water to give an addition product o 
sodium cyanide and benzaldehyde, which slowly changes to benzoin (Morton, Am. 
52, 2031), also apply to other aromatic aldehydes (Ekecraniz, Ark. Kemi. Mineral. 
Geol. 3, No. 13; C. 1908, IL 1689). The ketonic-alcohols thus obtained, such as 
anisoin. CH 30 «C 6 H 4 CH( 0 H)C 0 C 6 H 4 * 0 CH 3 , from anisaldehyde, cuminoin from 
Guminal, etc., reduce Fehling's solution, becoming oxidised to the corresponding 
benzils. 

d- and 2-Benzoin are obtained by the action of phenyl magnesium bromide on 
d- and 2-mandelamides (Wren, J. 95, 1583), ana by the resolution of racemic 
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benzoin by means of and d-(a-phenylethyl)-semiearbazide {Hopper, J. 1928, 
2483). 

Benzoin is oxidised to benzaldehyde and benzoic acid by chromic acid, and to 
benzil by nitric acid. It is reduced to hydrobenzoin by sodium amalgam, and 
to desoxybenzoin by zinc and hydrochloric acid. On boiling with dilute caustic 
potash benzoin is unaffected if air is excluded, but if a current of air is passed 
through a large part of it is converted into benzilic acid (p. 55(5). When neatod 
with concentrated alkali, benzoin is converted partially into benzyl alcohol and 
benzoic acid, and on longer treatment, hydrobenzoin, stilbene hyarate, etc,^ are 
formed (Knoevenagel, Ber. 35, 1982). On treatment with acids decomposition to 
diphenylacetic acid can occur (Lachman, Am. 45, 1529). 

Bemoin-hydrazone, m.p. 75® {Curlius. J. pr. [2], 52, 124); semicarbazoni 
m.p. 206° {Biltz, Ann. 339, 257); phemjlhydrazone^ m.p. 158° and 106° {Smith 
Am. 16, 107); a-^xime, m.p. 152°, ^-oxime^ m.p. 99°. Acetyl-/3-bcnzoin oxime 
is converted into acetyl-/3-benzil oxime by oxidation with chromic acid, and this 
determines its configuration (Werner, Ber. 38, 69). Benzoin is alkylated by 
treatment with alcohols and hydrogen chloride, or silver oxide and alkyl halides: 
methyl-benzoin, C6H5CH(OCH3)COC®H5, m.p. 50°; ethyl-benzoin, m.p. 62°; 
isopropyl-benzoin, m.p. 72-75° {Fischer, Ber. 26, 2412; lender, Proc. 16, 6). 

The chloride ester of benzoin, desyl* chloride, CeHsCHClCOCflHs, m.p. 68°, is 
obtained by warming benzoin with thionyl chloride {Schroeicr, Ber. 42 , 2348); 
desyl bromide, CaHoCHBrCOCJIs, m.p. 55°, is obtained by acting on desoxy- 
benzoin with bromine. It reacts with aniline giving desyl anilide, benzoin-ani¬ 
lide, C«H6CH(NHC«H6)C0C«H&, m.p. 99°. This compound can also be obtained 
by heating aniline with benzoin. On heating with aniline hydrochloride to 160°, 
on the other hand, benzoinanil-anilide. C6H6CH(NHC6H6)C( :NC 6 H 5 )C 6 H 6 , m.p. 
125°, is formed, and with aniline ana zinc chloride at higher temperatures, di- 

NH—CJE14 

phenyl-uidole. C6H6(!^=====-i • CeH®, is formed {Bischler, Ber. 26, 1336; Japp, Ber. 
26, 2640). Benzoin-p-toluidide, C6H4CH(NHC»H4 CH8)COCeH6, m.p. 145°, is 
produced by the condensation of benzaldehyde and benzylidene-toluidine by 
means of potassium cyanide {Miller, Ber. 29, 1736; c/. on the other hand, pp. 
272, 413 and Miller, Ber. 31, 2699). Benzoin condeuscKS with o-diamines giving 
dihydroquijwxalines, and with urea and thiourea {Wtslice?ius, Ann. 248, 8) to 
give glyoxaline derivatives. It also condenses with nitriles forming oxazole- 
derivatives. For condensation products of benzoin with acetone, see Sfuith, Ber. 
26, 65, with pinacoline. Boon., J. 97, 1256; and with acetophenone, p. 574. 

Benzil, or dibenzoyl, diphenyl-glyoxalj C 6 H 5 COCOC 0 HB, m.p. 
90°, b.p. 347°, forms beautiful yellow prisms. It is the most readily 
accessible a-diketone. It is obtained by boiling stilbene bromide 
with water and silver oxide, and is obtained from benzoin by warming 
with concentrated nitric acid; c/. also isobenzil, p. 569. 

With hydrazine hydrate, benzil gives hydrazibenzil, CeB[ 6 C(N 2 H 2 )-COGJIs, 
and bishydrazibenzfl, C 6 H 6 C(NjH 2 ) •C(N 2 H 2 )CeH 5 , vrhich on oxidation give 
azibenzil, Cja.iC(N 2 ) -COCeH*, and bisazibenzil, CeHsCCN*) •C(N 2 )C 6 H 5 , respec- 
tively {Curtiua, Ber. 29, 775). When heated in indifferent solvents, azibenzil 
breaks downi into nitrogen and diphenylhetene (p. 554) {Schroder, Ber. 42, 2346), 
and 5ti}-azibenzil into nitrogen and tolane. Benzil monosemicarbazone^ m.p. 
175°, when heated with alcohol, loses water and becomes diphcnylhydroxy tnazine. 
Benzil disemicarbazone, m.p. 244°, see Biltz, Ann. 339, 243. Benzil-osazone, 
(C 6 H 6 ) 2 C 2 (NNHCiH 6 ) 2 , m.p. 225°, gives triphenylosotriazole on heating {Picket, 
Ann. 232 230; Purgotti, Gazz. 22, II, 611). An isomeric form of benzil-osazone, 
m.p. 208^. is obtained by the action of iodine and sodium ethylate or of air, on an 
alkaline-alcoholic solution of benzal-phenylhydrazone. Derivatives of this 
osazone are formed m a similar way. When heated above the melting point it is 
converted into the higher melting form {Ingle, Proc. 1895, 111; Biltz, Ber. 35, 
3519; Ann. 305, 170; 324, 310; Chattaway, Proc. 24, 175). 

* Desyl - C*H»CO—CH(C®H»)—. 
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By the action of 1 mol. of hydroxylamine on benzil, two isomeric benzil mon- 
oiimes, a- m.p. 134®j m.p. 113®, are formed. The a- is converted into the /J- 
monoxime by the action of hydrogen chloride and glacial acetic acid, by heating 
to the melting point, or heating with alcohol to 100®. With hydroxylamine, a- 
and ^-benzil-dioxime are formed {Auwers, Ber. 22 , 540, 709). When heated, 
both monoximes break down into benzonitrile and benzoic acid. Benzoin-oxime 
is reduced by stannous chloride and hydrochloric acid to desylamine, CaHtCH- 
(NH 8 )COCaH 6 , m.p. 109® (Pschorr^ Ber. 35, 2740). For the action of phenyl- 
hydrazine, see Auwers, Ber. 26,792; Minunni, Gazz. 22 , II, 183. The behaviour 
oi the benzil monoximes as regards the Beckmann transformation is interesting. 
a-Monoxime (f) gives bcnzoyl-benzimide-chloride (;^), which readily decomposes 
into benzonitrile and benzoyl-chloride; the jS-monoxime (3), on the other hand, 
gives benzoyl-formanilide-chloride (4) {Beckmann^ Ann. 296, 279; Werner, Ber. 
37, 4295): 


(I) 


CaHa—C^-CO-CeH* 

HO—It a 


C,Hr-C—Cl 

(«) II 

cja,co-N 


(S) 


C,Ht—C—CO-C,H» 


/S N—OH 


a—c.—co-cja. 


In the first case, the hydroxyl radical has changed places with the benzoyl radical, 
and in the second with the phenyl radical. Since, according to the work ot 
Mdsenkeimer, the Beckmann transformation is in general a ^^trans''-exchange, 
this makes the a-monoxime the a;^^^-benzoyl form, and the /3-monoxime the syn- 
bonzoyl form. There is evidence for this in the fact that triphenyl-isoxazole gives 
benzoyl-jS-benzil-monoxime when ozonised (Meisenheimer, Ber. 54, 3206). 

By the action of 2 mols. of hydroxylamine on benzil, two benzil-dioximes are 
formed, a- m.p. 237®, /S- m^. 207®. A third, 7 -dioxime, m.p. 166®, is obtained 
from /3-bonzil-monoxime. The most stable is the /5-dioxime; the other two read¬ 
ily pass into this one. Under certain conditions the 7 -dioxime will pass into the 
a-form {Beckmann, Ann. 274,33). Meisenheimer ascribes the following formulae 
to the three dioximes: 


CeHiC—CCeHfi 

hoA Aoh 


C,H,-C-C-C»H. 

iloH HOll 


CJEI,C-CCiH, 

Hol Hoir 


a-Dioxime, m.p. 237^ 
(anlt-form) 


/3-Dioxime, m.p. 207** 
(«yn-form) 


'y-Dioxime, m.p. 166** 
(amp Ai-form) 


With acid anhydrides, three different esters are formed: benzil-dioxime-diace- 
tate. a- m.p. 148®, /5- m.p. 124®, 7 - m.p. 114®. While the a- and /3-diacotates 
are nydrotysed to the oximes by caustic soda, the 7 -acetate gives an anhydride 

I yo, diphenylfurazane , which is also formed from all three dioximes 

by splitting off water. When oxidised with alkaline potassium ferricyanide or 
s^ium hypochlorite, all three dioximes are converted into diphenylfuroxane, 
CeHs • C C—CeHs 

I \ , m.p. 114® (formerly called diphenylglyoxime-perozide). 

•ON—O 


When this is rapidly heated it passes into phenyl isocyanate, apparently with pri¬ 
mary dissociation into 2 mols. of benzonitrile-oxide (p. 313) {Wieland, Ber. 42, 
806). 

In this case too, a satisfactory picture of the behaviour of the three dioximes 
with regard to the Beckmann transformation is given by Meisenheimer's theory 
that the oxime hydroxyl preferentially changes places with the group in the 
frans-position (Meisennkmer, Ber. 54, 3206 ; 57, 276). 

/. a^BenzU-dioxime, when acted upon by phosphorus pentachloride gives 
chlorides, of which first the one and then the other hydroxide poup changes 
places, which can be converted into the anhydrides dibenzenyl-azoxime and 
diphenyl-hydroxy biazole: 



BEltzIL 
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CJIiC—CCtH, 

Hoir Iron 

a^Benzil-dioxime 


C,H, 0[H HOl 

V A 
-A 




N- 


Dibensenyl'Exoxime 


N- 

I 

it 


-N 

h. 

I 


C.H, 


H OH] 


Diphenyl-hydroxy biaiola 

II. y-Bemil-^ioxime also gives dibenzenyl-azoxime in the first stage, which 
undergoes a double place exchange with formation of phenyl-benzoyl-urea: 


C.H,.C-C.C.H 5 

ll-OH A-OH 

7 -Benzil-dioxime 


HO—O 


N*C«H, 



Phenyl-benxoyl'urea 
(enol form) 


///. The fi-dioxime gives oxanilide, by means of a double place exchange: 

CeHj • C-C • CflH# HO—C-C—OH 

Ir-OH HO-A ^ A— C,H, CeHt—A 

/3-Benxil-dioxime Oxanilide (enol form) 

The 7 -diacetate readily passes into diphenylfurazane, which, according to the 
above scheme, would be expected from the /5-diacetate. For this anomaly, see 
Meisenheimer, Ber. 57, 276. 

The analogy between the benzil-dioximes and the osazones of ethyl dioxysuc- 
cinate (p. 151) is interesting. The latter occurs in three isomeric forms, of which 
one is stable, and the other two labile, so that it is likely that the same type of 
isomerism underlies both sets of compounds (Anschutz, Ber. 28, 64). 

When benzil is heated with aniline to 2(X)®, henziUmonoanU, CeH^CO-C- 
(NC«Hj)C6Hi, m.p, 106®, is formed. With phosphorus pentoxide this gives 
benzil-^anil, C*H6C(NC6H8)C(NC^6)CeHs, m.p. 142® {Siegfeld, Ber. 25, 26(X); 
Lachowicz, Mo. 14, 279). As an o-diketone, benzil is capable of entering into 
reactions which give rise to heterocyclic rings. It condenses with ethylene di¬ 
amine to give a dihydropyrazine derivative. With ortho-diamines it gives 
quinoxalines, and with o-aminodiphenylamine it gives a so-called stilbazonium 
base. With urea and thiourea it gives ureides and diureides, and with semicarba- 
zide it gives hydroxy-diphenyltriazine, etc. It is converted into desoxybcnzoin 
by reduction with hydriodic acid, and it is oxidised to benzoic acid by chromic 
acid. On standing with potassium cyanide and alcohol it undergoes fission into 
benzoic acid and benzaldehyde. 

For the condensation of benzil with acetone, diethyl malonate, ethyl acetoace- 
tate, laevulic acid, etc., see Japp, J. 67,132; J. 69, 736; Proc. 1895, 146; J. 71, 
123; 83,279; Proc. 21, 152; J. 87, 673. 

The conversion of benzil into benzilic acid by fusion with caustic 
potash, or boiling with alcoholic potash is important: 


C,H4C0C0C*H, (Cai,)jC(OH)COOH. 


For this reaction it is necessary to use equimolecular quantities of benzil and 
alkali. At first an addition compound is formed, which with water breaks down 
into its components again, but on standing with excess alkali, or warming, it is 
converted into benzilic acid (Scheuing, Ber. 56, 252: Evans, Am. 52, 252). 
Benzoic acid is formed as a by-product; the quantity of it formed depends on the 
amount of water present (Lachman, Am. 46, 779). 

l^nzil mves a deep red di-^tassium compound with metallic potassium. This 
compound will combine with a further molecule of benzil giving a quinone-like 
product which is deep blue in colour: 
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CJHr-C—OK 

C«Hr-S—OK 
(deep-red) 


CeHr~C—OK... .Q=C—C.H, 
c,H,—1:— OK... .o=(!;—c,irj 

(deep>blue) 


/ 


The di-potassium compound is affected by oxygen and moisture. Its constitu¬ 
tion as a stilbene-diol-dipotassium follows from its reaction with acetic anhydride, 
when it gives stilbene-diol-diacetate (Slandinger^ Helv. 5, 703). 

With phosphorus pentachloride, benzil gives chlorobenzil, C 6 H 5 COCCl 2 C#H 4 , 
m.p. 61 , and further tolane-tetrachloride, CeHsCCUCCUCelis, m.p. 163®. The 
latter can be obtained synthetically by heating benzotrichloridc with copper. On 
heating with glacial acetic acid or sulphuric acid it gives benzil. 

By nitration, benzil yields: 3,3 '-dinitrobenzil, m.p. 132®; by stronger action, 
3,5,3',5'-tetranitrobenzil, m.p. 179® (Chattaway. J. 1927, 577). 2,4-Dinitro- 
benzil, m.p. 105®, is obtained from 2,4-dinitro-8tilbene {Bishop^ J. 121, 2364). 

For chlorobenzils, phenylbenzils, hydroxybenzils, and their derivatives see 
Go7nberg, Am. 51, 2238; Asahina, Ber. 62, 171; Brass, Ber. 63, 2617. Although 
beazil itself is yellow in coloiu*, some of the hydroxy- and methoxy-benzils are 
pure white. Many of them dissolve giving a yellow solution. The explanation 
of this phenomenon is thought to be connected with the supposed presence of 
peroxide-like linkages, which possibly also explains the lack of reactivity of these 
compounds towards ketone reagents: 


CcHft—C==C—CeHi 

u 


(Schonberg, Ber. 55,1174,3763 j Marsh, J. 127,1633). Optical experiments have 
not, however, confirmed this view (Burav)oy, Ber. 65, 1068). 

Methoi^benzils can be converted into phenanthraquinone derivatives by means 
of aluminium chloride (Brass, Ber. 63, 2613, 2617). 

Anisilj (C3H|0*C«H4C0)t, m.p. 133**, and cuminil (CsHt* 0611400)2, m.j>. 84®, 
are obtained by the action of nitric acid on anlsoin and cuminoin (p. 564) in just 
the same way as benzil is obtained from benzoin. Anisil and a heramethoxy- 
benzU, [(OH20)806H200l2, m.p. 189®, are also obtained by alkaline reduction of 
anisamide and trimethylgallamide (Marx, Ann. 263, 249). These compounds 
form anisilic acid, cuminilic acid, and hexamethoxybenzilic acid when fus^ with 
potash (p. 556). 

The osazones of various substituted benzils, such as salicil, cuminil, anisil, 
piperil, are obtained in a similar manner to benzil-osazone, oy the action of 
atmospheric oxygen on alkaline-alcoholic solutions of the phenylhydrazones of the 
corresponding aldehydes (salicyl-aldehyde, piperonaL etc.) (Ann. 308, 1). 

p,p '-Tetramethyldiamino-benzil, (C5H2)2NCeH4 * (JO • COCeH 4 N (CH 8 ) 2 , m .p. 
198®, is obtained by warming oxalyl chloride with excess of dimethylaniline 
(Staudinger, Ber. 42, 3487). 

ALCOHOLIC DERIVATIVES OF STILBENE. These compounds are 
unknown in the free state. When their esters are hydrolysed the isomeric ketones 
are usually obtained (cf, phenyl-vinyl alcohols, p. 456) : 

HtO 

bromostilbene, CaHsCBrrCHCeHg — ■« ■ > CeH^CO • CHaCeH#, desoxybenzoin; 

isobenzil, C6H6C(OCOCeH6): C(OCOC6H6)C.H6-> 

C6H4C0 CH( 0 H)C 6 H 5 , benzoin. 

However, benzoin reacts ve^ often as if it were an unsaturated glycol of the 
formula, C6H6C(OH) :C(OH)(jiH 5 , e.g., with mercaptans it gives ethers of the 
corresponding dithioglycol: dithioethyl-stilbene, .C«H*C(SC 2 H 5 ):C(SCtH»)C6H*, 
m.p. 105® (Posner, Ber. 35, 506). 

Monochlorostilbene, CeHsCHrCClCeHft, is an oil, b.p. 320-324®. It is ob¬ 
tained by the action of phosphorus pentachloride on desoj^benzoin, and by the 
action of alcoholic potash on stilbene dichloride. When boiled with glacial acetic 
acid it is converted into an isomeric form m.p. 54® .and with chlorine and bromine 
it gives cbiorostilbene dicMoride, CeHiCCli'CHClCA, m.p. 103®, and chloro- 
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stilbene dibromide, m.p. 127® (Siulborough, J. 71, 218). Methyl chlorostilbene 
is obtained in a similar way from methyl<desoxybenzoin. It has the formula 
CeH 5 C(CH 3 ) iCClCeHs, and is an oil, melting at 118® {Sudhorough^ Ber. 25, 2237; 
Chem. News 72, 188). Monobromostilbene, m.p. 31®, is obtaincMl by the action 
of alcoholic potash on /S-stilbene-dibromide (p. 564) while ot-stilbene dibromide 
pves a liquid isobromostilbene, m.p. 19®. On heating the liquid form turns 
into the solid. Isobromostilbene gives the liquid isostiloene when ^leduced with 
zinc and alcohol (p. 560). 

POLYNITROSTILBENES are obtained by condensation of polynitrotoluenes 
with aromatic aldehydes {Thiele, Ber. 34, 2842). 2,4>Dinitrostilbene, m.p. 
143-145® {Paatak, Bull. [4], 39, 72). 

Diacetoky-stilbene, stilbene-glycol diacetate, CeHsCCOCOCH*) :C(OCOCHj)- 
CeHs, a-form m.p. 153®, j3-form m.p. 110®, is obtained by the reduction of benzil 
by means of zinc dust and acetic anhydride and sulphuric acid {Thiele, Ann. 306, 
142). 

Isobenzil, stilbene-glycol dibenzoate, CeHiCCOCOCtHs) :C(OCOCH 3 )C 6 Hsj 
m.p. 156®, is obtained by the action of sodium on an ether solution of benzoyl 
chloride. When hydrolysed with alkali it is broken down into benzoic acid and 
benzoin {Klinger, Ber. 24, 1264). 

Dichlorostilbene, tolane-dichloride. C«H*CC1: CClCeHsj is known in two forms, 
a- m.p. 143®. m.p. 63®; both are ootained by the addition of clilorine to tolane, 
or by the reduction of tolane tetrachloride with iron and acetic acid. They are 
also formed by the action of caustic potash on chlorostilbene dichloride (see 
above). In a similar way chlorostilbene dibromide yields chlorobromostilbene, 
CaHsCCl:CBrC^Hs, m.p. 174®. Dibromostilbene, a- m.p. 208®, /S- m.p. 64°, is 
obtained by the action of bromine on tolane. For '-dihydroxy-derivatives of 
dichlorostilbene and their conversion into methylene-quinones of the dibenzyl 
series, see p. 340 and Zincke, J. pr. [2], 59, 228; Ann. 325, 67. 

S. CARBOXYLIC ACIDS OF THE DIBENZYL GROUP. These may bo 
considered under two heads; (a) those in which the carboxyl group is in the 

phenyl radical^ and (6) those in which it is in the side-chain; these are diphenyl- 
ated fatty acids. A series of o-carboxylic acids obtained by condensations 
involving phthalic anhydride belong to the first group. 

(a) Dibenzyl-*p-monocarboxyiic acid, m.p. 173-174®, is obtained by condensa¬ 
tion with oxalyl chloride in the presence of aluminium cliloride {Liehermann, Ber. 
4S, 1186). Dibenzyl- 0,0 and Tp,'p '-dicarboxylic acid, COOHC#H 4 CH 2 • CH 2 C 6 II 4 - 
COOH, m.p. 231®, and over 320®, respectively, are produced by the oxidation of 
o- and p-toluic acids with potassium persulphate {rischer, Ber. 37, 3215). The 
latter can also be obtained from dibenzyl and oxalyl chloride, together with the 
monocarboxylic acid. 

Desozybenzoin-o-carboxylic acid, CeHi• CH 2 • COCeH 4 COOH(+H 2 O), m.p. 
75®, is obtained by boiling the corresponding lactone, benzylidene-phtiialide, 

C,H.CH:6c.H 4CO(!), m.p. 99®, w'ith alkali. The latter is obtained by condensa¬ 
tion of phthalic anhydride and phenylacetic acid, with loss of carbon dioxide. 

Benzalphthalide can be converted into isobenzalphthalide, CeHsC^icHCeHiCO?), 
m.p. 91®, via nitrobenzalphthalide. Isobenzalphthalide is the lactone of jS- 
desoxybenzoin-o-carboxylic acid, CeH*CO«CH 2 C«H 4 COOH, m.p. 163®. The 
latter can also be obtained from homophthalic anhydride (p. 393), benzene, 
and aluminium chloride {Graebe, Ber. 37, 377), as well as by decomposition of 
2-phenylhydrindone with caustic soda. Benzalphthalide undergoes another 
transformation under the influence of sodium ethylate, when the sodium salt of 
2-phenyl-diketohydrindeno (p. 600) is formed: 

CaJ»^:C 110 ,H 4 CO(!) <-C,H.CH;6ciiuCoi-» CJI.6 h C 0 C,H 4 ?: 0 . 

Isobeazalphthalide Benzalphthalide Phenyl-diketohydrindene 

N-NH 

Benzyl-phthalazone, CeH|CHtil7C6H4c!/0 , is obtained by the action of hydrazine 
on benzalphthalide. It is converted into benzyl-phthalimdine by reduction with 
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glacial acetic add and dnc. The latter has the formula, C*H(CHi • CHCiH^CO • 

isTH , and m.p. 137®. It is also obtained by the reduction of benzalphthalimidine 
{Brtymbetg, Ber. 29, 1434; Gabriel^ Ber. 29, 2743). For homologues of benzal- 
phthalide, see Bothmann, Ber. 32, 1104. etc. 

When phthalic anhydride is heated with homophthalic acid and sodium acetate, 
desoxybenzoin- 0,0 '-dicarboxylic acid, COOlf* C 6 H 4 CHjCOC^IiCOOH, m .p. 
239®, is formed (Ephraim^ Ber. 24, 2820). 

R^uction of desoT^benzoin-mono- and -di-Hsarboxylic acids gives rise to di¬ 
benzyl-mono- and -di-carboxylic acids. By oxidation of o-desoxybenzoin-car- 
bo^lic acid, benzil-o-carboi^rlic acid, CtHsCOCOCeHiCOOH, is obtained. It 
exists in two forms, a yellow form, m.p. 141®, and a white form, m.p. 125-130® 
(Graebe, Ber. 23, 1344; Auwers, Ber. 23^ 2079; Gabriel, Ber. 29, 2745; Sock, 
J. Phys. Chem. 2, 376). This isomerism is a special type of keto-hydroxylactone 
isomerism, as found in the esters and chlorides of o-benzoyl-benzoic acid (p. 522) 
(Hantzsch, Ber. 49, 213) 


C«H4<( 


COCOR 

COOH 


(yellow keto-form) 


OH 

Xh-GO—R 

O 

(colourless hydroxylactone-form) 


Benzil-o,o^-dicarboxylic acid, m.p. 273®, is known only in the colourless hy- 

droxy-lactone form, 6 oCJI.icOHxljOH • C.H. • CO(!), which gives a diacetyl 
derivative with acetyl chloride. However, it forms esters and salts of both forms. 
This compound is obtained by the oxidation of clirysoquinone, chrysoketone, or 
a-naphthol {Graebe, Ann. 311. 264; LHscheridorfer, Mo. 50, 97). It is also ob¬ 
tained by the action of glacial acetic acid and zinc dust on phthalic anhydride, 
followed by oxidation of the product, and by oxidation of: 

Diphthalyl, 6 oCC^: 6 ciHicob, m.p. 334®. This can be obtained by 
heating phthalonic acid (p. 440), by condensation of phthalide (p. 376) and phtha¬ 
lic anhydride with sodium acetate, or by the condensation of 2 mols. of the ester of 
phthalaldehydic acid with potassium cyanide, a reaction resembling the formation 

of benzoin. Tctramethoxy-diphthalyl, 6oCC,H,(OCH,) ,(!:: (!)C.H,(OCH,),Co6, 
is obtained in a similar way by condensation of ethyl opianate (p. 381). 

Dithiodiphthalyl, ^OC C 4 H 4 i: 6 c 6 H 4 CO^, greenish-yellow needles, m.p. 333®, 
see Ber. 31, 2646. 

Dihydrodlphthalyl-dumide, • COCja 4 iH • 6 hC,H 4 CO • ]?fH, m.p. 284" (de- 

comp.), a compound isomeric with indigo white, is obtained by conaensation of 
phthalaldehydic ester with methyl alcoholic ammonia (c/. Gabriel, Ber. 29, 2745). 

H^drodiphthalyl-lactonic acid, H 0 OCCJH 4 CHj- 6 hCJI.C 06 , m.p. 198°, is 
obtained by heating homophthalic acid to ^ 0 ® {Graebe, Ber. 31. 376). 

( 6 ) Dibenzyl-carbozylic acid, a-phenyl-hydrocinnamic acid, a,i3-diphenyl- 

E ropionic acid, benzyl-phenylacetic acid, CsH 6 CH 2 CH(CeHs)COOH, is obtained 
y reduction of phenylcinnamic acid. It occurs in three isomeric forms, with 
m.p. 95®, 89®, and 82^ (b.p. 335®) {Miller, Ber. 25,2017). Its nitrile is obtained 
by the benzoylation of benzyl cyanide. a-Phenyl-o-amiuohydrocinnamic acid, 
m.p. 148®, has been obtained by the reduction of. a-phenyi-o-nitrocinnamic acid 
(Bakunin, Gazz, 2S, I, 137). It readily passes into the lactam, /3-phenylhydro- 

< 0H2—CH Cells 

I , m.p. 174®. a,/3-Diphenylvaleric acid, CsHs- 
NH—'CO 

CH(CeHs)CH(C«H»)COOH, m.p. 178®; its nitrile, m.p. 115®, is obtained by 
the addition of ethyl magnesium iodide to ac-phenyl-cinnamyl nitrile. 
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Stilbene-earbozylic acid, a^phenylcinnamie acid, CeHBCH:C(CsH 5 )C(X)H, 
m.p. 172^, is obtained by the condensation of benzaldehyde with phenylacetic 
acid; allo-a-phenylcinnamic acid is formed at the same time (m.p. 137®) (Baku- 
nin. Gazz. 27, II, 48). If the components are heated to a higher temperature 
without the condensing agent, stilbene is formed, carbon dioxide being split off 
(von Walther, J. pr. [2], 61, 171). a-Phenylcinnamic nitrile, benzalbenzy] 
cyanide, m.p. 86®, obtained from benzyl cyanide, benzaldehyde, and sodium 
ethylate, gives the allo-form when irradiated with ultra-violet light. This form 
has b.p. 213-214® (23 mm.). a-Phenylcinnamic acid gives a-phenylhydrocin- 
namic acid on reduction, but does not add on bromine. By the action of bromine 
on the sodium salt, bromostilbene is formed (Muller, Ber. 26, 659). a-Phenyl- 
o-aminocinnamic acid, m.p. 186®, the reduction product of a-phenyl-o-nitrocin- 
namic acid, m.p. 196® (ootained by condensation of o-nitrobenzaldehyde and 
phenylacetic acid), gives 9-phenanthrene-carboxylic acid when itsdiazonium com¬ 
pound is shaken with copper powder (Pschorr, Ber. 20, 496; Stoermer, Ann. 409, 
24). The a-phenylcinnamic acid with m.p. 172®, and a-phenyl-o-nitro- and o- 
aminocinnamic acids, of m.p. 196® and 186®, respectively, must have the cis- 
arrangement of the two phenyl groups. By irradiation with ultra-violet light, 
a-phenyl-o-nitrocinnamic acia passes into allo-£K-phenyl-o-nitrocinnamic acid, 
which melts at 146-147®. Allo-phenyl-o-aminocinnamic acid is not stable in the 
free state, but it gives a carbostyril derivative (1); but its barium salt can be 
diazotised, which on boiling is smoothly convert^ into a-phenyl-coumarin, m.p. 
140® (i8). By replacement of the amino-group in allo-phenyl-o-aminocinnamic 
acid with hydrogen, allo-a-phenylcinnamic acid, m.p. 137®, is formed. Thus 
the allo-series has a <rans-arrangement of the phenyl groups (Stoermer, Ann. 409, 


.C6H4—CH 

™<CO-A 


!—CJH. 


(«) 


CO-S—C,H 


h 


«-Phenyl-coumarin is also obtained from salicylaldehyde and phenylacetic acid 
(von Walther, J. pr, [2J, 61, 178). The nitrile of phenyl-o-aminocinnamic acid 
is readily transformed into a'-amino-/3-phenylquinoline, so that in syntheses, the 
latter is obtained instead of the nitrile (Pschorr, Ber. 32, 3399). o-. m-, and p- 
Hydroxybenzalbenzyl cyanide, HOC 6 H 4 CH:C(CN)CftH 6 , m.p. 104®, 107® and 
192® (Borsche, Ber. 37, 3163). 

a-Stilbene-methyl-ketone, 3,4-diphenylbutenone-2, CeHsCH:C(C 5 H 6 )COCHj, 
m.p. 51®, is obtained from benzaldehyde and phenylacetone by the action of 
hydrogen chloride gas. It does not add on bromine, but gives 3,4-diphenyl- 
butanone-2, CeH 6 CH 2 -011(06116)000113, b.p. 310®, on reduction (Goldschmidt, 
Mo. 22, 659). 

Stilbene-propionic acid, 7 , 6 -diphenylailylacetic acid, 06H60H;0(06H6) • 
OH 2 OH 2 OOOH, m.p. 106®, is obtained by tne action of benzaldehyde and acetic 
anhydride on senium a-phenylglutarate (Fichter, Ber. 34, 4177). 

Desylacetic acid, i3,/8-phenylbenzoylpropionic acid, C6H5000H(06H5)0H2- 
OOOH, m.p. 161®, is obtained in the lorm of its ester from sodio-desoxybenzoin 
and ethyl bromoacetate (Thiele, Ann. 319, 164). It is also obtained from the 
chloride of /5-methyl hydrogen phenylsuccinate by the action of benzene and 
aluminium chloride (p. 435). When treated with acetic anhydride and sulphuric 


acid in the cold the acid gives the labile diphenyl-A^-crotonolactone, 06H66:0- 


(CJIs)CH»C0(!), m.p. 100®, which, on boiling with acetic anhydride, or alkalis, 

passes into the stable diphenyl-A^-crotonolactone, C6H6tH • C (CeHe): CHCoi, 
m.p.. 162®. Both lactones give desylacetic acid when treated with alkali; the 
stable diphenyl-crotonolactone when acted upon by permanganate or bromine 
gives desylene-acetic acid^ C6H6CO-C(Cells) :CHCOOH, m.p. 139®. This 
compound can also be obtained from desylene-malonic ester, the condensation 
product of benzil and diethyl malonate (Thiele, Ann. 319. 155). Desylacetic 
add and the stable diphenylcrotonolactone are also produced from / 5 , 7 -diphenyl- 
a-ketobutyro-lactone (1), the condensation product of phenylpyruvic acid and 
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benzaldehyde. Thia lactone gives a hydroxylactone (S) which, by loss of water 
gives diphenyl-A‘-crotonolactone (S), on reduction {Erlenmeyer, Ber. 31, 2218; 
Ann. 333, 160): 




OH-011(0,Hi)v 

A_co>“ 


( 2 ) 

0JI.0H-0H(0,H,)v 

^ >OHO]l 


OCK 

(3) 

0.H50H0(0,1Wx 

>0H. 
-00/ 


A- 


CeHfiCHCOOH 

Dibenzyl-dicarboxylie acid, .sj/m-diphenylsuccinic acid, I , like 

CeHBCHCOOH 

the sym-dialkylsuecinic acids, exists iu two isomeric forms; the a-acid (+ 2 H 2 O) 
has m.p. 185® (anhydrous 220®), and is obtained by condensation of two mols. 
of phenylbromoacetic ester with potassium cyanide. By the action of sodium 
amalgam on stilbene dicarboxylic acid, both the a- and 3-acids are formed. The 
3 -acid melts at 229®. The «-aeid is racemic, and can be resolved into its optical 
antipodes by moa ns of the brucine salt. The 3-acid is the mcso-compound ( Wren , 
J. 107, 144). With acetyl chloride, the a-acid readily gives an anhydride, but 
the 3-acid only with difficulty; a-m.p. 116®, 3" m.p. 112® (Poppe Ber. 23, 117; 
Tillmanns, Ann, 258, 87; Anschutz^ Ann. 259, 61). The nitrile, CeHsCIICCN*)- 
CH(CN)C6 Hb, a- m.p. 160®, 3- m.p. 240°, is obtained by the condensation of 
phenylacetonitnie with mandelonitrile by the action of potassium cyanide 
(Chalanay^ Ber. 25, 289; Smithy Ber. 26, 60) and by the addition of hydrocyanic 
acid to a-phenylcinnamonitrilo (Knoevenagel, Ber. 37,4067). On hydrolysis both 
nitriles give the 3-aeid. 

a, 3 -Diphenylglutaric acid, C«H 5 CH(COOH)CH(CeH 5 )CH 2 COOH, m.p. 228®. 
The ester of this acid lias been obtained by the addition of ethyl phenyl-acetate to 
ethyl cinnamate by means of sodium ethylate {Borsche^ Ber. 42, 4497); Avery, 
Am. 30, 695). For the isomerism, preparation, and resolution of a,3-diphenyl- 
glutaric acids, see Maclay, km, 51, 2833. 

3 , 7 -Diphenyl-adipic acid, COOHCHjCH(CJl 5 )CH(C«H 5 )CH 2 COOH, exists in 
two forms, m.p. 270° and 170°, respectively. The dimethyl esters, m.p. 175® 
and 73°, respectively, are obtained by reduction of ethyl cinnamate with alumin¬ 
ium amalgam. Ethyl hydrocinnamate is a byproduct. The close similarity of 
this acid with truxillio acid should be noted (Henle^ Ann. 348, 16; Jessen, Ber. 
39, 4089). For the ste^eoisomeri^m of the two acids, and its connection with the 
truxic acids, see Oomeii, J. 1930, 2148. 

Stilbene-dicarboi^lic acid, diphenylmaieic acid, is obtained as its ester by the 
action of sodamide on ethyl bromophenylacetate. Like the dialkyl maleic acids, 
it decomposes immediately it is liberated from its salts into water and the an- 
CbHsCCOv 

hydride, (I ^O, m.p, 155®. This will condense like phthalic anhydride, 
CftHsC • CO*^ 


CeHfiC- C^CHCbIL 

with phenylacetic acid, to give benzaldiphenyl-maleide, || >0 , 

CjH b^—CO' 

which reacts in a similar way to benzalphthalide (p. 569) (Co/?n, Ber. 24. 3854). 
The salts of diphenylmaieic acid are obtained by hydrolysis of the nitrile, aicyano- 
stilbene, C6H8C(CN) :C(CN)C6 Hb, m.p. 158®, with alcoholic potash. Dicyaiio- 
stilbene is obtained by the action of potai^ium cyanide on phenyl-chloroaceto- 
nitrile, or by the action of sodium ethoxide on it. It can also be obtained by the 
action of sodium ethoxide and iodine on phenylacetonitrile (Chalanayj Ber. 25, 
285; Michael, Ber. 25, 1680). Ethyl diphenyl maleate is converted into ethyl 
diphenylfumarate by the action of ultra-violet light. The free acid melts at 288- 
289® (Bamarl’^Lucas, Ann. chim. (10), 13,385). 

o,o'-Dicyanostilbene, NCC 6 H 4 CH:CHC 6 H 4 CN, m.p. 191.5-192.6®, is ob- 
tained from o-cyanobenzyl chloride through the o-cyanobenzyl-sulphonic acid 
(see Ruggli, Helv. 14, 541). 
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Stilbene-succinic acid, CeH 5 CH:C(C 6 Hi)CH<(^ , is obtained by the 

\CH.COOH 

condensation of desoxybcjnzoin (p. 502) with ethyl succinate by means of sodium 
ethylate. With bromine the acid gives a bromolactonic acid, which on heating 

gives an unsaturated lactonic acid, • C(CeHs): C(Coi))CFIjCOOH, and a 

dilactone, CeHs^H• C(CeHs) CH(CO(!>)CH 2 COO (Husswurm, Ann, 308, 156). 

A derivative of dibenzyl is 4,5-diphenyloctane-2,7-dione, or <z,/3-diacetonyl- 
C«H5CH.CH.2C0CH, 

dibenzyl, I , m.p. IGl®, b.p. 335-340®, which is produced in 

C«n,CH.CH2COCH3 

the reduction of 2 m(ils. of bcnzylidene-acetonc in weakly acid or neutral solution. 
Homologous diketones are produced by the redact ion of liomologous benzylidene- 
ketones (Harries, Ber. 29, 380, 2121). 

(c) tri-, tetra-, penta-, and hexa-Phenylethane Group 

Triphenylethane, (C«H 5 ) 2 CHCH 2 C 6 H 5 , b.p. 318®, (Klagts, Ber. 37, 1455) is 
obtained by reducing triphenylethylene. 

Triphenylethylene, «-phenylstilbcne, {C 6 H 6 ) 2 C;CHC 6 H 6 , m.p. 68®, b.p. 221® 
(14 mm.), is formed by the removal of water from benzyl-diphenylcarbinol, 
(C 8 H 5 ) 2 C( 0 H) •CH 2 -C 6 H 6 , m.p. 89°, which is itself obtained by the action of 
benzyl magnesium chloride on benzophenone, or by the action of phenyl magne¬ 
sium bromide on desoxj^benzoin, or ethyl phenylacetate (IlelL Ber. 37, 1429; 
Klages, Ber, 37, 1455). a-Triphenylacetaldehyde, m.p. 105.5°, is obtained by 
the action of concentrated sulphuric acid on triphenylethanone. 

Triphenylethanone, (CeH 6 ) 2 CHCOC 6 H 5 . m.p. 136°, is obtained by the action of 
benzene and aliuninium chloride on chloral, dicliloro- or trichloro-acetyl chloride, 
desyl chloride, or acetylmandelyl chloride (ColUt, Bull. [3], 15, 22; Biltz, Ann. 
296, 219; Anschutz, Ann. 368, 92). It can also be obtained by warming tri- 
phenylcthylene glycol with 25% sulphuric acid (Tiffeneau, C.r. 146, 29; Ore- 
khoff, Bull. [4], 25, 186). Triphenylethylene glycol, (C 6 H 8 ) 2 C(OH)CH(OH)- 
CbIIs, m.p. 164°, is obtained by the action of phenyl magnesium bromide on ben¬ 
zoin or ethyl mandelate ( A crec, Ber. 37,2762). Triphenylethanone is decomposed 
by permanganate into benzophenone and benzoic acid, and by alcoholic potash 
into diphenylmethane and benzoic acid. It gives an oxime, m.p, 182°, with 
hydroxylamine hydrochloride (Kohler, Am. 36, 177). With acetvl chloride 
and benzoyl chloride, on the other hand, tripheiiylvinyl acetate ana benzoate, 
respectively, are formed. These are derivatives of the enol form. According 
to optical measurements, pure triphenylethanone is the ketoform (Ley, Ber. 56, 
777). With bromine in carbon disulphide it gives triphenyl-bromoethanone, 
(C 6 H 6 ) 2 CBrCOC 6 H 5 , m.p. 97°, but in glacial acetic acid, bromine is replaced by 
OPI and triphenyl-hydroxyethanone, or phenylbenzoin, (C6H5)2C(OH)COC6H5, 
m.p. 84°, is formed. This substance is also obtained by the oxidation of tri¬ 
phenyl-ethanoiie wi+h nitric acid, and by the action of phenyl magnesium bromide 
on benzil ( Biltz, Ber. 32 650; Acree, Ber. 37, 2758). Triphenylethanol. (C 6 H 8 ) 3 - 
C-CHiOH, m.p. 110.5*, is obtained by reduction of tnphenylacetaldehyde or 
triphenyl-ethanone (Gardeur, Bull. acad. roy. Belg. [3], 34, No. 7, 67). 

Triphenylmethylethane, ^-triphenylpropanCj (C 6 H 6 ) 2 CHCH(CHs)C*H 6 , is 

E robably obtained in the recluction of aiphenylindon© with phosphorus and 
ydriodic acid. 

a,ji3,j8-Triphenylpropane. The hydroxy-derivatives of this hydrocarbon have 
been prepared by the action of chloroacetone on phenols. Trihydroxy derivative, 
m.p. 175°, hexahydroxy-derivative, m.p. 180° (Lippmann, Ber. 45, 2489). 

Ethyl triphenylacrylate, (C«H 6 ) 2 C: C(C«H6)C00R, is obtained by the condensa¬ 
tion of benzophenone chloride with ethyl phenylacetate. The corresponding acid, 
m.p. 213°, has been obtained from a,/3,/3-triphenylpropionic acid, by bromination 
and splitting off HBr. and from the nitrile, m.p. 163°, obtained by the condensa¬ 
tion of diphenyl-dicnloromethane and benzyl cyanide (Heylf Ber. 28, 2784; 
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Dahl, Ber. 29^^41; c/. Stohhe, Ber. 34, 1963). a,j3,^>Triphenylpropionic acid. 
(CaH 5 ) 2 CH*CH(C 6 H 6 )COOH, m.p. 211®, is obtained by the action of phenyl 
magnesium bromide on a-phenylcinnamic ester. When diphenylindone is fus^ 
with alkalis^ an acid isomeric with triphenylacrylic acid is obtained. It melts at 
186®, and is api>arently a,^-diphenylvinyl-«-benzoic acid, COOH[l]C 6 H 4 [ 2 )- 
CCC^s) iCHCeHs. Both acids are converted into diphenylindone when heated 
with zinc chloride. 

a,(x,iS>Triphenylpropionic acid, CftH 6 -CH 2 *C(C«H 5)2 COOH, m.p. 132®, is ob¬ 
tained by the action of benzyl chloride on sodio-^iphenylacetobenzyl C'Jter, fol¬ 
lowed by hydrolysis. The nitrile melts at 126® {Ramarl, C.r. 178, 93). 

i3,j5,/3-Triphenylpropionic acid, m.p. 178-179® {Gagnon, Ann. chim. [10] 12, 
296). 

sy^-Tetraphenylethane, (C 6 H 5 ) 2 CH*CH(Ci«H 6 ) 2 , m.p. 200°, b.p. 379-383®, is 
obtained by heating benzophenone, or diphenylchloro- or -bromomethane with 
zinc, colloidal silver, or sodium in benzene solution, and by the action of copper 
on tniobenzophenone. It can also be obtained by the reduction of tetraphenyl- 
et by lone with sodium and alcohol, by the action of hydriodic acid and phosphorus 
on benzpinacone or benzpinacoline, and by condensation of stilbene bromide, 
tetrabromoethane or chloral with benzene and aluminium chloride (Anschutz, 
Ber. 18, 657; Biltz, Ber. 26, 1962; Ann. 296, 221). 

as-Tetraphenylethane, (CJIfi)aC«CH 2 C 6 H 6 , m.p. 144®, is obtained by the ac¬ 
tion of benzyl magnesium chloride on triphenyl-chloromethane, or of triphenyl- 
methyl magnesium chloride, or potassio-triphenylmethyl on benzyl chloride 
(Schmidlin, Ber. 41, 435). 

Tetraphenylethylene, (C 6 H 5 ) 2 C:C(C 6 H 6 ) 2 , m.p. 221®, is obtained, together 
with tetraphenylethane, by the action of zinc on benzophenone. It is also ob¬ 
tained^ together with the benzpinacolines by heating diphenyl-dichloromethane 
with silver or zinc dust (Lohse, Ber. 29, 1789), and by heating diphenyl-chloro- 
methane with diphenylmethane (Norris, Ber. 43, 2958). When oxidised it is 
decomposed into two molecules of benzophenone. In carbon tetrachloride solu¬ 
tion it combines with chlorine to give tetraphenylethylene dichloride, (C 6 H 6 ) 2 - 
CC 1 'CC 1 (C 6 H 6 ) 2 , m.p. 186®. which can also be obtained from diphenyl-dichloro¬ 
methane by the action of colloidal silver or mercury, or sodium iodide in acetone 
solution. Bromine and iodine do not add on to tetraphenylethylene. It gives 
crystalline addition products with two molecules of chloroform or carbon tetra¬ 
chloride. The two chlorine atoms in tetraphenylethylene dichloride are very 
loosely bound. On heating it breaks down into tetraphenylethylene and chlorine, 
and the chlorine partially substitutes. On boiling with water a-benzpinacoline is 
formed; and with methyl alcohol, /3-benzpinacoline is obtained. By the action 
of aluminium chloride on the benzene solution two molecules of HCl are split off 
and 9,10-diphenyl-phenanthrene is formed. (Finkelstein, Ber. 43, 1533; Norris, 
Ber. 43, 2940). 

Tetramethyl-diamino-tetraphenylethylene, (CH 8 ) 2 NC 6 H 4 (C 6 H 5 )C: CCCeHs) - 
C«H 4 N(CH 8 ) 2 , m.p. 226®, is obtained by the reduction of dimethylamino-benzo- 
phenone with tin and hydrochloric acid. It gives an intense rod colour when 
acted upon by oxidising agents, such as ferric chloride in acid solution (Willstdt- 
ter, Ber. 39. 3766) .which is ascribed to the formation of carbonium salts of tetra¬ 
phenylethylene. The tendency towards the formation of these tetraphenylethane 
dyes is shown particularly in the addition of the halogens with the formation of 
compound of the type [(R'C«H 4 ) 2 —C*—C'—(C«H 4 ’R) 2 ]^*^ 2 X“*. These dyes 
have been prepared from tetrahy^oxy-tetraphenylethylene as well as from tetra- 
methyl-diamino-tetraphenylethylene (Wizinger, Ber. 60, 1377; Madelang, Ber. 
60, 2469). 

ALCOHOLS OF THE TETRAPHENYLETHANE GROUP: In addition to 
tetraphenyl-ethanol, (C«H 6 ) 2 —CH—C(OH)(C#H 6 ) 2 , m.p. 236-236°. which can 
be obtained from triphenyl-ethanone and phenyl magnesium bromide (Orekhoff, 
Bull. [4], 25, 186), the pinacones of benzophenone and its homologues must be 
mentioned. Like the pinacones of the aliphatic series, these compounds are ob¬ 
tained from the ketones by the action of nascent hydrogen, secondary alcohols 
being formed at the same time. 

Benzpinacone, or tetraphenylethylene glycol, (C 6 H 6 ) 2 C(OH)C(OH)(C«H 8 ) 2 , 
m.p. 187®, decomposes on melting into oenzophenone and diphenylcarbinol. 
The same nssion is brought about by boiling the substance with alcoholic potash. 
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It is obtained from benzophenone bv the action of zinc and sulphuric acid, and by 
the decomposition of sodio-benzophenone (Beckmann, Ann. 266, 1), or oy con¬ 
densation of methyl oxalate or ethyl benzilate with phenyl ma^esium bromide 
(Valeur, C.r. 136, 94; Acree, Ber. 37, 2761). On warming with concentrated 
hydrochloric acid or dilute sulphuric acid to 200®, benzpinacone, like the ordinary 
pmacones, loses water, and a migration of the phenyl group takes place, giving 
jS-benzpinacoline, (C 6 H 6 ) 3 C*COCeHi, m.p. 179®. This compouna can be ob¬ 
tained synthetically by the action of triphenylmethyl magnesium chloride on 
benzaldehyde and subsequent oxidation, and by the action of phenyl magnesium 
bromide on triphenylacetyl chloride (Scnmidlin, Ber. 43, n40). Its constitution 
is arrived at from these two syntheses, and from its fission into triphenylmethane 
and benzoic acid when heated with soda-lime and by the formation of triphenyl- 
carbinol and benzoic acid on oxidation. jS-Benzpinacoline can also be obtained 
directly from benzophenone by the action of zinc dust and acetyl chloride, the 
isomeric a-benzpinacoline, m.p. 203®, being formed at the same time. a-Benz- 
pinacoline is readily converted into the /3-compound by acids, and is to be con¬ 
sidered as tetraphenyUethyle7ie oxide, (CeHs)!^ *0^6(06116)2 (Klinger, Ber. 20, 
2158; Schmidlin, Ber. 43, 1163). When heated with zinc ethyl /3-benzpinacoline 
is converted into benzpinacoline alcohol, (C 6 H 5 ) 3 C*CH(OH)C 6 H 6 , m.p. 151®. 
When this compound is heated with acetic anhydride, the phenyl group migrates 
back, and tetraphenylethylene is formed (Delate, Bull. [3], 4, 470). (Cf. the 
analogous behavior of pinacoline alcohol, when tetramethyl-ethylene is formed, 
Vol. I). Forp,p',p'',p"^-tetrachloro-benzpinacoline. sec Montague, Rec. 25,379. 
Tetraphenyl-ethylene sulphide, (C 6 H 6 ) 2 C——CCCeHsje, decomp, at 176®, is the 

Ns/ 

sulphur compound corresponding to a-bcnzpinacoline, and is obtained by the 
action of diazomctliane on thiobenzophenone. On heating, sulphur is split off, 
and tetraphenylethylene formed (Siaudinger, Helv. 3, 833). 

Pentaphenylethane, (C 6 H 8 ) 3 C 011(06115) 2 , m.p. 179® in an atmosphere of car¬ 
bon dioxide, is obtained by the action of diphenylmethyl magnesium bromide, 
(C6H6)20HMgBr, on triphenyichloromethane (Gomberg, Ber. 39, 1466), and by 
the action of zinc on a mixture of diphenylbromomethane and triphenyichloro¬ 
methane in ethyl acetate (Norris, Ber. 43. 2945). It is not so stable as tetra- 
phenylethane, and in this respect it resembles hexaphenylethane, which readily 
dissociates. On heating in the air it takes up oxygen and decomposes. When 
its solution in anisole or ethyl benzoate is boiled it breaks down into triphenyl¬ 
methyl, or hexaphenvlethane, and sy/a-tetraphenylethane (Schlenk, Ber. 43, 
3641) (cf. Vol. IV): 

2(C6H6).C-CH(C6H6)2 -> [(C6H6),C~]2 + [-CHCCsH*)*],. 

It decomposes in a similar way when heated with HCl in benzene, or when 
acted upon w'ith sulphuryl chloride (TshUshibabiu, Ber. 40, 367; Norris, Ber. 43, 
2945). 

Pentaphenylethyl alcohol, (C 6 H 5 ) 3 C-C(OH)(C 6 H 6 ) 2 , m.p. 179°, is obtained 
from /?-benzpinacoline and phenyl magnesium bromide (Schmidlin. Ber. 43,1145). 

Hexaphenylethane, (C 6 H 5 ) 8 C 0(06116)8. m.p. 145-147°. This exceedingly 
interesting hydrocarbon was first obtained by Gomberg in 1900 (Ber. 33,3150) by 
the action of zinc on a benzene solution of triphenyichloromethane (for prepara¬ 
tion, see Schlenk, Ann. 372, 17). It is characterised by its great reactivity, which 
is due to the fact that in solution, hexaphenylethane is partly dissociated into the 
free radical triphenylmethyl: 

(O.H6),o-~c(C6H6), 2 (c.H6),c—. 

For this radical and its reactions, see Vol. IV. 

In addition to the methods already given, hexaphenyl-ethane can be obtained 
by the following reactions: I. by the action of triphenylmethyl magnesium chlo¬ 
ride on triphenylchlorometliane (Schmidlin, Ber. 41, 423) ; by the electrolysis 
of triphenylbromomethane in liquid sulphur dioxide (Schlenk, Ann. 372, 11); 5. 
from hydrazotriphenylmethane, (C6H6)jC*NH*NH *0(06116)3, by oxidation 
with potassium hypobromite. The unstable azo-compound is formed inter¬ 
mediately (Wielana, Ber. 42, 3020). 
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TetraphenylethaneHlicarbojylic acid, tetraphenyUsuccinic acid, 

(CeH^) 2 CCOOH 

I , m.p. 261® (decomp.) (ethyl ester m.p. 89®), is obtained by the 

(CeH6)2CCOOH 

action of silver on ethyl diphenylchloroacetate (Bickel, Ber. 22,1538). Its nitrile, 
m.p. 216-220®, is obtained by the action of sodium and iodine on diphenylaceto- 
nitrile For another method of preparing tetraphenylsuccinic acid, see SiolU, 

Ber. 45, 3113). ;- 1 

The dilactone of a benzpinacone-o,o'odicarboxylic acid, OOCC#H 4 C(C 6 H 5 ) • 


(5{c,h,)c,H4Co 6, m.p. 265®, is obtained by boiling o-benzoylbenzoic acid 
(p. 522), with hydriodic acid and phosphorus (Ulbnaim, Ann. 291, 17). 


(d) co^co-Diphenylpropane Group 

Dibenzylmethane, a, 7 -diphenyIpropane, C 6 H 5 CH 2 ‘ 0112 * 01120 ( 1116 , b.p. 290- 
300®, m.p. 15-16®, is obtained by the reduction of dibenzyl-kctone (see below) 
witli hydriodic acid, from benzal-acetophenoiie with a nickel catalyst, in which 
case dicyclohcxylpropane is also formed, or by the action of caustic potash on 
pheiiylacetaldehyde (Btoermer. Ber. 58, 2607). 

a, 7 -Diphenylpropylene, O 6 H 5 OH 2 • OH:OHOsHs, b.p. 179® (15 mm.), is an oil 
smelling like hyacinth, obtained from «, 7 -diphcnylpropyl alcohol, b.p. 193° (12 
mm.), by the action of anhydrous oxalic acid. It can also be obtained from j8- 
bromodibenzylacetic acid by warming with dilute caustic soda {Dieckruann, Ber. 
39. 3046). 

a,/3,7-Triphenylpropane, b.p. 225-230® (10 mm.). When desoxybenzoin is 
treated with benzyl magnesium bromide, (y,/3,7-triphenylpropanoi-(2), m.p. 
86-87®, is formed, and this, when treated with phosphorus and hydriodic acid 
gives triphenylpropane {Fmon, Am. 48. 2937). 

a,(3,7-Triphenylpropene, m.p. 63-64*^, is obtained by removal of water froni 
triphenylpropanol (see above). When its dibromide is boiled with glacial acetic 
acid it gives 2,3-diphenylindene (p. 593) (Orichoff, Ber. 47, 89; Ramart, C.r. 
182, 1342). 

a,a, 7 -Triphenylpropanol-(l), see Ramart^ C.r. 182, 1342. 

a,a,7-Triphenylhyaro3gr-(l)-propeiie-(2), m.p. 95®, (CeH 6 ) 2 C(On)CH:CH- 
(CaHj), is obtained from benzophenone and the magnesium compound of i8- 
bromostyrene. With acetic anhydride it is converted into triphenylallene, 
(C«H6)>C:C:CH(C»H,) (Straus, Ann. 442, 93). 

Tetraphenylallene, (C 6 H 6 ) 2 C:C:C(C«H 6 ) 2 , m.p. 164®, is obtained by the dry 
distillation of barium diphenylacetate (Vorldnder, Ber. 39, 1024) or from a,a, 7 , 7 - 
tetraphenyl-i3-propylene alcohol and acetic anhydride (Vorldnder, Ber. 56, 
1136). It readily polymerises to 1,3-diphenyl-hydrindene (Krause, Ber. 57, 
534), and on reduction with hydriodic acid it gives tetraphenylpropylene, m.p. 
127-128®, and tetraphenylpropane (Vorldnder, Ber. 56, 1122). For substitut;^ 
tetraphenylallenes, see Bergrnann, J. pr. [ 2 ], 135, 245. 

Dibenzyl-ketone, C«H 6 CH 2 * CO • CHaCeHs, m.p. 40°, b.p. 330®, is obtained by 
the distillation of calcium or barium phenylacetate (Apitzsch, Bor. 37, 1428). In 
the two CHa groups of this ketone, one H atom is readily replaced by sodium, and 
hence by an alkyl group (Opolski, Bull. Acad. Sci. de Cracovie. 1900). It con- 
deases with ethyl oxalate and sodium ethylate to give a triketocyc.lopcntane 
derivative, oxalyl-benzyl-ketone (c/. Vol. II). With benzylidene-aniline it gives 
an addition product which occurs in various forms (Frauds, J. 75, 865). With 
phosphorus pentachloride it gives l,3-diphenyl-2-chloropropylene, C«H 4 CHa* 
CCl-.CHCftHs, b.p. 181® (12 mm.), and with nitrous acid, diisonitroso-dibenzyl- 
ketone, C«H 5 C(NOH)-COC^NOHiCftHs, m.p. 133® (Vorldnder, Ber. 37 1134). 
On reduction with so^um, dibenzyl-ketone gives dibenzyl carbinol, (C«H 6 CH 2 )a- 
CHOH, b.p. 327®. It condenses with phenol to give dibenzyl-diphonol-methane, 
(C$H6CH2)aC(CeH40H)2 (Bogdanovska, Ber, 25, 1271). Dibenzyl-phenyl 

carbinol, (CeH 6 ( 5 H 2 ) 2 C(OH)C 6 H 6 , m.p. 87°, and tribenzyl-carbinol, (CeHsCHa)!- 
0(0H), m.p. 115®, are obtained from ethyl benzoate and ethyl phenylacetate 
with two molecules of benzyl magnesium chloride (Klages, Ber. 37, 1456). 

Benzyl-acetophenone, CiH 6 CH 2 'CH 2 COC«H 6 , m.p. 73°, is isomeric with di¬ 
benzyl-ketone, It is obtained by reduction of 
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Bena^lidene-acetophenone, or chalkoue {Kostanechi, Ber. 32,1923), CeH^CH; - 
CHCOC«H«, m.p. 58^, b.p. 346°, with zinc dust and acetic acid. Chalkone is 
obtained by the condensation of benzaldehyde and acetophenone with sodium 
methylate. It gives two stereoisomeric oximes, m.p. 75°, and 116°, the latter 
giving cinnamic anilide when subjected to the Beckmann transformation (JEfcn- 
rich, Ann. 351, 172). It combines with hydrochloric acid giving chlorobenzyl- 
acetophenone, C 6 H 5 CHCICH 2 COC 6 H 6 , and with bromine to give a dibromide, 
C 6 H 5 UHBr*CHBr*COC«H 6 , m.p. 158°, which gives dibenzoyl-methane with 
alcoholic potash, and with potassium acetate monobromo-benzylidene-aceto- 
phenone, CeHft-CBr-.CHCOCftHs, m.p. 44°. A second dibromide of chalkone, 
m.p. 122-123°, is readily obtained by the action of hydrogen bromide on a- 
bromobenzyl-acetophenone (Abell, J. 101,998), This compound is also obtained 
as a by-product in the direct bromination of chalkone. By the action of nitrous 
fumes on chalkone, various products are obtained, among which the dinitrite, 
(Cl^HI20)N204, may be mentioned. This compound gives benzal-nitro-aceto- 
phenone, C«H 5 CH:C(NOa)COC«H 5 , with dilute caustic soda, and when this is 
reduced with tin and hydrochh)ric acid in methyl alcohol, benzylisonitroso- 
acetophenone. C 6 n 6 CH 2 -C(NOH)-COCeHs, m.p. 126° is formed. This is an 
oxime of dipnenyl-diketopropane, isomeric with dibenzoylmethane (Wielarul, 
Ber. 36, 3015; Ann. 340, 63). 

For absorption determinations with the chalkones, see Shihata, Acta phyto- 
chim. 2 , 25. For the halochromism of chalkone and its derivatives, see J. pr. [ 2 ], 
124, 81. 

Many derivatives of chalkone are characterised by the ability to exist in many 
polymorphic forms, e.g., three forms of p^-methyl-chalkone, C®H 6 *CH:CH-CO-- 
C 8 H 4 *CH 3 . are known, melting at 77° (a), 59° (/3), and 45° ( 7 ), respectively. 
They are ontained by condensation of benzaldehyde with p-methyl-acetophenone. 
The a-form is the most stable, the j3-fonn may be retained for a year in the ab¬ 
sence of the a-lorrn, and the 7 -form has a life-period of only a few days. All the 
forms are mutually convertible (Weygand, Ann. 449, 29). 

Hydrochalkone, Cells* (CH 2 ) 2 *CO*CJl 6 , m.p. 72°, is obtained by the catalytic 
reduction of chalkone. When treated with senium amalgam in alcohol it is re¬ 
duced to hydrochalkol, b.p. (13 mm.) 188-191°. This compound splits off water 
forming diphenyl-propene (Nekrassov, J. pr. [2], 119, 109). 

p,p^-Dichlorobenzylidene-acetophenone, m.p. 157°, gives a '*keto-chloride,'' 
CIC«H 4 • CCl CII • CHCl • C 6 H 4 CI, m.p. 55°, when acted upon by phosphorus penta- 
chloride in benzene solution. In this reaction there has not l^n a simple sub¬ 
stitution of carbonyl oxygen by halogen, but a transformation, arising from the 
mobility of the chlorine atom. The chlorine atom attached to the saturated C 
atom is readily replaceable by hydroxyl or raethoxyl (Straus, Ann. 393, 249). 
These compounds dissolve in concentrated sulphuric acid with an intense coloura¬ 
tion (Straus, Ber. 42, 1804) (cf. also dibenzylidene-acetone, p. 587). 

0 -, m-, and p-Hydroxybenzvlidene-acetophenone, HOCeH 4 CH:CHCOCeH 6 , 
m.p. 154° (decomp.), 160°, and 183°. respectively, are obtained by the action of 
acetophenone on the corresponding nydroxybenzaldehydes, or by the Friedel- 
Crafts reaction using cinnamyl chlorides and phenolic ethers (Stockhausen, Ber. 
25, 3536). The isomeric benzylidene-o-, m-, and p-hydroxy-acetophenones, 
m.p. 89°, 126° and 173°, respectively, are obtained from benzaldehyde and the 
hydroxy-acetophenones. For the colour of the isomers, see Kosianecki^ Ber. 32, 
1921. A number of polyhydroxybenzylidene-acetophenones are found in nature 
in the form of their glucosides. Butein, (HO)2[3,41 CeHjCH:CHCOC6H8[2 ',4 ^ - 
(OH)a, forming orange-yellow needles, m.p. 214°, occurs as a glucoside in the 
nowers‘of Butea frandosa. It decomposes when boiled with caustic potash into 
protocatechuic acid and resacetophenone (Perkin^ Proc. 20, 169). It has been 
synthesised from protocatechuic aldehyde and resacetophenone, or from dicar- 
bethoxy-caffeic chloride and resorcinol. When treated with hydrochloric acid 
it is converted into butin (7,3',4'-trihydroxyflavanone) (Shinoda, J. pharm. soc. 
Japan, 49, 123). Naringenin. HO[4]CfH4CH:CH*COC6H,[2',4',6'I(OH),, 
m.p. 248°, and hesperitin, H0[3](CH,0)[4JC«H,CH:CH-C0CeH,[2',4',6'I- 
(OH) 3 j m.p. 224°, are obtained by the hydrolysis of the glucosides naringin, and 
hespendin, respectively (Vol. II, p. 360) with dilute acid. For synthesis, see 
Shinoda, loc, dt .). When boiled with caustic potash they give phloroglucinol and 
p-cumaric acid, and isoferulic acid, respectively. Sakuranetin is the 7-mono- 
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methyl ether of iiaringenin. Homoeriodictyol, HO[4](CHjO)I3]CeHiCH:- 
CH'COC«Ha[2'4'6'] (OH)t, m.p. 223®, is isomeric with hesperitin. It has been 
isolated, together with eriodictyol, (HO)8[3,4]CeH,CH:CHCOC8H2[2',4',6'J- 
(OH)a, m.p. 267®, from the leaves of Eriodiciyon califomicum (Tulin, J. 97, 
2064) . Phloretin occurs as the glucoside phloridzin, in the bark of apple and pear 
trees. It is a tetrahydroxy derivative of chalkone. HO[4] • CeHa • CHa • CHa * CO • - 
C8Ha[2'4',6'] (0H)8. The sugar radical is attacned in the 2-position (Wessely, 
Mo. 53/54, 654). For its synthesis, see Shinoda, loc. cit,; Fischer, Ber. 50, 611. 
When benzylideno-o-hydroxyacetopnenone is boiled with mineral acids, it is con- 

yO -CHCcHs 

verted into the isomeric flavanone, C«H 4 ^ I , a reaction which has 

CO”~CU2 

been used to discover the constitution of many of the vegetable dyes belonging to 
this group, such as quercetin, fisetin, luteolin, etc. The dibromido of acetyl-o- 
hydroxy&nzylidene-acetophenone gives hemoyl-cournarone, 

►CCOCeHs, when treated with alcoholic potash. o-Hydroxybenzyli- 




dene-acetcmhenone mves a-phenyl- 7 -(o-hydroxyphenyl)-propyl alcohol, HOC 8 H 4 - 
CH2CH2CI1(0H)C£8, m.p. 97®, when reducea. This compound forms a cyclic 
yCHa • CHa 

ether, C 8 H 4 ^ I , with methyl alcoholic HCl (Kostanecki, Ber. 29, 244; 

^0-CHCftHfi 


Harries, Ber. 29, 376). 

Diphenyl-styryl carbinol, (CeH 5 ) 2 C(OH)*CH:CH*C 8 H 6 , m.p. 110.5®, is ob- 
tained by the action of styiyl magnesium bromide on benzophenone (K, H, 
Meyer, Ber. 55, 815). When methylated with methyl alcohol and acid, it 
undergoes transformation into the methyl ether of 1,3,3-triphenyl-allyl alcohol, 
(C6H6)aC:CH—CH(OCH 3 )CeH 8 , m.p. 97-98®. The normd ether of diphenyl- 
^yryl carbinol, m.p. 79®, is obtained from l,l,3-triphenyl-propene(l) through 
the dibromide, replacement of the two adjacent bromine atoms in the two phenyl 
nuclei by methozy, and splitting off HBr (Ziegler, Ann. 443, 161). 


o-Hydroxy-styryl-diphenyl carbinol, HO[2]CeH4CH:CHC(OH)(C8H6)a, m.p. 
164-166®, is obtained from coumarin and two mols. of phenyl magnesium bro¬ 
mide (Kohler, Am. 29, 352; Houhen, Ber. 37, 496). 

Two molecules of acetophenone will condense spontaneously on heating, or 
when warmed with zinc ethyl or zinc chloride to give a homologue of benzal-aceto- 
phenone called dypnone, C«H 5 C(CH*)iCHCOCcHe, b.p. 225® (22 mm.). This 
compound is related to acetophenone in the same way as mesityl oxide is to acetone 
(Detacre, Belg. [3]. 26, 634). When heated dypnone decomposes into an un¬ 
saturated hyarocarnon, diphenylfuran and triphenylbenzene (p. 508) (Ameye, 
Belg. 1899, 227). Dypnone combines with nydroxylamin© when allowed to 
stand with it in alcoholic solution, forming dypnone-hydroxylamine, CbHs- 
C(CH8)(NH0H)-CHaCOCeHe, m.p. 110®. Under other conditions, two dyp¬ 
none oximes, CeHsCCCHs) :CHC(NOH)C«H 5 , m.p. 78° and 134®, respectively, 
are formed. The second of these gives the anilide of /3-methyl-cinnamic acid 
(p. 569) when submitted to the Beckmann transformation (Bim, Ber. 37, 730). 

Benzaldehyde condenses with desoxybenzoin just as easily as acetophenone 
does. Under the influence of alkalis benzylidene-desoxybenzoin, CaHsCH:- 
C(C8 H6)C0C«H5, m.p. 101®, is formed. This is also obtained, together with 
isobenzylidene-desoiybenzoin, m.p. 89®, by distillation of benzamarone (p. 
688 ). The iso-compound is easily converted into the higher melting isomeride, 
and is also formed by condensation of benzaldehyde and desoxybenzoin with 
hydrochloric acid. In this case chlorobenzyl-desoxybenzoin, m.p. 172®, is formed 
at the same time, a compound which is readily converted by alkalis into the 
benzylidene-desoxybenzoin melting at 101®. On distillation, however, it breaks 
down into stilbene and benzoyl chloride (Klages, Ber. 26, 447; KUngemann, Ber. 
26, 818; StMe, Ber. 34, 3897; Klages, Ber. 35, 3965): 


CfHiCH 



CiH.CHCl 

CA(!;HC0C«H> 


C,H,CH 

CiH.£h 


Cl 

iooA 
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Benzylidone-desoxybenzoin gives benzyl-desoxybenzoin^ C 6 H 6 CH 2 CH(C 5 H 5 )- 
COCeHs, m.p. 120®, on reduction. This compound is obtained directly by the 
benzoylation of desojybenzoin. With acetic anhydride, glacial acetic acid, and 
concentrated sulphuric acid it gives a derivative of 2,3-diphenylindene (Thiele, 
Ann. 393, 61). 

j3,/3-Diphenylpropiophenone, C«H 8 COCH 2 *CH(C«H 6 )i, m.p. 96®, is obtained 
by the addition of 1 molecule of phenyl magnesium bromide to benzylidene-aceto- 
phenone (Kohler, Am. 31, 642). 

a,/3,i9-Triphenylpropiophenone, CflHftCOCH(C 6 H 4 )CH(C«Ha) 2 , m.p. 182®, is 
obtained in a similar way from phenyl magnesium bromide and benzylidenoAle- 
soxybenzoin in ether solution, and by the action of an excess of phenyl magnesium 
bromide on ethyl a-phenyl-cinnamate. In ligroin solution it is possible to isolate 
as the first addition product tetraphenyl-propenol, C^HsCCOH) :C(CeH6)CH- 
(C 6 H 8 ) 2 . This melts at 95-100®, and is transformed into triphenyl-propiophe- 
none. It rapidly absorbs o^gen forming a peroxide melting at 327®, which on 
heating breaks down into diphenylacetophenone and benzoic acid (Kohler, Am. 
36, 177). 

Tetraphenyl-acetone, (C 2 H 5 ) 2 CH*CO-011(06115)2, m.p. 134-135®, is obtained 
by the action of sodium on ethyl diphenyl-acetate. 

Benzoyldibenzyl-methane, dibenzyl-acetophenone, CeHsCOCH (CH 2 C 6 H 6 ) 2 , 
m.p. 78®, is obtained by heating acetophenone with benzyl chloride and caustic 
soda to 160-170® (Nef, Ann. 310, 322). 

/CHCHaCOCeHs 

Phenacyl-phthalide, C 6 H 4 <f \ , m.p. 182®, is obtained by con- 

^000 

densation of phthalaldehydic acid with acetcn)henone (Hamburger, Mo. 19, 427). 

Benzoyl-phenyl-acetylene, OeHsOOO-OCeHs, m.p. ^®, is obtained from sodio- 
phenylacetylene and benzoyl chloride in ether. It is broken down by alkalis into 
benzoic acid and acetophenone, and is converted by concentrated sulphuric acid 
into dibenzoyl-methane {Nef, Ann. 308, 276; Moureu, C.r. 130, 1259). Phenyl- 
acetylene-phenyl-carbinol, C 6 H 5 C:C*CII( 0 H)C 6 H 6 , b.p. 221® (20 mm.), is ob¬ 
tained by the action of benzaldehyde on sodio-phenylacetylene (Moureu, C.r. 
134, 355). 

Dibenzoylmethane, CeHsCO CHa-COCeHs or C6H6C(OH) rCHCOCgHj (see 
Proc. 20, 48), is obtained by boiling ethyl dibenzoylacetate with water, by con¬ 
densation of ethyl benzoate with acetophenone, or by transformation of aceto- 
phenone-O-benzoate, OaHsCfOOCCeHe) :CH 2 , formed by heating acetophenone 
with benzoyl chloride, with sodium in benzene solution (Claisen, Ber. 36, 3674). 
It occurs almost exclusively in the enol form (Abell, J. 101, 998) and is one of the 
most stable kcto-enol systems. It dissolves in alkali, forms a difficultly soluble 
copper salt, a red iron salt, and is readily attacked by permanganate. When 
act^ upon by benzoyl chloride and pyridine it gives an O^bemoate, CsHsC- 
(OCOGeHs) :CIIC0C6H6, m.p. 109® (Claisen, Ber. 36, 3679). Dibenzoyl¬ 
methane occurs, like p-mcthyl-clialkone (p. 577), in characteristic polymorphic 
forms, melting at 73®, 78®, and 81®. The same phenomenon is found among 
the ethers, which are derived from the enol form. Ethyl ether, m.p. 63®, 74®, 78®, 
and 81® (Weygand, Ber. 62, 562). Dibenzoylmethane gives, amongst other sub¬ 
stances, an isonitroso-compound, (C 6 H 6 CO) 2 C:NOH, wdth nitrous acid, from 
which the corresponding triketone: 

Diphenyl-triketone, CeHsCOCOCOCeHs, may be obtained. This compound 
forms yellow crystals, melts at 67®, and boils at 289® (175 mm.). The triketone 
combines with water to form a colourless hydrate, m.p. 89® (de Neufville, Ber. 
23, 3378; Wieland, Ber. 39, 1488). 

Dibenzoyl-acetylmethane, or dibenzoyl-acetone, exists in three forms, of which 
one is apparently the diketo-hydroxyl-form, (C 6 H 6 CO) 2 C:C(OH)CH 8 (a-form, 
m.p. 80*), and the second a triketo-form (CeH 5 CO) 2 CH-COCH 8 (jS-form, m.p. 
107-110®). When these are treated with acetyl chloride they are converted int<» 
an unstable 7 -form, of which the m.p. is above 142® (Michael, Ann, 390, 46). It 
is obtained from benzoyl-acetone and benzoyl chloride by the action of caustic 
soda. From dibenzoylmethane, tribenzoylmethane, (CeH 8 CO)aCH, m.p. 225®. 
is obtained. By boiling with potash and ethyl acetate the keto-form is convertetl 
into the alkali-soluble enol-form, (C 6 H 6 CO) 2 C:C(OH)C 6 H 6 , m.p. 210-216® 
(Abell, J. 101 , 1029). The latter combines with 1 mol. of phenyl-diazonium 
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chloride to give a yellow diazo-hydroxy-compound (I) , m,p. 125®, which is read¬ 
ily decomposed by acids. When heated it is first converted into a red C-azo- 
compK)una (II), m.p. 164®, and stable towards acids, and then into the colourless 
benzoyl-phenylhydrazone of diphenyltriketone (III), m.p. 203®, migration of a 
benzoyl group having taken place (Dimrolh, Ber. 41, 4012): 


C6H.I!;0-N:NC,H, 

(I) 


(C,HiCO)j: C • N: NC,H, (C JIiCO)s: C: N • NC,Hb. 
* Cais(!30 C,H.(JO 


(II) 


(III) 


This process corresponds to the con version of aliphatic-aromatic azo-compounds 
into aryl-hydrazones (p. 152), and is a reversal of the transformation of quino- 
acyl-phenylhydrazones into 0-acylated hydroxyazo-compounds (p. 210). 

Carboxylic adds: —Dibenzylacetic acid, (C«H 6 CH 2 ) 2 CHCOOH, m.p. 78®, is 
obtained from a-benzyl-clnnamic acid, C 6 ll 6 CH:C(CH 2 C 6 H 6 )COOH, m.p. 169®, 
which is itself the condensation product of benzaldehyde and hydrocinnamic acid, 
bv reduction with sodium amalgam (Schmid, .1. pr. [2J, 62, 645). It can also be 
obtained from dibenzyl-malonic acid, (C«H 5 CH 2 ) 20 ( 00011)2 of which the ester is 
obtained by benzylating diethyl malonate. o,o'-Diniti'odibenzyl-acetic acid, 
✓OH 2 —OH-OHav 

OeHi^ I > 06 H 4 , prepared in the same manner, condenses to 

^NOa COOH OaN^ 

tetrahydronaphthinoline on re<luction with zinc dust (ReisserL Ber.* 27, 2248; 
29, 636; cf. Romeo, Gazz. 32, 355). Dibenzylmalononitrile, (06H60H2)20(0N)2, 
m.p. 130®, b.p. 360®, is obtained from the corresponding nitrile-amide, whicn 
can be obtained from cyanoacetamido. Dibenzylethyfamine, (OoHsOHaJa- 
OHOH 2 NH 2 , (hvdrochloride, m.p. 190®) is obtained by reduction of the nitrile 
with sodium and alcohol, a cyanogen group being split off (Errera, Gazz. 26, II, 
220 ). 

Diben^l-glycolic acid, (G6H6GH2)20(OH)GOOH, m.p. 156®, is obtained by 
hydrolysis of its nitrile, the HON addition product of dibenzvl-ketone. It is also 
obtained by boiling vulpinic acid or pulvinic acid with alkalis. With concen¬ 
trated caustic potash it breaks down on w^ariung into oxalic acid and toluene 
(Spiegel, Ann. 219, 41). 

a-Phenyl-jS-benzoyl-propionicacid, C«H 6 CO-CIi 2 CH(C 8 H 6 )COOH^ m.p. 153®. 
The nitrile of this acid, m.p. 127®, is obtained by the action of potassium cyanide 
on chlorobenzyl-acetophenono and its ester is obtained from phenyl-succinic- 
methyl ester acid chloride by the action of benzene and aluminium chloride. 
When the acid is heated with acetic anhydride it gives a lactone of the isomeric 

a-diphenyl- 7 -hydroxycrotonic acid CeHsdlcH^CHOCJWCoB, m.p. 110®, and 
on reduction with sodium, a, 7 -diphenylbutyrolactone (Anschutz^ Montfort, Ann. 
284, 1): 

(I!,HbCH • CHj. CH (CbEb) CO 6 


a, 7 -Diphenylaceto-acetic acid is isomeric with a-phenyl-/3-benzoylpropionic 
acid. Its ester C8H,CO CIl 2 -CH(C 6 H 5 ) CHi COOH, m.p. 79®, is obtained by 
condensation of two molecules of ethyl phenyl-acetate by means of sodium ethyl¬ 
ate. The ester is converted into a naphthalene derivative, phenyl-naphtho- 
resorcinol by treatment with concentrated sulphuric acid (Volhard, Ann. 296, 1), 
/9-Plienyl-7-benzoylbutyric acid, CeHsCO Cft CH^CaHs) •CH 2 -COOH, m.p. 
153®, is obtained by the action of acetophenone on ethyl cinnamate in the presence 
of so^um ethylate, and also by the transformation of the reaction product of 
diethyl malonate and benzylidene-acetophenone (Slohbe, Ber. 34, 653). 

Benzylidene-benzoylacetic ester, C«HfiCH:C(COOC 2 H 6 ) -COC^Hs, m.p. 98®, is 
obtained from benzaldehyde, benzoylacetic ester, and piperidine (Ruhemann^ 
Proc. 19, 128; Berlini^ Gazz. 33, II, 145). 

CeH5C(OH). 

Dibenzoylacetic acid, (C,H,CO),CHCOOH or %C COOH, m.p. 

109®. The ester of this acid is obtained from benzoyl-acetic ester by the action 



DIBENZYLETHANE 


581 


of benzoyl chiorido. When dry distilled, the ester loses carbon dioxide and gives 
a-hydroxybenzylidone-acetophenone. and on wanning with dilute sulphuric acid 
it gives acetophenone, carbon dioxide and benzoic acid. Its nitrile is obtained 
from cyanoac*etophenone by the action of benzoyl chloride, and shows powerful 
acidic properties. The silver salt reacts with methyl iodide giving a methyl ether, 
C6H6C0C{CN) :C(OCIl3)CJl8, m.p. 118®, and with benzoyl chloride giving tri¬ 
benzoyl-acetonitrile, (UH6CO)aC‘CN or C.HfiCOCCCN);C(OOCC«H*)C«H* 
(m.p. 138®) {SeUlel, .J. pr. [2], 58, 151). 

aHiCH-Ov 

7-Phenyl-/3-benzylidene-a-ketobutyrolactone, I yCO, m.p. 

CeHsCH: C —CCr 

167®, occurs in yellow <irvstals. It is obtained by condensation of 2 mols, of 
benzaldehydt; with pyruvic; acid in the presence of HCl gas (Erlenmeyer^ Ber. 32, 
1450; 34,817). When red need with sodium amalgam it gives Y-phenyl-Z^-benzyl- 
ketobutyrolactone, which exists in two modifications, m.p. 134® and 137®, respec¬ 
tively (also obtainable from benzylpyruvic acid and benzaldehyde). The iso¬ 
meric /3-phenyl-7-benzyi-a-ketobut^olactone, m.p. 171®, is formed from 2 mols. 
phenylpvruvic af;id with loss of carbon dioxide (Erlenmeyer, Ber. 35, 1942), 

CeHfiCHr. XOOH 

7 -Benzyl- 7 -benzylidenepyrotartaric acid, ,m.p. 

\CH 2 COOH 

147®. The ester of this acid is obtained by condensation of dibenzyl-ketone (p. 
576) and ethyl succintite in the presence of sodium ethylate (Rmswurm, Ann. 
308, 175). 

CeHsCOCHiK yCHzCOOH 

7 -Phenyl- 7 -phenacylpyrotartaric acid, >CH*CH< , is 

Celi/ ^COOH 

obt.ained from et hyl suc(*iruite and benzalacetophenone with sodium ethylate. Its 
dimethyl ester readily condenses further to a pentacarbocyclio* diketocarboxylic, 

C.ii.cocriCocut 

oster, I I , which is readily decomposed by sodium 

C,H»CH—-CHCOOCH, 

methylate to the acvclic dimethyl-ester (Stohhe. Ann. 326, 347). 

Triphenyl-d-lactic acid, (C 6 H 6 ) 2 C(OH)—CHCCeH*) COOH, m.p. 205-208®, 
is obtained from benzophenone and diphenylacetic acid under the influence of 
light (l*atcrno^ Gazz. 40, II, 321). By removal of wrater it gives 1,2-diphenyl- 
indone (dc Fazi, Atti. Accad. Line. Roma [5], 24, I, 439). 

«,j 8 , 7 -Triphenyl-glutaric acid, C«H 5 CH(CH(C 6 H 8 )COOH]j, m.p. 237®. The 
nitrile of this acid, m.p. 138®, is obtained by the combination of benzalbenzyl- 
cyariide w ith a second molecule of benzyl cyanide {Heme, Ber. 31, 3059). 


(e) 9 J,a>-Diphenylbutane Group 

Dibenzylethane, a,5-diphenylbutane, CeHiCIL• CHi• CH*• CHjCeHs, m.p. 
52®, is produced by the reduction of A’-diphenylbutylene, C*H 6 CH 2 *CIl:CH •- 
CH 2 C#H 6 , m.p. 45°, by means of hydriodie acid. A*-Diphenylbutylene is ob¬ 
tained by the action of sodium amalgam on diphenyl-butadiene or diphenyl- 
butatriene (Siraua, Ann. 342 , 253), or from a-^enyl-cinnamenyl-aciylic nitrile, 
by the action of sodium and alcohol (Frevrui, Ber. 23, 2857). 

a,3-Diphenylbutadieiie, or diphenyldiethyleno, CaH 6 CH:CH-CH:CHC 6 H 6 , is 
known in the three theoretically possible stereoisomeric forms: the or-form (trans- 
tram), m.p. 151®, the i 8 -form (cis-cis), m.p. 70.5®, and the 7 -form {cis-tram), an 
oil. The a-form is the most stable. The two others pass into it on keeping, and 
rapidly on exposure to light. The a-form is obtained: 1, By heating a-phenyl- 
cinnamenyl-acrylic acid or dibenzalpropionic acid. From the dibromide of 
A*-diphenylbutylene by the action of quinoline. S, In smaller yield by the 
reduction of phenylacetylene with zinc dust and alcohol. 4- By action of 
magnesium on M-bromostyrene (Rupe, Ber. 43, 1232). 5, By condensation of 
cinnamic aldehyde with phenylacetic acid {Kuhn, Helv. 11, 103). The /3-form is 
obtained from diphenyldiacetylene, and the 7 -form from diphenyl-butatriene 
(m.p. 97®) by reduction with zinc dust and alcohol {Straus, Ann, 342, 238). 

* Pentacyclic « with five rings; pentacarbocyclic « ring with five members. 
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With bromine in chloroform solution, diphenylbutadlene gives a dibromide, m.p. 
141®, which can also be obtained by the addition of 2 mols. of HBr to diphenjrl- 
butatriene, and apparently contains the bromine atoms in the 1,4-position 
(StratLS, Ann. 342, 244). With two mols. of nitrogen dioxide, it combines with 
1,4-addition to give diphenyl-dinitro-butylene, C«n5CH(N02)-CHiCH-CH- 
(N02)CeH6, m.p. 158®, colourless needles, from which, by the action of alkalis, 
^phenyl-tt-nitrobutadiene, C«H6C(N02) tCH-CHiCHCeHs, m.p. 112°, is ob¬ 
tained, nitrous acid being split off. The last-named compound forms golden- 
yellow tablets (Wieland, Ann. 360, 310). 

Diphenylbutatriene, CeHs-CH-.CiCrCH'CaHs, occurs in two stereoisomeric 
forms, of which the stable trans-form, m.p. 97°, is obtained by partial reduction 
of copper phenylacetylide in glacial acetic acid with zinc dust and alcohol. The 
labile, efs-form, b.p. 188° (12 mm.), is obtained by a similar process from di¬ 
phenyl-diacetylene. By irradiation, or the presence of a trace of iodine, the 
labile form passes into the stable form (Straus, Ann. 342, 225). Diphenylbuta¬ 
triene was formerly regarded as diphenylbutenine, until ozonisation and hydroly¬ 
sis gave bcnzaldehyde and traces of oxalic acid, when it was obvious that the com¬ 
pound had the trieno formula (Grignard, C.r. 188, 1531). 

Tetraphenylbutatriene, (C 6 H 6 ) 2 C:C:C:C(CeH,) 2 , m.p. 235°, is obtained by 
the action of hydrogen iodide in glacial atactic acid on tetraphcnylbutine-diol. On 
reduction it gives tetraphenylbutane, m.p. 121°, and is readily transformed into 
triphenylbenzofulvene (Salkind, Ber. 61, 2306). 


Diphenyl-diacetylenei CeHsC!C*C• CeHs, m.p. 88°, is obtained 
from copper phenylacetylide, (C 6 H 6 C;C) 2 Cii, by shaking in ain- 
moniacal solution with air, or by the action of potassium ferricyanide 
(Straussj Ann. 342, 223). It is the parent hydrocarbon of indigo- 


.C:C—C:Cv 

blue. Its o,o'-dinitro-compound, C 6 H 4 <r yC 6 H 4 (obtained 

^NOa NOa^ 

from o-nitrophenylacetylene), isomerises in the presence of concen¬ 
trated sulphuric acid to di-isatogen, which, on reduction with ammo- 

/CO. /CO. 

nium sulphide, gives indigo blue, C*H 4 < >C:C<r >C»H 4 

NTSTTT/ 


{Baeyer, Ber. IS, 53). 


By the action of bromine in carbon disulphide, a dibromide, m.p. 42°, is ob¬ 
tained, and a tetrabromide^ m.p. 173°. On the other hand, bromination in ether 
or acetic acid solution gives tribromophenyl-naphthalene, with ring closure 
(Straiis, Ann, 342. 229). 

a,cK,d-Triphenyloutadiene, (C 6 H 6 ) 2 C:CH*CH:CHC«H 6 , m.p. 102°, and 
a,a,/3,5-tetraphenylbutadiene, (C 6 H 6 ) 2 C:C(C 6 H 6 ) CHiCHCeHs, m.p. 147°, are 
obtained by the action of diphenyl-ketene on cinnamic aldehyde and benzal- 
acetophenone, respectively, carbon dioxide being split off (Slaudinger, Ber. 42, 
4249). 

a,a.d,3-Tetraphenylbutadien6, (C«H 8 ) 2 C;CH-CH:C(C 8 H 6 )^ m^. 202°, is ob¬ 
tained from tetraphenvl-tetramethylene glycol, (C 6 Hb) 2 C(OH)-CHi-CHa*- 
C(OH) (CJIb)^, m.p. 208°, the condensation product of ethyl succinate and phenyl 
magnesium bromide (Valeur, C.r. 136, 694). 

«,^, 7 .a.Tetraphenylbutadiene, (CSb) CHiCCCeHB)•C(C8H8);CH(CeH8), is 
obtain^ from the two stereoisomeric desoxybenzoin-pinacones, by the action 
of acetyl chloride. It melts at 184°, Its dibromide, m.p. 176°, gives 1-benzal- 
2,3-diphenylinden6 on boiling with acetic acid (Orekhoff, Ber. 47, 89). 

Ketones: —^Phenylethylbenzyl-ketone, or l,4-diphenylbutanone-2, C 8 H 6 CH 2 - 
CHiCOCHiCeHB, b.i>. 234-238° (79 mm.), is obtained in the impure state from 
hydrocomicularic acid by distillation with potash, and by the distillation of 
sodium phenylacetate and calcium hydrocinnamate. It is obtained pure by 
the reduction of 1,4-diphcnylbutenone. CeHsCH:CHCOCHaCaHe, m.p. 71°, 
which is produced by the alkaline condensation of benzaldehyde and phenyl- 
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acetone (c/. p. 571 and Goldschmidt, Mo. 22, 559, 749). oj-Styrrl-acetoplienone, 
pbenyl-isocrotonophenone, CeHsCO-CHaCHiCHC^Hf, m.p. 93*^, is obtained by 
the reduction of diphenyl-a-nitrobutadiene with stannous chloride and hydro¬ 
chloric acid. It dissolves in alkalis with formation of salts of diphenyl-hy&ozy- 
butadiene, CeHsCCOH) :CH-CH:CHC«H6. It condenses with benzaldehyde to 
give dibenzalpropiophenone, C#H6COC(:CHC*H6)-011:01106118, m.p. 117® 
{Wieland, Ber. 40, 4825). o-Hyihroxystyrylbenzyl-ketone, H0[1105l40H:- 
CHOOOftOeH®, b.p. 217-219® (12 mm.), is obtained by the action of benzyl 
magnesium chloride on coumarin (Houben, Ber. 37, 498). 

Diphenacyl, 06H600‘0H2-0H**0006H6, m.p. 145®, is obtained by ketonic 
hydrolysis of phenacylbenzoylacetic ester, and by reduction of dibenzoylethylene 
and the various halogeno-diphenacyls. As a y-diketone it readily gives diphenyl- 
furan, diphenylthio^ene, and diphenylpyrrole. 

1,1-DiDenzoyletliane, (06H60O)2:0H-0H8, m.p. 84®, is obtained from phenyl- 
a-hydroxystyryl-ketone and methyl iodide in the presence of silver oxide, or from 
phenylethyl-ketone and ethyl benzoate in the presence of sodium {Abell, J. 101, 
989). 

sym-Tetrabenzoyl-ethane, (06H6*00)2-0H—0H(0«H600)2, m.p. 205®, see 
Abell, loc, cU. 

y-Chloro- and y-bromo-diphenacyl, OeHsOOOHOl • OHiOOOeHs, and OeHs- 
OOOHBr-OHsOOCeHs, m.p. 141® and 139®, respectively, are obtained from di¬ 
benzoylethylene and the halogen acids. They readily split off the halogen acids 
again. They react with potassium iodide giving y-iododiphenacyl, CeHsCO- 
CHI • CHaCOCeHs, m.p. 121 ®. Isomeric halogeno-^liphenacyls are formed by the 
action of alcoholic potash on the phenacyl halides, CeHiCOCHiX (p. 404). In 
contrast to the above compounds, they show no ketonic or diketonic reactions, and 
are characterised by the ease with which they add on carboxylic halides (acetyl 
chloride, or bromide, etc.) and the halogen acids. They appear to be derived 
from a tetrahydrofuran. a- and /3-Forms exist, differing in the space arrangement 
(cis-lrans) of the halogen atoms. The constitution: 


H 

CeH^H—Cv 

^CH--0^6H5 


is deduced in Ann. 400, 86. On reduction it gives diphenacyl. or- and 3- 
Chlorodiphenacyl, m.p. 117® and 155®, respectively, a-and /3-Bromodiphenacyl, 
m.p. 129® and 161®, respectively. 

/5-, and d-Iododiphenacyl, m.p. 82-93® (decomp.), 150-153® (decomp.) and 
113® (decomp.). If the ether solution of ghen^^l iodide is treated with sodium, 

tribenzoyl-cyclopropane, C 6 H 5 COCH<^J , is formed {Pool, Ber. 36, 

^CHCOCjHs 

2686. 2425). 

Dibenzoylethylene, C^HjCOCH: CHCOCeHs, cis-form m.p. 134®, irons-form 
m.p. Ill®, is obtain^ by heating dibenzoyl-malic acid (p. 586), carbon dioxide 
and water being split off. The cis-form is converted into the trans by m^ns of 
hydrochloric acid, and the transAoim is converted into the cis- by irradiation. 
The CIS-form reacts more readily than the tram- with hydrazine, forming diphenyl- 
pyridazine. It also enters into addition reactions more readily {Pool, Ber. 35, 
168). 

Tetrabenzoylethylene, m.p. 184®, is obtained by the action of chlorine on 
tetrabenzoylethane. It is very sensitive to light (Halban, Z. physikal Chem. 96, 
233). 

Phenacylb^nzyl-ketone, C 6 H 6 -COCH 2 COCH 2 C 6 H 6 , m.p. 54-56®, is obtained 
from phenylacetic ester and acetophenone by the action of sodium in ether. It is 
isomeric with diphenacyl (Billow, Ber, 34, 1479). 

Desyl-acetophenone, CeH^CO 011(06118)0112000111#, m.p, 126®, is obtained 
by condensation of benzoin and acetophenone by means of potassium cyanide 
(Smith, J. 37, 643; Ber. 26, 60; Am. 22, 249). For the action of hydrazine, see 
Smith, Ann. 289, 310. 

Bidesyl, dibenzoyl-dibemyl, CeH#00-0H(C6H#)CH(C6H4)0006H6, m.p. 255®, 
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is obtained by the action of iodine on sodio-desoxybenzoin, or from desyl bromide 
{Knoevenagely Bor. 21, 1355; 25. 285), when it is produced together with iso- 
bidesyl, m.p. 161®. As a 1,4-difcetone it gives tetraphenylfuran, lepidene and 
tetraphenylpyrrole. 

a,/§>Dibenzoylstyrene, CcHsCO*011:0(06116)0006115, cis-form m.p. 129®. 
(ra?ts-form m.p. 198®, is obtained by the action of alcoholic potash on benzil ana 
acetophenone. It changes, on heating into the isomeric triphenylcrotonolactone, 
m.p, 118®, a transformation involving the migration of a phenyl radical. 


C,H,CO C{Cai.):CHCOC,n. -—» (5o • C(C,H.)t • CH: C(6)C,H.. 

Dibensoylstyrene «,of,7-Triphenylcrotonolactone 

Dibenzoylstilbene, needle-shaped hydroxylepidcne, OeHsOO • 0 (Cells): 0- 
( 06 H 5 ) 00 C 6 H 5 , m.p. 220®, is obtaimxl by the oxidation of lepidene by nitric acid, 
or from thioiiessaJ (p. 560) by the action of potassium chlorate and hydrochloric 
acid. When heated it also undergoes transformai-ion into tetraphenylcrotonolac- 
tone, or table-sha^Ksd hydroxy lepidene, m.p. 136®: 

Cai.COC(CJI,);C(C,H 5 )COC.H, -^ 6oC(C,H,),-C(C,lI,) :C(6)C,II,. 

Dibenaqylfltilbene cr,a,^, y-Tetraphenylcrotonolactone 

On reduction, dibenzoylstilbene gives bidesyl. 

Diphenyl-tetraketone, C 6 H 5 COCOCOCOC 6 H 5 (+H 2 O), m.p. 87®, is red when 
anhydrous, and yellow when hydrated. It is obtained by the oxidation of 
benzoylformoin, C 6 H 5 CO*00*011(011)0006116, m.p. 170®, which is itself ob¬ 
tained from two molecules of phenyl-glyoxal under the influence of potassium 
cyanide, in the same way as benzoin is obtained from benzaldehyde. Benzoyl¬ 
formoin is also readily obtained by the action of soda on isonitroso-acetophenono 
acetate, C 6 H 5 COOH:NOCOOH 3 . Substituted diphonyl-tetraketones are ob¬ 
tained in a similar manner (Ahenins, Her. 25, 3468). Diphenyltetraketone is a 
member of the following 00 homologous series: 

Diphenyl-ketone, benzophenone, C 6 H 5 COC 6 H 5 (p. 515). 

Diphenyl-diketone, bonzil, C 6 H 5 OOCOO 6 H 5 (p. 565). 

Diphenyl-triketone, C 6 H 6 COCOCOC 6 H 5 (p. 579). 

Diphenyl-tetraketone, CeHiCOCOCOCOC'ell 5 . 

With hydroxylarnine it gives only one 1,4-dioxiine, [C6H6C(NOH)CO]i, m.p. 
176® (deconm.). The 2,3-dioxime, or dibenzoyl-glyoxime, C6H600C(N0H)- 
C(N0H)C0C6H6, m.p. 108® (dccomp.), is obtained by reduction of a peroxide, 
which is produced by the action of nitric acid on acetophenone. The 2,3-dioxime 
gives diphenyltetraketoxinie, C6H5[C(NOH)]406ll6, m.p. 225®, with hydroxyl- 
amine {Angelij Ber. 26, 528). 

Carboxylic acids.—Cyinnamylidene-phenylaciotic acid, and dibcnzalpropionic 
acid are derived from diphenylbutadiene. 

Cinnamylidene-phenylacetic acid, or ‘‘a-phenyl-cinnamonyl-acrylic acid,’* 
C6H6C(C00H):CH *CH:CHC 6 H 5 , m.p. 188®, is obtained froni cinnamic alde¬ 
hyde and phenylacetic acad. Dibenzalpropionic acid, CclUCIIiCKCOOH) *- 
CHrCHCsHs, is obtained from benzaldehyde arid styrylacetic acrid fp. 469) by 
Perkin’s method. These two diolefiuo-carboxylic acids have been thoroughly 
studied by Thiele from the viewpoint of the theory of (Conjugated double bonds 
(Ann. 306, 87-246; cf, Hinrichsen, Ber. 37, 1121). 

‘^a-Phenyl-cirinamenyl-acrylic acid” gives a dibromide, tn.p. 175® (decomp.), 
with bromine. This compound contains the bromine atoms in the 1,4-position, 
since it gives with alkali a,a-diphenyldihydrofuriin, together with a Drominatea 
acid. On the other hand the dibromide is converted into the lactone of cornicu- 
laric acid, C6H6C(COOH) :CH*00011206116, m.p. 123®, by heating with diethyl- 
aniline (isomerisation occurring). This acid can also be obtained by reduction of 
vulpinic acid (p, 586). By reduction of “phenyl-cinnamenyl-acrylic acid” the 
first product is a 2,5-diphenylpentenic acid, O6H60H(C00H)0H:OH0H2*06H6, 
m.p. 101®, which with alkali gives the a,/9-unsaturated acid, and with acetic- 
sulphuric acid gives the lactone of tetrahydrocomicularic acid, 06H60H(000H)- 
C'!H 2 *011(011)011206116. With bromine, the 2,5-diphenylpentenic acid gives 



DIBENZALPROPIONIC ACID 


585 


C.H*C: CH • CH • CHj • C,H» 

l,3->phenylbenzyl-A^-crotonolactone» ^ , which gives 


hydrocornicularic acid with alkali {Thiele^ Ann. 319, 211). 

Dibenzalpropionic acid also readily gives a 1,4-dibromide, which readily passes 
into a bromolactone and a diolefino lactone, benzalphenylcrotonolactone, 
CeHftCHiC.CHiCCeH, 


io—i 


m.p. 150"*. This gives a-phenacylcinnamic acid. 


C.H 5 CH:C(COOH)CH 2 COCaHi m.p. 171®, when treated with alkaU. On re- 
duction, the bromolactone and tne diolefine lactone give a labile lactone (1), m.p. 
101®, and a stobZs lactone (2)^ m.p. 67®, which both give a-phenacylhydrocin« 
namic acid, (3), when treated with alkali (c/. also p. .570). 


CO-O COOH CO-O 

cai.cH, • in • cii: (!;c.H.~*c.H6CH,<!5HCH,coc.H,'^cai,cH,(!;: CH • <!;hc,h, 

(1) (S) («) 


a-Benzvlphenylisocrotonic acid, CeHa * 0112011 ( 00011 ) 011 : 0110 * 115 , m.p. 
124®, is obtained by the reduction of dibenzalpropionic acid. It is characterise 
by the ease with which it passes into naphthalene derivatives. With bromine, 
HBr is split off and phenyl-bromotetrahydronaphthoic acid is formed. 

pp '-Diaminodiphenyl-cyanobutadiene, NHs [4] C 6 H 4 CH: CH • CH: 0 (ON) - 
C6H4[4]NH2, m.p. 196®, is derived from the nitrile of *‘phenyl-cinnamenyl- 
acrylic acid,*' Like benzidine and p,p '-diaminostilbene it is a starting substance 
for the preparation of substantive cotton dyes {Freundy Ber. 34, 3109). 

Diphenylbutadiene-acetic acid, CeH 6 CH:CH*CH:C(C*H 6 )CH 2 COOH. m.p. 
190®, obtained from cinnamic aldehyde and phenyl-succinic acid, gives dipnenyl- 
phenol on boiling with acetic anhydride {Fickler, Ber. 36, 1407). 

The ester of benzoylphenacyl-acetic acid, or a,/9-dibenzoylpropionic acid, 
C«H 5 C 0 CH 2 *CH(C 0 C 6 H 6 )C 00 R, is obtained from benzoylacetic ester by the 
action of phenacyl bromide. By ketonic hydrolysis it gives diphenacyl, and by 
acid hydrolysis, benzoylpropionic acid and benzoic acid. 

Isomeric with benzyloxalylphenylacetic acid, C«H 5 CH 2 CO*COCH(C*H 6 )- 
COOH, is iso-oxalyldibenzyl ketone (IS), m.p. 240-242®, The latter is formed by 
isomerisation of oxalyl-dibenzylketone (l) by heating it above its m.p. (Claiaen, 
Ann. 284, 293): 


(i) (5 oCH(c]hO^COCoShC,H. — CO • CH(C JiI)CO • 0(6): CHCm, (2) 


Isoxalyldibenzyl ketone, like pulvinic acid which is richer in carbon dioxide, is 
convert^ by alkali into dibenzylglycolic acid, (C 6 H 5 CH 2 )iC(OH)COOH. 

DibenzyUdene-succinic acid. CeHtCH:C(COOH)-C(COOH) iCHCftH#, m.p. 
201® (decomp.). Its anhydride forms lemon yellow crystals, m.p. 204®. Ben- 
zylidene- 7 -diphenyl-itaconic acid, (C*H6)iC:C(COOH) .C(COOH) iCHCeH,, 
m.p. 219®; anhydride, red prisms, 218®. These acids are obtained by the 
condensation of ethyl succinate with 2 mols. of benzaldehyde, and with benzo- 
phenone and benzaldehyde, respectively, by means of sodium ethylate (Stobbe, 
Ber. 27, 2240). On reduction with soaium amalgam they are converted into a 
mixture of two stereoisomeric diphenyl- and triphenyl-butane dicarboxylic acids 
(Stobbe, Ber. 37, 2662). When irradiated dibenzylidene-succinic anhydride is 
converted into the anhydride of l-phenylnaphthalene-2,3-dicarboxylic acid, de¬ 
hydrogenation occurring (Stobbe, Ber. 40, 3374): 


C«H5CH:C—CO 

C*H5CH: A—c(i^ 



C,H,COCHCOOH 

Dibenzoylsuccinic acid, I ; the ethyl ester of this acid, m.p. 

CaHjCOCHCOOH 

129®, is obtained from sodio-benzoyl-acetic ester by the action of iodine, in the 
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same way as ethvl diacetylsuccinate is obtained from acetoacetic ester. When 
water is removed from it it gives diphenylfuran<-dicarboxylic ester. The ester 
occurs in three forms, of which the labile, alkali-soluble one is apparently the di- 
enol form: C6H*C(6 h):C(COOH):C( fc00H):C(OH)C«H 5 . The others cor¬ 
respond to the racemic and meso-forms of diketo-esters (Knorr, Ann. 293, 70). 
CeHfiCOCCOOCjHi 

Dibenzoyhnaleic ester, it , m .p. 75*’, is obtained by the action 

CeH5COCCOOC2H6 

of iodine on disodio-dibenzoylsuccinic ester. On heating it isomerises to diben- 
CeHftCOCCOOCiHft 

zoyl-fumaric ester, || , m.p. SS**. The maleic form condenses 

^ CsHsOOCCCOCeH, 

more readily with hydrazine than does the fumaric, giving diphenylpyridazine- 
dicarboxylic ester. The potassium salt obtained by hydrolysing the ester gives 
on acidifiring, a hydrate of dibenzoylethylene-dicarboxylic acid, sometimes called 
C6HjCOC(OH)COOH 

dibenzoylmalic acid, | , which loses water and carbon dioxide 

C6H6C0C(0H)C00H 

on heating, giving dibenzoyl-ethylene (Poo/, Ber. 33, 3784). 

I^henylozal-diacetic acid, or diphenyU^etipinic acid, COOH^CHCCeHO- 
CO(jOCH(C*H 6)COOH. is isomeric with dibenzoyl-succinic acid. Its nitrile 
melts at 270® (decomp.), and is obtained by condensation of ethyl oxalate with 
two mols. of benzyl cyanide. On hydrolysis with hydrochloric or sulphuric acid, 
the nitrile does not give the free acid, but its anhydride, a monolactone, known as 
pulvinic acid: 


CaHr-<;==<;(OH)---C===C(C6Hft) .COOH 

io-—A 


m.p. 214®, and a dilactone: 


O-CO 

Ao—A 

(Karrer^ Helv. 9, 446). Pulvinic acid can also be obtained from vulpinic acid, 
CitHuOfi, a compound which forms yellow prisms, m.p. 110®, by boiling with lime 
water. Vulpinic acid is an acid occurring in certain mosses and in the lichen 
Ceiraria {Cornicularia) vulpina. When pulvinic lactone is treated with methyl 
alcoholic potash it is converted into vulpinic acid {Spiegel^ Ann. 219, 13; Volkardf 
Ann. 282, 13), Vulpinic acid is therefore to be regarded as a methyl ester of 
pulvinic acid {Volhard, Ann. 282, 1; Wolff, Ann. 288, 14). Atromentic acid, a 
p,p'-dihydroxypulvinic acid, is obtained as the lactone, m.p. 346®, by oxidation 
of atromentin (p. 508) with hydrogen perpxide {K6gl, Ann. 465, 211). Pulvinic 
acid jrives hydrocomicularic acid, or a,5-diphenyl-laevulinic acid, C 6 H 6 CH 2 CO*- 
CH 2 UH(Cells)COOH, m.p. 134®, when reduced with zinc dust and ammonia. 
Hydrocomicularic acid gives phenylethylbenzyl-ketone when distilled with lime, 
and toluene and phenyl-succmic acid when heated with caustic potash. When 
boiled with alkalis, pulvinic acid and vulpinic acid lose two mols. of carbon dioxide 
forming dibenzyl-gfycolic acid. If it is supposed that diphenylketipinic acid is 
first formed, this reaction, apart from the splitting off of carbon dioxide, is analo¬ 
gous to the oenzilic acid transformation: 


CeH6CH(COOH)-CO 

C4I,CH(COOH).Ao 


+H10 

- 2 COi 


CeHeCHav 

>C(OH)C(X)H. 

CiHeCH/ 


Btiiane-dibenzoyl-o,o'-dicarboz 7 lic acid, CC)OH»C6H4CO‘CH2*CH2COCeH4-- 
C!OOH, m.p. 166®, is also isomeric with dibenzoyl-succinic acid. It melts at 166®, 

and is obtained by boiling its dilactone, eOJne-diphthalyl, 600-CJH*6:CH- 
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CHiC'CJEIiCOO, with alkalis. Ethine-diphthalyl is obtained by the condensa¬ 
tion of two mols. of phthalic anhydride with succinic acid, carbon dioxide being 
split off {Roser^ Ber. 17, 2770). It isomerises to a naphthacene derivative when 
acted upon by sodium ethylate. 

(f) <<>,(<>-Diphen7lpentane Group 

1,5-Diphenylpentane is obtained by hydrogenation of 1,5-diphenylpentanol- 
(3) using a nickel catalyst. It boils at 324® (Sabatier^ C.r. 156, 1951). 3- 
Diphenylmethylene-1,5-diphenylpentadiene, (CoHsCH: CH) 2 : C:C(C«Hi)j, sul¬ 
phur-yellow needles, m.p. 174®, is obtained from diphenyl-ketene and dibenzal- 
acetone (Staudinger, Ber. 41, 1493). 

Ketonea ,—Diolefine ketones of this group are obtained generally by the con¬ 
densation of benzaldehydes (2 mols.) with ketones (1 mol.) which contain the 
group—CHaCOCH^: 

2C«H6CH0 + GHjCOCII, « Cellfi-CH rCHCOCHiCHCiH* + 2 H 2 O. 

Dibenzylidene-acetone, or dibenzal-acetone, CeHsCH:CH• COCH:CriC«H 5 , 
yellow needles, m.p. 112®. The oxime, m.p. 143®, gives two isomeric hydroxyl- 
amino-oximes with a second molecule of hydroxylamine. Their formula is 
C«H5CH:CHC(N0H)CH2-CH(NH0H)C6H5, and they melt at 165® and 201®, 
respectively (Minunni^ Gazz. 29, II, 387). 

With hydrogen chloride, dibenzal-acetone gives not only the normal colourless 
addition product, but also a yellow, unstable, monohydrochloride. In solution 
this partly breaks down into its constituents again, and will combine with a second 
molecule of hydrogen chloride or metallic salts, such as ferric chloride and mercuric 
chloride, giving highly coloured red double compounds (Straus^ Ber. 37, 3277; 
Vorlander, Ber. 37, 3364). 

When acted upon by acetic anhydride and concentrated sulphuric acid, diben¬ 
zal-acetone loses water and is converted into diphenyl-cyclopentenolone, 
C H CH_CH 

I *^CO, m.p. 176® (VorUinder^ Ber. 37, 1133; Liebig^ Ann. 405, 

Cja[6(>=C(OH)/ 

188). 

By the action of phosphorus pentachloride on dibenzal-acetone in benzene solu¬ 
tion a so-called ‘‘anomalous’' dibenzal-acetone dichloride, CsHj-CHCl—CH:- 
CCl—CH:CH—CeHft, m.p. 77®, is obtained. In its properties and reactions it 
shows some analogies with triphenylchloromethane. The formation of salt-like 
derivatives is to be explained by the formation of carboniura ions. It dissolves 
in concentrated sulphuric acid giving a violet colour, and gives metallic salts witli 
mercuric chloride, stannic chloride, etc., which are coloured double-compounds. 
Its reddish-violet solution in sulphur dioxide conducts electricity (HanUsch, Ber. 
55, 953; Straus^ J. pr. [2], 103, 1). The chlorine atom attached to the saturated 
C-atom is loosely bound, and can easily be replaced by other groups, such as 
OH, OCH 3 , etc. When treated with moist silver oxide, the very stable /3-chloro- 
cinnamylidene-acetophenone alcohol, (CeHs) CH (OH)—CH: CCl • CH: CH- 
(CeHs), m.p. 56®, is formed. It resembles triphenylcarbinol. Like the latter, it 
dissolves with a strong colour in concentrated sulphuric acid, and is very readily 
esterihed (methyl ether, m.p. 55®). With gaseous hydrogen chloride it is readily 
recoverted into the dichloride, and with hydrogen bromide it gives a chloro- 
bromide. In the latter it is the bromine atom that is the more reactive. On 
treatment of the methyl ether with sodium methylate, the second chlorine atom 
is replaced by methoxy. With abnormal substitution the acetal of cinnamylidene- 
acetophenone, m.p. 60®, is formed (Straus, Ann. 393, 235). 

Benzalbenzyl-acetone, C6H6CH: CHCOCH 2 CH 2 C 6 H#, m.p. 53®, is obtained 
from benzaldeiiyde and benzyl^cetone by the action of caustic soda. It is reduced 
by sodium amalgam to dibenzvl-acetone, (CeH 6 CHiCH 2 ) 2 CO, b.p. 280-285® (120 
mm.) (Harries, Ann. 330, 185). p,p’-Dinitrodibenzyl-acetone, see Fichter, Ber. 
37, 1993. 

o-Hydroxydibenzal-acetone, yellow leaflets, m.p. 139® (Kostanecki, Ber. 31, 
728). 
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o,o'-Dihydroxydibenzal-acetone, o-dicoumaric-ketone, m.p. 160*’. 
Dihydrozydibenzal-acetone, m.p. 238®, orange-yellow crystals (Zincke^ Ber. 36, 
129: VorlAnder, Ber. 62, 534). Dibenzaldiethyl-ketone, m.p. 122®, see For- 
Idnder^ Ber. 31, 1886. 

Cinnamvlidene-acetopbenone, CeHiCH:CH • CH:CHCOC«H 5 , m.p. 103®, is 
obtained from cinnamic aldehyde and acetophenone, or from dibenzal-acetone 
through the keto-chloride. Its oxime^ m.p. 131®, condenses on heating to cv,a]- 
diphenyl-pyridine (Sckoltz, Ber. 28, 1730; cf, Sorge^ Ber. 35, 1065). On treat¬ 
ment with phosphorus pentachloride it reacts anomalously like benzalacetophe- 
none (p. 577) and dibenzal-acetone (p. 577) giving a keto-chloride, CaHj—CUl=» 
CH—CH=CH~-CHC1— Cells (Stram Ann, 393, 235). 

1,3-Dibenzoylpropane, CH 2 (CH 2 COCeHe) 2 , m.p. 67®, is obtained from glutaryl 
chloride, benzene and aluminium chloride, and also by the fission of af,a'-diben- 
zoylglutaric ester which is obtained by the action of methylene iodide or formalde¬ 
hyde on ethyl benzoyl acetat^e. 1,1-Dibenzoylpropane, (C 6 HsCO) 2 CH-CH 2 -- 
CHi, m.p. 87®, is obtained by the action of ethyl iodide on the sodium compound 
of phenyl-a-hydroxy-styryl ketone (Abell, J. 101, 989). Dibenzoyl-diptenyl- 
propane, CH 2 [CH(C«Hs)COC 6 H 6 ] 2 , m.p. 146®, is obtained from formaldehyde 
and desoxybenzoin. By reduction of these 1,5-diketones, cyclic pinacones of 
the cyclopentane group are obtained (Auger, Ann. chim. phys. [6], 22, 358; 
TFis/feenus, Ann. 302, 215, 223). 

1,6-Dikotones of this group are obtained by condensation of benzaldehydes (1 
mol.) with acetophenones (2 mols.) by means of caustic soda. Benzylidene- 
diacetophenone, C 6 H 6 CH(CH 2 COC*H 6 ) 2 , m.p. 85® (Wislicenus, Ann. 302, 236). 
o-Hydroxybenzylidene-diacetophenone, (OH) [2]C6H4CH(CH2COC6H6)2. m.p. 
131®. Under other* conditions two molecules of benzaldchyde react with three 
molecules of acetophenone to give dibenzylidene-triacetophenone, CeHs^CO*- 
CH2-CH(C®H5)*CH(CO C 6 H 5 ) CH(C.H6) CII.rCO CeH 5 , m.p. 198®, and an 
isomer of m.p. 256®. 

Benzamarone, or benzylidene-5is-deso5ybenzoin, C«H 6 CH[CH(C«H 5 )CO- 
C«Hj] 2 , exists in two forms, m.p. 219®, and 180® respectively. They are ob¬ 
tain^ by condensation of benzaldehyde and desoxybenzoin, and by the action of 
desoxy benzoin on benzyl idene-desoxy benzoin in the presence of sodium ethylate. 
In a similar way, desoxybenzoin adds on to the unsaturated linkages of other ole¬ 
fine derivatives, such as a-phenyl-cinnamonitrile, beuzalacetoacetic ester, benzal- 
benzoyl-pyruvic ester, etc. (Stohbe, Ber. 34, 3898). By fission of benzamarone 
with soduun ethylate, the sodium salt of amaric acid, ( 323 H 20 O 3 , is obtained, and 
with sodium isobutyrate, dimethylamaric acid is formed, C 20 H 26 O 8 {Klingemann, 
Ann. 275, 50). By dry distillation, benzamarone is converted into desoxybenzoin 
and benzylidene-desoxybenzoin. With hydroxylamino it readily gives penta- 
phenyl-pyridine. 

Carboxyl derivatives of the <a,<a-diph€nyl-pentane group, —/3,/3-Styrylphenacyl- 
CoHoCHiCHv 

propionic acid, >CHCH 2 COOH, m.p. 125®, is obtained from the 

CrflfiCOCH*/ 

condensation product of cinnamylidene-acetophenone (see above) and malonic 
ester by hydrolysis and removal of carbon dioxide. On oxidation it gives phen- 
acyl-succinic acid, C 6 H 8 COCH 2 CH(COOH) •CH 2 COOH, (Slaudinger, Z. Natur- 
wiss. 75, 433). 

Diphenacylacetic acid, (C«HfiCOCH 2 ) 2 CHCOOH, m.p. 133®, is obtained from 
diphenacyl-malonic ester, (C 6 H 6 COCH 2 ) 2 C(COOR) 2 , or diphenacyl-acetoacetic 
ester, (C«H 6 COCH 2 ) 2 C(COCH 3 )COOC 2 H 6 , m.p. 83®^ the products of the action 
of phenacyl bromide on malonic ester and acetoacetic ester, respectively. It is 
also formed by the alkaline condensation of acetophenone and glyoxylic acid, and 
by the action of cold caustic soda on benzoylacrylic acid. In the latter case, the 
benzoylacrylic acid first decomposes into acetophenone and glyoxylic acid (J&ou- 
gaull, C.r. 148, 270), As a €-diketone, diphenacylacetic acid forms a pyridine 
derivative with ammonia (Pool, Ber. 29, 798), 

Dibenzylacetone-dlcarboxylic ester, C«H 5 CH 2 CH(COOR)COCH(COOR)CH 2 - 
C«H», is obtained by the benzylation of acetone-dioarboxylic ester, together with 
the mono- and iri-bemylated products (Fichter, Ber. 34, 1996). 

Acetone-diphthaUde, CO(CH,c!;HCJ l4[21 C06)j, m.p. 137®, is obtained from 
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phthalaldehydic acid and acetone, acetonyl-monophthalide being formed at the 
same time (Hamburger^ Mo. 19, 427). 

Benzylidene-6i6-benzoylacetic ester, C 5 H 6 CH[CH(COOR)COCftH 6 l 2 , is ob¬ 
tained from benzalbonzoylacetic ester by the action of benzoylacetic ester. It is 
readily decomposed into its components by sodium ethylate {RuhemanUj J.83, 
720). 


(g) co^cj-Diphenylhexane Group and Higher Homologues 


1,6-Diphenyl-hexadiene, CcHeCHiCH CHrCHa-CHiCHCeHs, m.p. 82°, is ob¬ 
tained, together with an isomeric liquid hydrocarbon, by the action of magnesium 
on cinnamyl chloride, CaHaCH:CHCH 2 CI (Rupe, Ber. 43, 172). 1,1,6.6-Tetra- 

phenyl-hexadiene, obtained from tetraphenylhexane-diol by boiling with hydrogen 
chloride in glacial acetic acid, gives a potassium compounth which, on replacement 
of the metal by hydrogen gives a,a~ diphenyl-propylene, (C«H 5 ) 2 C=CHCH 3 , m.p. 
48-49°. 1,6-Diphenyl-hexatriene, m.p. 200°, greenish-yellow needles, is obtained 

from hydrocinnamoin (see below). Its dibromide melts at 117°. Tetraphenyl- 
hexatriene CeH 5 CH:CH.CH:CH*C(C«H 5 ) :C(C 6 Hb) 2 , yellow prisms,m.p. 159°, 
is obtained from diphenyl-ketene and cinnamylidene-acetophenone (Slaudmger, 
Ber. 42, 4249). 1,8-Diphenyl-octatetraene, m.p. 232°, is obtained as chrome- 

yellow leaflets from succinic anhydi*ide, cinnamic aldehyde and lead oxide in 
acetic anhydride. 1,1,8,8-Tetraphenyl-octadiene (1,7), m.p. 93° (Bergynann, 
Ber. 63, 2593). 1,10-Diphenyl-decapentene, m.p. 2^°, is orange in colour. 

1,12-Diphenyl-dodecahexene, m.p. 267°, brownish-orange; 1,14-diphenyl- 
tetradecaheptene, m.p. 270°, copper-bronze colour. 

The above diphenyl-polyenes {Kuhn) are very stable, and do not polymerise. 
The colour is deeper the larger the number of conjugated double bonds. Up to 
the present stereoisomeric forms have not been di-'Covered. Those hydrocarbons 
that have been prepared appear to belong to the <raas-series. It is noteworthy 
that of the polyenes so far investigated, diphenyl-hexatriene is the most resistant 
to oxidation {Kuhn. Helv. 11, 123). 

Hydrocinnamoin, C 6 H 5 CH.CH‘CH(OH) •CH(OH) CHtCHCells, m.p. 154°, 
is obtained, together with other products, by the reduction of cinnamic aldehyde 
by the zinc-copper couple in alcohol (Thiele ^ Ber. 32, 1296). Dibenzoyl-butane 
(1,4), m.p. 107°, is obtained from adipyl chloride, benzene, and aluminium chlo¬ 
ride. With sodamide it gives bonzoyl-l-phenyl-2-cyclopentene-(l) and -(2), 
ring-closure occurring (Bauer. C.r. 155, 288). Dibenzoyldiphenylbutadiene, 
CflH,COCH:CCeH5 


[:i( 


m.p. 192°, is obtained fron benzil and acetophenone. On 

CaHeCOCHiCCalls' 

reduction it gives tetraphenylbenzene (p. 509) and its derivatives (Lehmeinn, 
Ann. 302. 195). Oxalyl-diacetophenone, C 8 H 6 COCH 2 COCOCH 2 COC 6 H 5 , m.p. 
180°, is obtained by condensation of two mols, of acetophenone and ethyl oxalate 
with sodium ethylate. For reduction products of this tetraketone see Schmidt^ 
Ber, 28, 1206. 

6i>,co-Diphenyldiketohexane, (C 6 H 6 COCIl 2 CH 2 ) 2 , diphenyldike to-octane, (CeHj- 
COCH 2 CH 2 Cn 2 ) 2 , and diphenyldiketononane, (C 6 ri 6 COCH 2 CH 2 CH 2 ) 2 CH 2 , are 
obtained from the chlorides of adipic, sebacic, and azelaic acids wnth benzene and 
aluminium chloride (Etaix, Ann. cnim. phys. [7], 9, 299), Cinnamylidene- 
benzylidene-acetone, C«H 6 CH:CH-CH:CIICOCH.CHC 8 H 5 , m.p. 106°, is de¬ 
rived from a w.co-diphonyIheptane. It is obtained from cinnaraylidene-acetone 
and benzaldehyde (Slacdel. Ber. 29, 615). Dicinnamylidene-succinic anhydride, 
CeHsCHiCHCHiCCOv 

i >0, m.p. 215°, cinnabar-red needles, is obtained by the 
•CCK 

condensation of cinnamic aldehyde and sodium succinate in the presence of acetic 
anhydride (Fiiiig, Ann. 331, 167). 
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C. Condensed Nuclei 

The condensed nuclei to be discussed in this section are character¬ 
ised by the fact that in them C atoms of benzene nuclei participate in 
the formation of other carbocyclic rings. 

In earlior chapters, many substances with a bicyclic structure were discussed. 
It may be pointed out that the capacity for forming bicyclic combination is often 
observed with the alicyclic compounds. On account of the plane structure of 
the benzene ring, the attachment of a second ring to the aromatic nucleus can, in 
general, only take place in the 1,2-position. Only rings with a higher number of 
members can attach themselves in the 1,3- or 1,4-positions {Ziegler^ Ann. 511, 1). 

In this chapter we shall deal first with the following condens^ ring systems: 



Indene Fluorene 



Naphthalene 


HC CH HC_CII 

HC c \_y c^Cii 

HC~CH 


H II 


H H H 


Phenanthrene 


Anthracene 


In addition to these important parent substances a large number of 
other condensed systems will be mentioned, which are derived from 
the above fundamental types by the attachment of five- or six-mem- 
bered rings. 

Condensed aromatic compounds show in general the behaviour of 
the simple benzene derivatives; but because of their particular struc¬ 
ture they show a number of small deviations from the characteristic 
properties of benzene derivatives. By the appropriate oxidation 
they are converted, like the benzene homologues, into benzene- 
carboxylic acids. The parent hydrocarbons of these groups occur, 
like benzene, chiefly in coal-tar, from which they are obtained in 
greater or lesser amounts. Naphthalene and anthracene are the 
most important technically. 
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H Indene U B Hydrindene 
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Indene received its name from indole, which was discovered earlier, and which 
it resembles in structure. If NH is substituted for the methylene group of indene, 
the formula of indole is obtained. 

Indene, CgHg, m.p. -2®, b.p. 182.3®, du 1.0002, n\?® 1.5773 occurs, together 
with coumarone, which it resembles in its behaviour to a considerable extent, in 
that fraction of coal-tar boiling between 175 and 185® (Marckwald Bor. 28,114). 
It can be extracted from it by means of its sodium salt, obtained by heating the 
coal-tar fraction with sodium or sodamide {Weissg&rher^ Ber. 42 , 569; Spilkor^ 
Ber. 42, 572). Another method of purifying it depends on the difficultly soluble 
picrate, m.p. 96® {Kraemer, Ber. 23, 3277). Considerable quantitites of indene 
are obtained when coal-gas is cooled (Dennsledi, Ber. 28, 1331). It is obtained 
by the pyrogenic condensation of acetylene, and from the synthetically prepared 
hydrindene-carboxylic acid by distillation of its calcium salt {Perkin, J. 65, 228). 
The most convenient method is by heating 1-hydrindaraine hydrochloride {Kip¬ 
ping, Proc. 16, 54). Indene is autoxidisablo, and readily polymeri'^es. Even at 
ordinary temperatures and in the dark, and more rapidly in the presence of sul¬ 
phuric acid, kieselguhr, or metallic halides, such as stannic chloride, it gives poly- 
indene, which has a varying molecular weight according to the catalyst and reac¬ 
tion temperature. The polymers are not crystalline, and still contain one double 
bond per molecule of indene, so that they can be hydrogenated to polyhydrindenes. 
For the constitution of these compounds, see Whilhy, Am. 50, 1160; Staudinger 
Helv. 12, 934. Indene combines with chlorine and bromine to form dibromo- ana 
dichloro-hydrindenes. Like the terpencs it combines with nitrosyl chloride and 
nitrogen trioxide to give indene-nitrosochloride and indene-nitrosite, a-form 
m.p. 108° (decomp.), /3-form m.p. 137® {Dennsledl, Ber. 28, 1331). On treat¬ 
ment with sodium and alcohol, indene is reduced to hydrindene. By heating to 
redness, two molecules of indene condense to chrysene, with the splitting off of 
four atoms of hydrogen (p, 692). 

The hydrogen atoms of the CH 2 group are reactive, like those of cyclopentadiene. 
The formation of a sodium salt on heating with sodium or sodamide has already 
been mentioned. It combines with ethyl oxalate in the presence of sodium ethy¬ 
late to give indene-oxalic ester. With aldehydes, and (though with rather greater 
difficulty) with ketones, intensely coloured hydrocarbons, derivatives of benzo- 
fulvene, are formed by alkaline condensation: 



Benzofulvene 


Isomerism of indene derivatives ,—Positions 1, 2, and 3 of indene are 
not equivalent. Three position-isomeric substitution products of 
indene would therefore be expected when the substituents are in the 
five-membered ring. It has, however, been shown that the 3- 
derivatives of indene very readily pass into the 1-derivatives. This 
fact led to the erroneous conclusion that both 1- and 3-derivatives 
could not exist owing to an ‘^oscillation of the double bond in the five- 
membered ring of indene’’ {Thiele^ Ann. 347, 249). 


Derivatives of indene can be synthe^i'^ed by the following methods, which are 
remini cent of tho«c u«ed for the cyclopentanes: 

1 . Benzene derivatives with the grouping conden.se to indene derivatives with 
loss of water; 

(a) Nitro-«-alkyl-cinnamic aldehydes give on reduction amino-2-alkyl-indenes 
{Miller, Ber. 22, 1830) 


NO*C«Hr 


OCHv 


CCH, 


Nitro-o-methyl-cinnamio aldehyde 


■> 





•CH,. 


Amiiio- 2 -methyl-indeiie 
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In a similar way, when benzyl-acetone and benzyl-acetoacetic ester are warmed 
with sulphuric acid, 1-methyl-indene and l-mefchyl-indene-2-carboxylic acid are 
formed (Roser^ Ber. 20, 1674; Ann. 247, 157): 


OC^CH, 

Benayl-acetone 


C,H4< >ch 

1-Methyl-indene 


OC<-CH, 

CaHjv >CIICOOII - 

Bensyl-acetoacetic acid 


CflHZ '^CCOOH. 

Methyl-indene carboxylic 
acid 


(6) When substituted cinnamic acids arc treated with hot sulphuric acid or 
phosphorus pentoxide, indone derivatives are formed {Bakunin, Gazz. 30, II, 
340). Halogen- and nitro-substituted alkylated hydrocinnamic acids (whether 
alkylated in the nucleus or the side-chain) give dihydroindones. Cinnamic acid 
and hydrocinnamic acid themselves react in the same way as cinnamic aldehyde 
{Roser, Ann. 247, 140; Miller, Ber. 25, 2095; Lieberinann, Ber. 25, 2129; 31, 
2095): 


HOCO 


^CB 


CBr 


Dibromocinnamic acid 



Dibromoindone 


HOCOv 
CeHfiv >CH-CeH6 


H, 

«-Phenyl-hydrociiinamic acid 


.CO. 

C«H4< >CH.CeH6. 

2-Phenyl-hydrindone 


2. Derivatives of hydrindene are obtained like tho'sse of cyclobutane and cyclo¬ 
pentane, by the action of o-xylyleiie halides on diethyl malonate or acetoacetic 
ester and scxlium ethylate {Baeyer, Ber. 17, 125; Schcrka, Ber. 18, 378): 


.CHzBr /COOR 

CeH/ + Na2C< 

\CII 2 Br \COOR 


Cell4<^ ^C(C00R)2. 


Sa. The formation of 1,3-diketohydrindones from ethyl phthalate and ali¬ 
phatic esters or ketones corresponds to the condensation of ethyl oxalate to cyclo¬ 
pentane derivatives {Wislicenvs, Ann. 252, 72; Schwerin, Ber. 27, 104; WislU 
ceniis, Ann. 277, 362): 


.COOR 

CeH 4 < + H 3 CCOOR 

\COOR 


.CO. 

C®I^4\^q/CH • COOR. 


Sb. 


The phthalide compounds, C«H 


C==CHR 




, obtained by the action of 


aliphatic acids on phthalic anhydride are converted by sodium ethylate into the 
sodium compounds of the isomeric diketo-hydrindenes {Gabriel, Ber. 26, 954; 
Nathanson, Ber. 26, 2576; Eibner, Ber. 39, 2202): 



4a. The formation of hydrindones by the distillation of salts of o-phenylene- 
acetic acid and hydrocinnamic-o-carboxylic acid, corresponds to the formation of 
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^clic ketones from dicarboxylic acids of the adipic seres (Schadf Ber. 26, 222; 


y’islicenuSf Ber. 26, R 708): 

^CHjCOOH 
'-CH2COOH 


C.H4<^ 


-» c 




/CH^CHjCOOII 

CeH4< 

^COOH 


-> Cell/ >CH,. 


4 b, By the action of sodium or sodium ethylate on the esters of o-phenylcne- 
diacetic acid or hydrocinnamic-n-carboxylic acid ri^io to hydrindone car¬ 
boxylic esters, in an analogous way to the cyclic acetoacetic condensation: 


/CH2CH2COOR 

C.H< 

\COOR 



CH-COOR. 


In a similar way l-cyano-2-imino-hydrindene is obtained from o-phenylene- 
diacetonitrile by the action of sodium ethylate (Moore, Proc. 24, 12; J. 93, 165) : 


Ci,/ 


-CH2CN 

CHaCN 


CeH/ >C= 
\ CH^CN 


=NH. 


5. Hydrindone derivatives are formed by the alkaline condensation of phthal- 
aldehyde with methyl-ketones and methyl-ketocarboxylic acids (Thiele^ Ann. 
347, 112; 369,287): 


/CHO 

\CHO 


+ CH3COCH, 


✓ CO V 

CeH4<^ >CHCOCH,. 




6. The formation of indene derivatives from naphthalene derivatives should 
be specially noted. Here a six-mombered ring is converted into a five-membered 
one, just as cyclopentadieiie derivatives are formed from benzene derivatives, and 
fiuorene derivatives are obtained from phenanthraquinone, etc. Thc'C trans¬ 
formations occur by the aedion of chlorine or hypochlorous acid on naphthols, 
naphthaquinones, aminonaphthols, etc. Keto-derivativo'' of hydronaphthalene 
with the group CO CO, or CO-CCh are fir.'it formed, which then undergo fission 
{Zinck(\ Ber. 20^ 2890; 21, 2719). Thus dichloro-l,2-naphthaquinone gives 

dichloro-hydroxymdene-carboxylic acid (bcnzilic acid transformation): 




CO —CO 

cci=(!:ci 


/C(OH)COOH 

cj.<^ca 


Dichloro-l,2-naphthaquinone Dichloro-hydroxyindene carboxylic acid 


INDENE DERIVATIVES: 1-Methyl-iiidene, C«H4 C3H3 CH3, b.p. 206 ®, is 
obtained by methylation of sodio-indene, and synthetically from benzyl acetone. 
It can also be obtained from its carboxylic acid by splitting off carbon dioxide. 

l, 2-Dimethyl-indene, b.p. 112°, (19 mm.); picrate, m.p. 11°. 1,3-Dimethyl- 

indene, b.p. 212-214°; picrate, m.p. 95°. 1-Ethyl-indene, b.p. 215-216°; 1- 

allyl-indene, bqj. 138° (27 mm.); 1-benzyl-indene, m.p. 33-34°, b.p. 179° (11 
mnu), CflH4: C 3 H 3 • CH 2 • C JIs; 1,3-dibenzyl-indene, C 6 H 4 • C 3 H 2 (CH 2 C 4 H 5 ) 2 , 

m. p. 63°, obtained by the benzylation of indene, and by the reduction of benzyl- 

ben zylidene-indenc, m.p. 137°, with aluminium amalgam (Thiele, Ann. 347, 262; 
Wislicenus, Ann. 436, 10). 1-Phenyl-indene, m.p. 23°, b.p. 153-154° (14 mm.), 

is obtained from indanone-1 and plienyI magnesium bromide. 2-Phenyl-indene, 
m.p. 167° (Mayer, Ber. 54, 1398). For further methods of preparation, see 
Roger, Ber. 62, 1059. 3,3-Diphenyl-indene, m.p. 91-92° (Gagnon, Ann. chim. 
[10], 12, 296); 1^-diphenyl-indene, m.p, 108° (Thiele, Ann. 393, 61; Ruggli, 
Ann. 414, 125; Roger, Ber. 62. 272) is obtained by the isomerisation of 2,3- 
diphenyl-indene, m.p. 118°, witn alkali (Ruggli, Ann. 414, 125; Orechoff, Bull. 
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[4], 31, 253); 1,3-diphenyl-indene, m.p. 71-72® (Ber. 57, 1983). 1,2,3- 

Triphenyl-indene, m.p. 135° {Kohler, Am. 40, 217). 1,3,3-Triphenyl-indene, 
m.p. 135® {Vorldrifier, Ber. 39, 1030). 6-Amino-2-methyl-, -ethyl-, -isopropyl 
indene, m.p. 98®, 89®, and 84®, respectively. 

BENZOFULVENES. 3-Methylene-indene, or bcnzofiilvene, m.p. 37®, b.p. 
134® (10 mm.), 



is obtained by removing hydrogen from benzofulvanol. It readily polymerises 
and is autoxidisable. It is peculiar that the semi-cyclic double-bond does not add 
on bromine {Bergmann, Ber. 64, 1481). Benzofulvanols are obtained by the de¬ 
composition of indene-magnesium halides with aldehydes or ketones. 3-Benzyl- 
idene-indene, or w-phenylbenzofulvene, m.p. 88°, yellow leaflets, is formed by 
removing hydrogen from 3-hydroxybenzyl-indene (I), 

CH 

(I) CeHfi CH 

\!H—CH(OH)C,H., 

which is itself formed by the condensation of indene and benzaldehyde. It 
readily transforms' into l-hydroxybenzylidene-indene, which can now react a 
second time with benzaldehyde. l-Hydroxybenzyl-3-benzylidene-indene (II), 
m.p. 135®, is thus formed in yellow crystals: 


(ii) 


C==CH—C,Hs 

\:h 

\ 

C—CH(OH)C,H 


6« 


3-Cinnamylidene-indene, m.p. 190®, yellowish-red needles. 1-Substituted 
benzofulvenes can exist in an isomeric form which is formed by a displacement of 
the double bonds under the influence of alkali. Thus, co-phenyl-1-benzhydryl- 
benzofulvene (III) will become co,co'-diphenyl-1-benzyl-benzofulvene (V). An¬ 
other form (IV) may also occur intermediately, and havS, in some cases, been iso¬ 
lated {Thiele, Ann. 415, 257; Bernthsen, Ann. 415, 274 ; Wuest Ann. 415, 201). 
3,3'-Di-indenyl, m.p. 99-100®, is obtained by the action of iodine on 3-indone- 
magnosium halides {Grigiiard, C.r. 154, 361): 


CH(C«H5)2 

C,H4 CH - 

\c/ 

H(!!c^H5 

(III) 


C(C.H4)j 

\c/ 


■> 


h<!!:c,h. 

(IV) 


C(C,H5)2 

cai. CH . 

w 

Hj(';C,H. 

(V) 


3-Bromoindene, b.p. 126® (22 mm.), is obtained by the action of cyanogen 
bromide on 3-indenc magnesium halides. With bromine it gives a tribromoin- 
dane, m.p. 133-134° {Grignard, C.r. 154, 361). 

A 5-bromoindene, C«H 3 Br(C 3 H 4 ), b.p. 243°, is formed by the action of bromine 
on hydrindene {Perkin, Ber. 26, 2251). It gives 4-bromophthalic acid on oxida¬ 
tion. By the action of bromine in cold chloroform on hyarindene, 1,5-dibromo- 
indene, m.p. 32°, b.p. 143.5-144.5® is formed. For other bromo- and poly- 
bromoindenes see Jacobi, J. pr. [2], 129, 55. 

2-Nitroindene, C 0 H 4 :C 3 H 8 NO 2 , m.p. 141®, yellow crystals, is obtained bydis- 
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tillation of indene-nitro^ite with steam. It is reduced by zinc dust and glacial 
acetic acid to 2-hydrindone-oxime (Wallach, Ann. 336, 1). 

Indene>2-aldehyde, m.p, 50-51®, is obtained from the dialdehyde of hydro- 
cinnamic-o-carboxylic acid by the action of 10% sulphuric acid {von Braun, Ber. 
56. 2139): 


H 

C=0 O 


CH,—(In 




C,H^ 


CH o 
'C—IlH. 


Indene-3-nitrile, b.p. 140-142® (14 mm.) is obtained by the action of cyanogen 
chloride on indene magnesium halides. On hydrolysis it gives chloro-imino- 
ether of indene-3-carboxylic acid (Grignard, C.r. 154, 361). This acid can also 
be obtained from sodio-indene and carbon dioxide {Weissgerber, Ber. 44, 1440). 
Indene-nitriles, which contain the CN group in the side-chain, can readily be ob¬ 
tained from hydrindones by condensation with cyanoacetic ester and hydrolysis 
with sodium ethylate. Indenyl-2-acetonitrile, m.p. 18°, indenyl-2-propionitrile, 
m.p. 118° {Ingold, J. 115, 143): 




cn(CN)—COOC2H5 


/C1I2X 

CeHZ >CCH,-CN. 


Indene-1-carboxylic acid, m.p. 70°, is obtained from l-bromoindene by combi¬ 
nation with carbon dioxide, brought about by the Grignard reaction {Jaoobi, J. pr. 
[2], 129, 55). 

Indene-2-carboxylic acid, C«H 4 C 3 H 3 -COOH, m.p. 222-230°, is obtained by 
the action of bromine on hydrindene-2-carboxylic acid. l-Methyl-indene-2- 
carboxylic acid, m.p. 200°, is obtained from benzylacetoacetic ester. 

Indene-1,2-dicar boxy lie acid, decomposes at 215°, is obtained from benzyl- 
oxalacetic ester by removal of water and hydrolysis. Diethyl ester, m.p. 78® 
{Bougault, C.r. 159, 745). 

Indene-3-oxalic acid ethyl ester, C 6 H 4 .C 3 H 3 COCOOC 7 II 6 , m.p. 87°, orange- 
red needles, is obtained from indene, ethyl oxalate and sodium ethylate. When 
reduced with aluminium amalgam it gives indene-3-hydroxyacetic ester, C 6 H 4 :- 
C 3 H 3 *CH(OH)COOC 2 n 6 , b.p. 172° (13 mm.). Benzofulvene-carboxylic acid. 
C 6 H 4 .CJ 12 .CHCOOH, decomposing at 175°. orange-yellow leaflets, is formed 
from the latter by hydrolysis and removal of water. When benzofulvene- 
carboxylic acid is reduced, indene-1-acetic acid, C 6 II 4 .C 3 H 3 - 011200011 , m.p. 
96°, is formed, which by successive condensation with ethyl oxalate, reduction, 
hydroly^i^, and dehydration gives «-carboxybenzofulvene-l-acetic acid, CcH 4 :- 
C8H(:CH000H)CH2C00H, m.p. about 245° (decomp.) {Tlude, Ann. 347, 
275). 

l,2-Dichloro-3-hydroxyindene carboxylic acid, m.p. 100°, is obtained from 
dichloro-/3-naphthaquinone; it is oxidised to dichlorindone by chromic acid, and 
on heating with concentrated sulphuric acid it is converted into chlorindone- 
carboxylic acid {Zincke, Ann. 283, 341). 

Ketonic derivatives of indene are called the indones. They give 
an emerald green colour with concentrated sulphuric acid, which, 
however, is also given by indene and 2,4-diphenyl-indene {de Fazi^ 
Gazz. 51, I, 164). Alkylated indones are obtained from a- and jS- 
alkylcinnamic acids by the action of sulphuric acid. They are yellow 
to orange-coloured oils or crystals, which very readily decompose. 

1-Methyl-indone, b.p. 140-141° (19 mm.). 2-Methyl-indone, m.p. 47-47.5°. 
l-£thyl-indone, m.p. 43.5° (Bqr. 55, 981). 1-Phenyl-indone, m.p. 69-71°, is 

obtained in small yield by the action of sulphuric acid on jS,/3-diphenyl-lactic 
ester {Fazi, Gazz. 49, II, 253). 
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yCCCeHs)^ 

1,2-Diphenyl-indone, C 6 H 4 <; ^CCCeHs), m.p. 151®, 

^CO-^ 


forms purplish- 


red crystals, and is obtained, together with triphenylacrylic acid (p. 573), by the 
condensation of benzophenone chloride with ethyl phonylacetatc. On reduction 
it gives triphenylpropane, and on fusion with caustic potash it gives a,^-diphenyl- 
vinyl-o-benzoic arid, from which it can be re-obtained, with triphenylacrylic 
acid, by heating with zinc chloride {Meyer^ Ber. 30, 1281). 

It is also obtained from the dibromide of benzylidene-dcsoxybcnzoin by heat¬ 
ing to 140-150® (Orechofft Bull. [41 25, 597) or by the action of phenyl magne¬ 
sium halides on benzal-phthalide {Weiss, Ber. 58, 2736). The latter method can 
also be used for the preparation of various substituted dialkyl-indones. 

2-Phenyl-o, m-, and p-nitro-indone, N02C8H8<' ^CCCaHs), m.p. 139®, 

205®, and 215-217®, respectively, are obtained from o-, m-, and p-nitrophenyl-a- 
phenylcinnamic acids {liakunin^GsiZz. 30, II, 340). 

Indone-2-acetic acid, -011200011, m.p. 99®, lemon-yellow 

prisms, is obtained by the action of concentrated sulphuric acid on phenylitaconic 
acid. By further treatment with mineral acid it is converted into the saturated, 
colourless lactone, m.p. 123® {Schmidt, Ber. 41, 3983). In a similar way, 1- 
methyl-, 1-phenyl-indone-2-acetic acid, and 1-phenylindone-2-propionic acid 
m.p. 155®, 167®, and 168°, respectively, are obtained from methylphenylitaconic 
acid, diphenylitaconic acid, ancia-methyl- 7 , 7 -diphenylitaconic acid, respectively. 
yCO. 

1-Bromoindone, 0flH4<r ^CH, m.p. 64°, 1,2-dichloro- and -dibromo-in- 
^OBr^ 


done, 06H4:03Br20, m.p. 90® and 123®^ have been obtained synthetically from 
monobromo-, dichloro-, and dibromo-cinnamic acids {Lanser, Ber. 32, 2477; 
Schlosshcrg, Ber. 33,2426). The 1-halogen atom in these substances is readily re¬ 
placed by OH or NHR on warming with caustic soda and aliphatic or aromatic 
amines, respectively. 2-Chloro- and 2-bromo-l-hydroxyindone, m.p. 114° and 
119°, respectively. 1-Anilino-indone, m.p. 205® (decomp.), is converted by 
hydrochloric acid into diketohydrindene (p. 599). One halogen atom also reacts 
sodio-malonic ester, sodio-acetoacetic ester, etc. The substances pnxluced, 

. (C9H4BrO)CH(COOC2H8)2, m.p. 130®, and (C9H4BrO)CH(COCH3)COOC2H6, 
readily wilh m.p. 81°, are pale yellow in colour, but with alkalis become a beau¬ 
tiful purplish red, the solution recalling that of cochineal {Lieberniann, Her. 31, 
2079, 2903; Lanser, Ber. 33, 2418; Schlossberg, Ber. 33, 2425). 'For the action 
of sodium ethylate on dichloro- and dibromo-indones, see Ber. 35, 2938. 

Perchloroindone, CeChiCjChO, m.p. 149°, is produced in a peculiar reaction 
from a monocyclic pentene derivative, hexachloro-hydroxycy(dopentene-carboxylic 
acid, the decomposition product of hexachloro-diketocyclohexene, by warming 
with water or sodium acetate solution {Zincke, Ann. 367, 1); it can also be ob¬ 
tained from hexachlororesorcinol and from tetrachloro-o-cresol {Zincke, Ann. 
394, 3). 

HYDRINDENE DERIVATIVES. Hydrindene, C 8 H 4 :C 8 H«, b.p. 177®, is ob¬ 
tained by the reduction of indene with sodium and alcohol, or by catalytic hydro¬ 
genation. It is found in coal-tar in the cumene fraction, and it can be obtained 
from that source through its sulphonic acid {Moschner, Ber. 33, 737; 34, 157). 
On heating with hydrogen and finely divided nickel it is reduced to octahydrin- 
dene, bicyclononano, C 9 H 16 , b.p. 164°. Substituted hydrindenes are obtained by 
reduction of the corresponding indenes or indandiones {Fleischer, Ann. 422, 
231; Freund, Ann. 414, 31). A bromohydrindene, m.p. 125®, is obtained from 
hydrindene and bromine {Borsche, Ber. 54, 102). 5-Bromohydrindene, b.p. 
113-114® (16 mm.), is obtained from 5-aminohydrindene {Borsche, Ber. 59,1913). 
Dichloro- and dibromohydrindene, CeH 4 :C 8 H 4 Br 2 , an oil, and m.p. 32°, respec¬ 
tively, give on warming with water chloro- and bromo-hydro^hydrindene, m.p. 
129® and 131 °. These are converted by ammonia in the cold into amlnohydroxy- 
hydrindene, m.p. 133®. When this is acted upon by nitrous acid it gives 1,2- 
dihydroxyhydrindene, OeHirCsHsCOH)!, m.p. 99®, which can also be obtained 
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from indene by the action of permanganate {Spilker. Ber. 26, 1539; Heusler, 
Ber. 32, 30). 

When hydrindene is nitrated it gives a mixture of 4- and 5-nitrohydrindene. 
Pure 4-nitrohydrindene, m.p. 40®, b.p. 145-146® (16 mm.), can be obtained by a 
rather roundabout method frorn 6-acetyl-4-nitrohydrindene (Borsche, Ber. 54, 
102; 59, 1909). The sulphonation of hydrindene leads to a mixture of 4- and 5- 
monosulphonic acids, the latter predominating at higher temperatures {Borsche, 
Ber. 54, 105). 

1-Aminohydrindene is obtained by the action of ammonia on 1-chlorohydrin- 
dene {Couriot^ C.r. 178, 493). 2-Aminohydrindene is a colourless oil, b.p. 229®, 
which is obtained by the Curtius degradation of hydrindene-2-carboxylic acid. 
The hydrochloride, m.p. 240-241®, causes an increase in blood pressure. 4- 
Aminohydrindene, m.p. —3®, is obtained by reduction of the nitro-compound 
(Goth, Ber. 61,1459). 5-Amino-hydrindene, b.p. 146-147® (25 mm.), is obtained 
by the Beckmann transformation of 5-ethyl-hyarindone-oxime (Borsche^ Ber. 57, 
658). 5-Hydroxy-hydrindene, m.p. 55®, is obtained from the 5-amino-com- 
pouiid. For hydroxyaraino-hydrindenes, see von Braun, Ber. 55, 3648; MilU, 
J. 1930, 2510. 

Hydrindene-2-carboxylic acid, C 6 H 4 (CH 2 ) 2 CH-COOH, m.p. 130®, gives indene 
when its salts are distilled, and is convert^ into indenc-carboxylic acid by bro¬ 
mine. It is oxidised by permanganate to phthalonic acid (p. 440). It is obtained 
by removing carbon dioxide from hydrindene-2,2-dicarboxylic acid, m.p. 199°. of 
which the ester can be obtained synthetically from xylylene bromide and diethyl 
malonate (p. 592). By the action of acetoacetic ester on xylvlene bromide, 2- 

/COCHa 

acethydrindene-carboxylic ester, C«H 4 (CH 2 ) 2 C<^ , is formed. 1-Methyl- 

hydrindene-2-carboxyUc acid, m.p. 86®, see Neville, Proc. 22, 64; J. 89, 383. 
Hydrindene-5-carboxylic acid, m.p. 178-179®, is obtained from hydrindene, 
oxalyl chloride, and aluminium chloride at 0® {von Braun, Ber. 53, 1159). 

Hydrindene-2-methyl-, -ethyl-, and -phenyl ketones are obtained by the dis¬ 
tillation of the calcium salt of hydrindenecarboxyiic acid with calcium acetate, 
propionate and benzoate, respectively {Spilker, Ber. 26, 1539). 

Hydrindene-5-methyl ketone, b.p. 134-135® (11 mm.), is obtained from hydrin¬ 
dene, acetyl chloride and aluminium chloride {von Braun, Ber. 53, 1164). 

yCH2x , 

1-Hydrindone, or lAndanone, CgHk /CH 2 , m.p. 4|®, b.p. 244®, is ob- 

tained by the dry distillation of hydrocinnamic-o-carboxylic acid (p. 394), by 
warming o-cyanohydrocinnamic ester with concentrated hydrochloric acid, and 
from the action of aluminium chloride on i3-phenylpropionyl chloride {Thiele, 
Ann. 376, 271). It can also be obtained from hydrocinnamyl chloride and ben¬ 
zene by the action of aluminium chloride {Aarngat, Bull. [4], 41, 940), or by 
oxidation of 1-chloroindane with dichromate {Coiirlot, C.r. 182, 320). The 
phenylhydrazone melts at 131®. The oxime, m.p. 146®, is converted into 1- 
aminohydrindene on reduction. This substance boils at 220®, and its hydro¬ 
chloride is converted almost quantitatively on heating into ammonium chloride 
and indene. With nitrite, the amino-compound gives l-hydroxy-hydrindene, 
m.p. 54® {WisHcenus, Ann. 275, 347; Kipping, Proc. IS, 172; 16, 54). 1- 

Hydrindone-oxime is converted into hydrocarbostyril by phosphorus penta- 
chloride (Beckmann transformation) {Kipping, Proc. 1893, 240). 


CH,-V 

CeH4< >CH, 

\C(NOH)/ 


,CH2—CH, 
CeH4< I 
\NH—CO 


With hydrazine, hydrindone gives hydrindene-azine, C 2 H 8 :N*N^C#H 8 , m.p, 

165®. With nitrous acid it gives isonitrosohydrindone, C 8 H 4 <^^^*^C:NOH, 

m.p. 210® (decomp.), which gives an osazone, m.p. 229® with phenylhydrazine. 
which is isomeric with the dihydrazone obtained from 1,3-diketohydrindene, and 
gives 2-amino-l-hydrindone on reduction (Gabreil, Ber. 29, 2605; Kipping^ 
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Proc. 1895, 214; J. 71, 238). By the action of concentrated sulphuric acid a 
Beckmann transformation takes place, and homophthalamidic acid is formed 
(Peters^ Ber. 40, 240). It is very easily decomposed with formaldehyde and 
hydrochloric acid. From 2-isonitroso-3-methyl-hydrindone, m.p. 130®, 3- 
methyl-l, 2 >indandione is formed in this way (von Braun, Ber. 46, 3041). With 
benzalde^de (cf. Feuerstem, Ber. 34, 412) 1 -hydrindone gives a benzylidene 
compound, C 9 HeO: CHCeHs, which forms yellow crystals, m.p. 114®. The same 
compound is formed by the action of concentrated sulphuric acid on a-benzyl- 
cinnamic acid (p. 580). 2 moLs. of hydrindone will condense to give anhydro- 
5is-hydrindone, C^HeOiCsHg, m.p. 143®. On further condensation the hydro¬ 
carbon, truxene, or tribenzylene-benzene, CarHig, m.p. 365-368°, is formed. 



This compound is also obtained by the decompo>sition of dccacyclene (Dziewonski, 
Ber. 46 2156; Slohbe, Ber. 52, 1023; 60, 457; Bull. Acad. Sci. deCracovie, 1915, 
Jan .-March) and by the energetic reduction of truxone (p. 601). 

Truxene-quinone, or tribenzoylene-beuzei^e, C 27 H 12 O 3 , orange-yellow needles, 
m.p. above 360®, is obtained by the oxidation of truxene (Liebermann, Ber. 23, 
318) and by heating 1,3-diketohydrindene (Koslanecki, Ber, 30, 2143). With 

C8H4 V 

phthalaldehyde 1 -hydrindone condenses to give 2 ,3-benzo-fluorenone, yCr 


(p. 683) (Thiele, Ann. 369, 288). When o-, m-, and p-methylhydrocinnaraic 
acids are heated o-, m-, and p-methyl-1-hydrindone are formed. The constitu¬ 
tion of these acids has been established by their oxidation to various methyl- 
phthalic acids. Rz-Chloro-, bromo-, and -iodo-, and -nitrohydrindones behave 
similarly (Miller, Ber. 25, 2095). 

2-Methyl-l-hydrindone, b.p. 168® (11 mm.) (Kipping, Proc. 18, 34), and 2- 
phenyly 1-hydrindone, m.p. 78®, are obtained from a-methyl- and a-phenyl- 
hydrocirmamic acids. When an ether solution of 2-phenyl-hydrindonc is shaken 
with caustic soda it is partly converted into 2-phenyl-hydroxy-hydrindone, m.p. 
129°, and some ring-fission also takes place with formation of desoxy benzoin- 0 - 
carboxylic acid, CeH4(COOH) •CH 2 COCftH6 (p. 569) (Miller, Ber. 26, 2095). 
1-Phenyl-3-hydrindone, m.p, 78°, is obtained from /3,i8-diphenylpropionic acid 
and sulphuric acid, or from cinnamyl chloride, benzene, and aluminium chloride 
(Liehermann, Ber. 26, 2128; Kohler, Am. 44, 60). 

2,2-Dimeihyl-l-hydrindone, CaHk >C(CH 3 ) 2 , m.p. 45®, is obtained from 


a,a-dimethyl-^-phenylpropionyl chloride and aluminium chloride, or by methyla- 
tion of 1-hydrindone with sodamide and methyl iodide. On heating with soda- 
mide in benzene solution it is broken down to the amide of a!,a-dimethyl-j8-phenyl- 
propionic acid. 2,2-Diethyl-l-hydrindone, m.p. 70, b.p. 138® (13 mm.) (Haller, 
C.r. 150^ 1472). 3,3-Diphenyl-1-hydrindone, m.p. 1^-130°^ is obtained from 
/9,/3,j8-triphenylpropionic acid and concentrated sulphuric acid (Moiireu, Bull. 
[41,43, 1367). 

Tetrachloro-l-hydrindone, CeH4:C3Cl40, m.p. 108®, the addition product of 
chlorine and dichloroindone (p. 596), is readily broken down on warming with 
alcoholic soda to o-trichlorovi^lbenzoic acid. Chlorodibromohydrindone-S- 
carboxyUcacid, C 6 H 4 :C,ClBr 20 (C 00 H), m.p. 171®, obtained from ohloroindone- 
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3-carboxylic acid and bromine, is also readily broken down in the same way to 
bromochloromethylene-homophthalic acid (p. 610). 

5-Hydroxv-l-hydrindone, rn.p. 183®, and 4-hydroxy-l-hydrindone, rn.p. Ill®, 
are obtained together from a-bromopropionic acid phenyl ester with aluminium 
chloride at 140-150®, and are separated by steam distillation (Auwers, Ber. 49, 
2410). 6-Hydroxy-l-hydrindone, rn.p, 151-153®, see IngoUl, J. 123, 1469. 

The nitration of l-hydrindone gives a mixture of 4- and 6-nitro-l-hydrindone. 
6 -Nitro-l-hydrindone, rn.p. 74®, gives 6-amino-l-hydrindone, m.p. 171®, on 
reduction (Ingold, J. 123, 1469). 

yCHjv 

2-Nitro-l-hydrindone, C«H 4 < ^H‘N02, sulphur-yellow needles, m.p. 

117® (decomp.), is obtained by condeasation of phthalaldehydeandnitromethane 
in the presence of sodium ethylate {Thiele, Ann. 377, 15). 

/CHiK 

2-Hydrindone, or 2-indanone, C 6 H 4 <r ^CO, m.p. 61®, b.p. 220-225® (de¬ 
comp.) , is obtained by the distillation of calcium o-phenylenediacetate (p. 593), by 
warming hydrindene-glycol or its monomethyl ether with sulphuric acid, and by 
warming 2-bromo-l-hydroxyhydrindene with caustic potash ( Read, J. 121, 2550). 
Hydrazone, m.p. 120®. The oxime, m.p. 155®, gives 2-aminohydrindene, on 
reduction {Wislicenus, Ann. 275, 351). Di-isonitroso-2-hydrindone, C 6 H 4 :- 
[C(NOH) ] 2 CO, m.p. 233® (decomp.). Like l-hydrindone and the diketohydrin- 
denes, 2-hydrindone readily conden'^es to anhydro-6zs-2-hydrindone, CgHeO:- 
CgHs, m.p. 170® (Heuskr, Bor. 32, 28). 

Tetrachloro-2-hydrindone, C6H4:C3Cl40, m.p. 98®, is obtained by the action 
of calcium chloride on tetrachloro-2,3-diketo-tetrahydronaphthalene (p. 644). 
Monobromo-, 1,3-dibromo- and tetrabromo-hydrindone, m.p. 91®, 111®, and 
173®, res})ectively, are obtained by brominating 2-hydrindone in benzene solution. 
Tetrachloro- and tetrabromo-hydrindone pass into phthalide-carboxylic acid on 
warming with alkalis (benzilic acid transformation) {Zincke, Ann. 334, 346; 
Thorpe, J. 93, 1507), 

2 -Acetyl- and 2-benzoyl-l-hydrindone, m.p. 76° and 98® {Thiele, Ann. 347, 
112 ). 1-Hydrindone-2-oxalic acid, m.p. 212®, is obtained by method of forma¬ 
tion 5 (p. 593) {Thiele, Ann. 369, 287L 

1.2- Indandione, m.p. 95-115®, is obtained by the action of formaldehyde and 
hydrochloric acid on isonitroso-l-hydrindone. In contrast to 1,3-indandione, 
the compound has a strong yellow colour {Perkin, J. 101, 232; von Braun, Ber. 46, 
3041). 

1.3- Diketohydrindene, or 1 3-indandione, CgPL: (CO) 2 CH 2 , m.p. 130® (de¬ 
comp.) , is obtained from its carboxylic acid (p. 600). For its formation from a- 
naphthaquinone by the action of nitrous acid, see p. 629. It forms colourless 
needles, which dissolve in alkalis with a yellow' colour. The H atoms of the 
methylene group betw^een the tw'o keto-groups has an acidic character. With 
phenylhydrazine it forms a monohydrazone, m.p. 163®, and a dihydrazone, 
CeH 4 : (C:NNHC( 5 H 6 ) 2 -CH 2 , m.p. 171®, By the action of phenyl-diazonium chlo¬ 
ride the monohydrazone of a triketohj'drindene, C 0 H 4 : (CO) 2 C iNNHCeHs, i*^ ob¬ 
tained. This is also produced by the fission of benzal-diketohydrindene, C 6 H 4 :- 
(C 0 ) 2 C:CHC«H 6 , the condensation product of benzaldehyde and diketohydrin- 
dene, by phenylhydrazine. 3 ',4 '-Dihydroiqr-benzal-diketohydrindene, m.p. 257®, 
obtained by condensation of protocatechuic-aldehyde and diketohydrindene, is a 
substance which dyes with a mordant {Koslanecki, Ber. 30^ 1185). Weakly basic 
dyes are also formed with p-aminobenzaldehydes. o-Amino-benzaldehyde gives 

quinolene-phenylene-ketone, C 6 H 4 <( /CelL, m.p. 175® {Noelling, 

Ber. 34, 2467). For further condensation product of 1,3-indandione with alde¬ 
hydes, see Radulescu, Bull. [4]. 37, 1069. Substituted 1,3-indandiones can be 
Obtained from alkyl-phenols, homologous malonyl chlorides and aluminium 
chloride in nitrobenzene. Some of them are good antiseptics. Indandione 
condenses with ethyl orthoformate to give the compounds; C«H 4 :(CO) 2 C:- 
CHOH and C 6 H 4 : (CO) 2 C: CH • CH(CO) 2 :C 6 H 4 . The latter gives dibenzoylene- 
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CO—CCHiC—CO 

pyridine,^ ^ ^ ^ (j) H ’ ananionia (JErrera, Gazz. 35, II, 417). 

With ethoxy-inethylene-acetoacetic ester indandione combines to give indan- 
dione-methylene-cbceUxicetic ester, C 6 H 4 (CO) 2 CH-CH :C(COCHs)COOC 2 H 8 , m.p. 
118®, which condenses with concentrated alkali to give 3-hydroxy-fluorenono-2- 
carboxylic acid (p. 683) (Lta Spada, Gazz. 35, II, 639). 

2-Methyl-diketohydrmdene, C 6 H 4 : (CO) 2 CHCH 3 , m.p. 85®. is obtained from 
its carboxylic acid, and by the transposition of ethylidene-phthalide (pp. 482, 
592). Its sodium compound reacts with methyl iodide to give 2,2-dimethyl- 
diketohydrindene, C 6 H 4 : (CO) 2 C(CH 3 ) 2 , which has also been obtained from the 
disodium salt of diketohydrindene-carboxylic acid and methyl iodide. 2-Phenyl- 
diketohydrindene, m.p. 145®, is obtained from benzalphthalide. Isethine- 
diphthalyl, m.p. above 350®, obtained by the isomerisation of ethine-diphthalyl 
(p. 587) with sodium ethylate, forms violet-coloured needles. It was formerly 
regarded as 6is-diketohydrindene. It is derived from naphthacene, CieHij, a 
hydrocarbon with two naphthalene nuclei, and has the structure 
.C(OH):C*COv 

C 6 H 4 <f I ^CflH 4 . 2,2-Diethyldiketohydrindene, C 6 H 4 :(CO) 2 C- 

\C(OH):CCCK 

(C 2 H 5 ) 2 , b.p. 143-156® (10 mm.), oxime, m.p. 143®, is obtained from benzene, 
diethyl-malonyl chloride and aluminium chloride (Freund, Ann. 373, 291; 402. 
51). For the application of these methods to the preparation of substituted 
indandiones naphthindandiones, and acenaphthindandiones, .see BWeund, Ann. 
399, 182; 402,51; 409,268; Fleischer, kxm, A22, 2Z\. 

2-Dichloro-diketohydrindene, C 6 H 4 : (CO) 2 CCl 2 , m.p. 125®, is obtained by the 
action of chlorine on 1 -hydroxychlorindone (p. 596). It is broken down into 
phthalic acid by dilute caustic soda (Zincke. Ber. 21 , 491, 2380). 

2-Bromo-diketohydrindene, C«H 4 : (CO) 2 CHBr, is identical with 2 -bromo-l- 
hydroxy-indone (p. 596), and is obtained by bromination and hydrolysis from 
diketohydrindene-carboxylic ester. On boiling with water it gives dibromo- 
diketohydrindene, C 6 H 4 : (CO) 2 CBr 2 (for constitution, see Vorldnder, Ann. 322, 
244). With excess of iodine, 2 -di-iodo-diketohydrindene, C«H 4 : (CO) 2 Cl 2 , is 
formed (Liehermann, Ber. 33, 2433; Flatow, Ber. 34, 2145). 

Diketohydrindene-carboxylic ester, C 6 H 4 : (CO) 2 CH*COOR, m.p. 75-78°, is 
obtained by the action of sixiium ethylate on ethyl phthalate and ethyl acetate. 
Like the corresponding acid, which can be obtain^ by isomerisation of phthalyl- 
acetic acid (Gabriel, Ber. 26, 954), it is readily converted into diketohydrindene. 
2-Methyl-diketohydrindene-carboxylic ester, C 8 H 4 (CO) 2 C(CH 3 )COOR, is ob¬ 
tained from ethyl phthalate and ethyl propionate. Further derivatives of diketo¬ 
hydrindene, see Ephraim, Ber. 31, 2084. Diketohydrindene aldehyde, C 6 H 4 :- 
(C0)2CH*CH0, m.p. 139®, see FeXix, Mo. 31, 62. 

2 -Acetyl- and 2 -benzoyl-diketohydrindene, C 6 H 4 : (C0)2CH«C0R, m.p. 110® 
and 108®, are obtained from ethyl phthalate and acetone or acetophenone, respec¬ 
tively. They appear to be very readily broken down by alkalis (Schwerin, Ber. 
27, 104). As shown by their behaviour on ozonisation, the CO-group of the acyl 
radical readily goes over to the enol form. 

1,2,3-Indane-trione-hydrate, or ninhydrin, m.p. 239-240® (decomp.), is ob¬ 
tained from 1- or 2-indanone, and from 1,3-indandione by condensation with p- 
nitrosodimethylaniline, and subsequent decomposition with dilute sulphuric acid, 
and also by oxidation of 1,3-indandione with selenium dioxide (Teeters. Am. 
55, 3026). It is colourless, but colours the skin red. With hydrogen sulphide 

yCOv ,COv 

it is converted into hydrindantin, C«H 4 ^^^^C(OH)—O—CH^ (a 

reaction corresponding to the conversion of alloxan into alloxantin). It is used 
as a reagent for a-amino-acids, with which it gives a blue colouration (Ruhemann, 
J. 97, 1438 ; 99, 792). 

Bi-indone decomposes at 206-208®: 

C,H4 : (CO),C=C<^^^CO 
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This compound is obtained by warming 1,3-indandione by itself, or by boiling 
it with water. It gives highly coloured metallic compounds, and gives blue dyes 
when heated with aromatic amines, water being eliminated. These resemble 
coerulignon (p. 603) {Liehermann^ Ber. 30, 3137). Phenylhydrazine decomposes 
it into two molecules of diketohydrindene-diphenylhydrazone {Wislicemis, Ann. 
277, 362; Hoyer^ Ber. 34, 3269). Bi-indone may condense still further to high- 
molecular substances {Wislicenus, Ber. 31, 2935: TAebermann, Ber. 33, 2433). 
yCO. .CHv 

Iso-bi-indone, C 6 H 4 ^^^^CH— yCO , a yellow substance, m .p. 330®, 

is green in solution. It is formed as a byproduct with bi-indone in the treatment 
of indandione-carboxylic ester with boiling dilute sulphuric acid. It can also 
be prepared from bi-indone by boiling in benzene solution in the presence of pota*^- 
sium carbonate (Fischer Ann, 489, 97; Waruig, C. 1932, I, 1894). A dimeric 
indone, truxone, C 18 H 12 O 2 , m.p. 182°, is obtained by dehydrating truxillic acid 
(Stoermer^ Ber. 52, 1260; Stobbe, Ber. 60, 460, 473). On reduction with hydri- 
odic acid and phosphorus it is broken down and repolymerises to truxene (p. 598) 
(Liebermann, Ber. 22, 786). The parent hydrocarbon of truxone is truxane, 
CisHu, m.p. 116®, obtained by the Clemmenseii reduction of truxone (Stobbe, 
Ber. 60, 460): 



m.p. 266®, is formed by the action of iodine on sodio-diketo-hydrindene-carboxylic 
ester. With excess of iodine 2-diiodo-diketohydrindene, C 6 H 4 (CO) 2 Cl 2 , is 
formed (Licherinann^ Ber. 33, 2434; Flatow^ Ber, 34, 2146). im-Diketohydrin- 
dene forms a red di-potassium salt. 

yCOv yCOv 

2,2 '-Methylene-6is-indandione, • CH 2 • CH<^^^^C 6 H 4 , de¬ 

composes at 204-205®. It is produced from 1,3-indandione by the action of 
formaldehyde in alkaline solution. With acetaldehyde the corrc'^ponding 
ethylene-indandione, m.p. 216-218°, is formed. It is possible for bi-indone 
to condense with aldehydes at the methylene gtoiip to give 5ii>’-bi-indones. Thus, 
with formaldehyde, methylene 5fs-bi-indone is formed, m.p. 239® {Radnlescii, 
Bull. [4], 37, 1187; lonescuy C. 1927, II, 71; Ber. 60, 1228; Jonescu, Bull. [4J, 
45, 428; 51, 1109, 1620): 



By the oxidation of indandione-1.3 in non-aqueous solvent with metallic * 
oxides, lrans-6w-bi-indonylene (I) is formed: 
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/COv. /Cja.. 

✓C V y-COv 

co< >c=c < yctHi. 

\c«H/ \co/ 

It melts at 340® (dceomp.) and is blackish-violet in colour. It is easily further 
oxidised to ^ra/is-dioxy-tis-bi-indonylene (yellow needles) (II): 



For further oxidation and transformation products, see Wanag, Ann. 494, 107; 
and C. 1932, I, 1894. 

A complex ring system known as fluoracene is derived from bi-indone. A deriv¬ 
ative of this substance is formed by the condensation of bi-indone with jS-iodo- 
propionic ester. It is carbethoxy-diketo-o-iraas-fluoracene, m.p. 206-207® 
(Radulescu. C. 1924, I, 225): 


yCOv 

c,H,ooc—c- 

The hydrocarbon rubrene (I), or tetraphenyl-rubene, m.p. 331®, may be re¬ 
garded as a derivative of bi-indene: 


CeHfi Cells 



It forms red crystals and is obtained from phenyl-ethinyl-diphenyl-methyl 
chloride, CeHs-CrC *0(06116)201, by heating, when hydrogen chloride splits off 
{Moureiiy C.r. 182, 1440; Willemarf, C.r. 187, 385). For another method of 
preparation, see Moureu. C.r. 190, 548. The parent hydrocarbon of rubrene is 
known a‘' nibene (II) {Dnfrnisse^ C.r. 195, 962). It has not yet been prepared. 
Dibromorubrene melts at 310® (Dufraisse, C.r. 191, 619). 

By the action of oxygen in the light, rubrene is converted into a colourless 
peroxide, which forms white needles, m.p. 190®. When heated to 100® it breaks 
down again into rubrene and oxygen with the emission of light {Moureu, C.r. 183, 
101). In order to explain the formation of a peroxide, rubrene is supp')sed to be 
converted into the di-radical form (III) on exposure to light, the peroxide (IV) 
being derived from this {Sch&n^)erg, Ber. 67, 633). This assumption is not sup¬ 
ported by the fact that illuminated and unilluminated solutions of rubrene do not 
differ in their magnetic propertit^s, and the solid substance itself is diamagnetic, 
i.e., it is in its normal valency state (MUller, Z, Elektrochem. 40, 642): 
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For other oxides of rubrene, see Dufraisse, C.r. 188, 1528; 191, 104; 193, 63). 

The hydrogenation of rubrene with hydrogen iodide in ether solution leads to 
the formation of two colourless dihydro-rubrenes, melting at 242° and 225°, re¬ 
spectively (Dnfraisse, Bull. [4], 51, 74). 

Dehydro-rubrene. C 42 H 26 , 9,11 -diphenyl-9,10,11,12-diphenylene-9,11 -di- 

hydronaphthacene (^V), is obtained as a by-product in the preparation of rubrene. 



Dehydro-rubrene is a colourless hydrocarbon with a violet fluorescence, ra.p. 430° 
(Dufraisse^ C.r. 194. 183). On treatment with sodium it splits off phenyl- 
sodium and gives a blue hydrocarbon to which formula VI has been given. 

For further rubene derivatives, see Dufraisse, Bull. [4], 53, 782; C.r. 197, 691. 
For hydrocarbons prepared from rubrene, see Dujraisse, C.r. 193, 242, 529. 


2 . NAPHTHALENE GROUP 

Naphthalene, CioHs, was discovered by Garden in 1816 among 
the products obtained by distilling coal-tar. It is very similar 
chemically to benzene. Like benzene it is formed when various car¬ 
bon compounds are heated to high temperatures—hence its existence 
in coal-tar. Naphthalene does not occur in low-temperature car¬ 
bonisation tar, and this constitutes a characteristic difference be¬ 
tween this and ordinary tar. A series of derivatives, analogous to the 
benzene derivatives, is obtained by replacing the hydrogen atoms of 
naphthalene. Of the numerous derivatives of naphthalene, only the 
more important will be dealt with below. 


Constitution of the Naphthalene Nucleus 

The reactions of naphthalene are satisfactorily explained by the 
formula first suggested by Erlenmeyer (Ann. 137,346): 

H H 
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It consists of two benzene nuclei with two carbon atoms in the ortho¬ 
position in common. Graebe (1866) proved this formula to be correct 
(Ann. 149, 20). 

The oxidation of naphthalene to o-phthalic acid shows the presence of a ben¬ 
zene nucleus (p. 384). Further, the oxidation of dichloronaphthaquinone, 
CeH4:C4Cli02, also gives o-phthalic acid. If, however, dichloronaphthaquinone 
is converted into tetrachloronaphthalene by phosphorus pentachloride, this 
compound gives tetrachloro-o-phthalic acid on oxidation. In this case, the ben¬ 
zene nucleus which was not attacked in the oxidation of dichloronaphthaquinone, 
is oxidised. A similar proof, to which reference has already been made (p. 12), is 
as follows: nitronaphthalene, obtained by nitrating naphthalene, gives nitro-o- 
phthalic acid; but aniinonaplithalene, obtained by reducing this nitronaphtha¬ 
lene, gives o-phthalic acid: 

NIL NO, NO, 

COOH—|j^ f^(f^ f\-COOU 

COOH-IJ ' [J[J " {JiJ ' IJ-COOH 

Hence it follows that naphthalene must consist of two symmetrically condensed 
benzene nuclei. In order to exphrin the characteristic di^Terences between analo¬ 
gous benzene and naphthalene derivatives, a formula for naphthalene with an 
asymmetrical distribution of double bonds has been proposed {Auwers^ Ann. 
430, 230). It would be expected from this formula that naphthalene would react 
with maleic anhydride, but this is not the case. It is also in contradiction to the 
number of isomers of naphthalene derivatives, which the symmetrical formula 
satisfactorily explains. For the spectroscopy of naphthalene and its derivatives, 
see Auwers. Ann. 430, 230. For other formulae, such as Bamberger*$ centric 
formula (II), and the Annstrong formula (III), see Bamberger, Ann. 257, 1; J. pr. 
[2], 42, 188; Ciamician, Atti. R. Accad. Lincei 1891, I, 378; Armstrong, Proc. 
1890, 101; Thiele, Ann. 300, 136. 



For the naphthalene formula in the light of modern views on the benzene prob¬ 
lem, see W. Huckel, Tlieoretische Grundlagen der organische Chemie, 2nd ed., 
1934, Vol. I. 

ISOMERISM OF NAPHTHALENE DERIVATIVES. The number of isomers 
predicted by the accepted naphthalene formula agrees with those actually obtain¬ 
able. The substituents are named according to the diagram below :* 


i: I :i “ n :i 

V/NJ/ V/W 


The replacement of a hydrogen atom in naphthalene can give rise to two isomeric 
mono-derivatives, called a- and /3-derivatives, according as the substituent is 

Nd/ 

adjacent to the group ^ , or is separated from it by a CH group. The 

1,4,6,8(a) positions on the one hand, and the 2,3,6,7(/3) positions on the other, 
are equivalent. Liebermann (Ann. 183, 254) and Atlerberg (Ber. 9,1736) proved 

* In this translation, the derivatives of naphthalene are named by the number 
method, except in a few cases. 
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the equivalence of the four a-pasitions. The method used is similar to that fol¬ 
lowed in demonstrating the equivalence of the hydrogen atoms in benzene. See 
also Noelting, Rev. gen. des Sciences pares et appl. 32, 400 (C. 1921, III, 1086). 

Whether a substituent is in the a- or iS-position is usually determined by the 
type of o-phthalic acid derivative obtained from it on oxidation. Thus^ since a- 
nitronaphthalene gives n-nitrophthalic acid on oxidation, from which it follows 
that the nitro-groiip in the nitronaphthalene must be adjacent to the point of 
union of the benzene rings in naphthalene. The constitution of a-hydroxy- 
naphthalene or a-naphthol is also evident from its synthesis from phenyl-iso- 
crotonic acid, C«H 6 ‘CH:CH*CH 2 *COOH (p. 469). In addition, only a- 
derivatives of naphthalene can be converted into quinones analogous to p-benzo- 
quinone, as these ani the only ones that have a free H atom in the para pkition to 
the substituent. This also gives rise to other peculiarities in the behaviour of 
naphthalene derivatives, such as the power of the naphthoLs and naphthylamines 
to combine with diazo-compounds, etc. (p. 618). 

There are ten isomeric forms of di-substitution products of naphthalene when 
the substituents are similar. They are designated bv numbers or prefixes (Ber. 

26, R 633): 

Jr qt '"txxi jr 'qr 

R R 

1,2 1.3 1,4 1,6 1.6 1.7 1.8 2,3 2,6 2.7 

ortho- oieta- para- ana- epi- cata- peri- amphi- proa- 

In this diagram the double hexagon of naphthalene is represented by two parallel 
lines as in the case of benzene (p. 10). If the two substituents are different, 
the number of isomers is increased to fourteen. 

For the calculation of the number of possible isomers of naphthalene deriva¬ 
tives, see KauffmanUf Ber. 33, 2131. 

The position of the substituents in di-derivatives can often be determined by 
oxidation. In this way it is jxissible to decide whether the two substituents are 
in the same nucleus {isonuclear) or in different nuclei (heUronuclear ). Isonuclear 
substitution products with adjacent substituents show in general the same reac¬ 
tions as the ortho-derivatives of benzene, and they form similar condensation 
products (pp. 108, 205, 214, 220). However, a diffcrenc.e appears to exist be¬ 
tween positions such as 1,2 and 2,3. Thus, only those amino-naphthalenes can 
form naphthaquinoline rings where the pyridine nucleus can attach itself to 1,2- 
carbon atoms. The reactions of the 1,8- or peri-derivatives are also remarkable. 
Like the o-derivatives of benzene and naphthalene, they enter into a number of 
reactions resulting in formation of heterocyclic rings. 

Formation of the Naphthalene Ring 

Naphthalene is formed by pyrogenic condensation from a series of 
carbon compounds, such as ethylene, acetylene, ether, etc. Methods 
of building up the naphthalene nucleus from compounds in which one 
benzene nucleus already exists, are more important: 

1 . A mixture of benzene and acetylene passed through a red-hot tube gives 
naphthalene (Bertheloty Bull. [2], 7, 306). 

b. Naphthalene is formed when the vapour of phenyl-butylene, CeHs-CH** 
CHa*CH:CH 2 , or its dibromide, is passed over red-hot Hme; 

/CHr~CH, /CH=CH 

c«h/ T - CJl/ T + 4H. 

CH2==CH \ch==ch 

Similar reactions are the formation of phenyl-dihydro-naphthoic acid from 
dibenzalpropionic acid (p. 584) with a mixture of acetic and sulphuric acids; the 
formation of phenylbromo-tetrahydro-naphthoic acid from benzylphenyl-iso- 
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crotonic acid (p. 585) bromine, and the formation of 1 phenyl-tribromo- 
naphthalene by bromination of diphenyl-diacetylene (p. 582) (StrausSf Ann. 342, 
198). 

3, When phenylpropiolic acid is warmed with acetic anhydride or phosphorus 
chloride, it is converted into the anhydride of l-phenyl-naphtnalene-2.3- 
dicarboxylic acid. Ethyl phenylpropiolate is converted into the ester of this 
naphthalene acid on heating to 200®. The same anhydride is obtained by irradi¬ 
ating dibenzalsuccinic anhydride (p. 585) in benzene solution (Slobhe^ Ber. 40, 
3372; Pfeiffer, Ber. 40, 3839; Bucher, Am. 30, 1244). 


/fee coon 

C.H 5 / + 

CHsccoon 

AiH. 



C,niCH:CCOv 


C.H5CH: 


4 . By the action of o-xylylene bromide on the sodium compound of ethane- 
totracarboxylic ester, tetrahydro-naphthalene-tetracarboxylic ester is formed, 
which, on hydrolysis, ^ives tetrahydro-naphthalene-dicarboxylic acid. When the 
silver salt of this acid is distilled, naphthalene is formed {Baeycr, Perkin, Ber. 17, 
488; c/. formation of cyclobutane and indene rings): 


/CHjBr 

^CILBr 


NaC(COOR )2 

NaA(COOR)i 


C,H4<( 


CII 2 —(XCOOR) 
CHj-A(COOR) 


2 

2 


6. o-Xylylene cyanide (p. 395) condenses in the presence of sodium ethylate 
with ethyl oxalato and a-diketones to give naphthalene derivatives (Hivsherg, 
Bor. 43, 1360): 

/CII2CN KOCO yC(CN): COH 

CeHZ + j -^ j 

ROCO \C(CN): COH 


/CH 2 CN OCR yC(CN): CR 

CeH4< + T -► C6H4<; I 

^CH^CN OCR \C(CN): CR 


6. When phenylisocrotonic acid (styryl-acetic acid) is heated, 1-naphthol is 
formed, and by distillation of the latter with zinc dust, naphthalene is produced 
(Fittig and Erdmann, Ber. 16, 43; Ann. 247, 372; Fittig, Ann. 255, 263; Erd¬ 
mann, Ann. 275, 284; c/. formation of indene derivatives, p. 591): 


CH 

U /Ah, 

HOefo 


Styryloacetio acid 


CH 


CH 

/V^CH l^il^ 

yUoii ^ 

OH 

I’Naphthol Naphthalene 


In an exactly similar way, 6-, 6-, and 7-chloro-l-naphthol are formed from o-, 
m-, and p-chlorophenylparaconic acids; from «- and j^-methylphenylparaconic 
acids, 2- and 4-methyl-naphthols are formed, and from j3-benzal-laevulinic acid, 
✓CH==CCOCHj 

CiH/ J , l-naphthol-3-methyl-ketone is obtained {Kehrer, Ber. 

HOOC—CHj 

/CH 2 -CO 

26,345). a, 7 -Diphenyl-acetoacetic ester, CeHs'^ I , gives 2- 

ROCO-CHCCeHj) 

phenyl-1,3-dihydroxy-naphthalene when heated with concentrated sulphuric acid 
( Volhard, Ann. 296,14). Similarly phenacetylmalonic ester gives 1,3-dihydroxy- 
naphthalene-2-carboxylic ester (Metzner, Ann. 298, 374). Cinnamylidene-hip- 
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CH - CH 

puric acid, and styryl-pyruvic acid, C$Hs^ I , obtained by its 

CO(COOH) 'OH] 

decomposition, give 1-naphthoic acid (Erlenmeyer, Ber. 35, 384). 

7. 7-Phenyl-/3-iminobutyro-nitrile condenses under the action of concentrated 
sulphuric acid to 1,3-diamino-naphthalene (Beat, Proc. 24, 283; J. 95, 8); 




/ 


CHi—C:NII 


NC—' 


CHa 


CeH4<^ 


CH= 

CfNHa) 


=-CNH2 


In a similar waj% 7-phenyl-7-irnino-«-cyanobutyric ester, 

/ C( :NH)—OH2 

I , gives l,4-diamino-naphthalene-2-carboxylic ester: 

’ ' NC—CH COOR 

yC(:NH) CHCeHs /C(:NH)-CHCOOR 

while the iminonitriles, C«H4< I and C«H4^ I 

^CHs CN ^CH, CN 

formed by the condensation of o-tolunitrile with benzyl cyanide or ethyl cyanoace- 
tate, give l,3-diamino-2-phenyi-naphthalene, and l,3-diamino-naphthalene-2- 
carboxylic ester, respectively (Atkinson, Proc. 22, 281; J. 89, 1906: Proc. 23, 76; 
J. 91, 678; Proc. 23, 316; J. 91, 1687; T/iorpe, Proc. 23, 151; J. 91, 1004). 

8. When aniline is heated with pyromucic acid and zinc chloride to 300®, 1- 
naphthylamine is formed (Canzoneri, Gazz. 18, 486): 


COOIIC= 


=CH 


/CH=CH 


NHjCeHs +0/ I = NHaC^H/ I + CO 2 + HjO. 
\CII=-CII \CH==CH 

Aniline Pyromucic acid l-Naphthylamlne 


Similarly 1-naphthylamine is formed when aniline hydrochloride is heated with 
mannitol under pressure. 

9. Two molecules of phenyl-glycol condense to give 2-phenyl-naphthalene in 
the presence of dilute sulphuric acid (Zincke, Ann. 240,137): 

/CH(0H)~CH2(0H) 

CH,(0H)~CH(0H)C6H8 


CH==CH 




-f 4H2O. 


Phenylacetaldehyde is an intermediate product. It is formed from one mole¬ 
cule of the glycol by splitting off water, and transformation of the enol- into the 
tautomeric keto-form. 

10. The formation of a naphthalene derivative by the oxidation of 5-bromo- 
protocatechuic acid with nitric acid is peculiar. Dibromo-l,2-naphthaquinone- 
carboxylic acid is formed (Zincke, Ann. 293, 120): 


2 



+ C,H ,04 + CO 2 + HjO. 


11. Naphthalene derivatives can be obtained by extending the indene ring. 
Thus, oxindene-carbojprlic ester gives l-hydroxy-4-methoxynaphthalene-2- 
carboxylic ester with diazomethane (Hantzsch, Ber. 63, 666). For ring exten¬ 
sion, see further Radulescu, Ber. 60, 186. 

19. Condensation of a,7-diacetocrotonic ester with sodium gives aceto-1,6- 
dimethylnaphthalene-dicarboxylic este^ which can easily be converted into 1,6- 
dimethylnaphthalene (Feisty Ber« 60,109): 
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CH, 

io CH 
\ / \ 

CHr-CO—CH, OH, C—COOC,H. 
H<!j C=0 io—CH, 

w 

(!;ooc,h. 



IS. Another general process for the synthesis of naphthalene derivatives con¬ 
sists in the cyclisation of benzyl-allyl-aoetic acid, which leads to tetrahydro- 
methylnaphthalene-carboxylic acid. By dehydrogenation with selenium or sul¬ 
phur, methylnaphthalene-carboxylic acid is obtained: 



(Darzens, C.r. 183, 748; 194, 2056). 

14- By ring closure of phenyl-butyryl chloride by means of aluminium chlo¬ 
ride , keto-tetrahydro-naphthalene is formed. This can be converted into naphtha¬ 
lene by Clemmensen reduction and dehydrogenation with selenium (Heilbron, J. 
1930, 2537; Wilkimon, J. 1931, 1333; Ruzicka, Helv. 15, 140): 



CH 2 

Ndh, 

I 

/CH, 

COCl 



Methods 13 and I 4 have been used particularly in the preparation of alkylated 
naphthalenes. 

For further syntheses of naphthalene derivatives, see Weiss, Ber. 58, 1043; 
Darzens, C.r. 190, 1305, 


Fission of the Naphthalene Ring 


Naphthalene and most naphthalene derivatives are converted into phthalic acid 
or substituted phthalic acids by energetic oxidation, one of the benzene rings being 
destroyed. The oxidation is made easier by introducing an amino-group into the 
benzene ring to be destroyed (c/. p. 604). Naphthols and naphthol derivatives 
are broken down to phthalic acid and benzoic acid by heating with alkali and 
oxidising metallic oxides (Ger. Pat, 140,999). In many cases it has been possible, 
by moderating the oxidation, to isolate the intermediate products of the reaction, 
and sometimes the primary products in the decomposition of the ring. 

1. Decomposition by gentle oxidation, (a) When oxidised with permanganate, 
naphthalene gives phenylglyoxylic-o-carboxylic acid (p. 440), m addition to 
phthalic acid (Ger. Pat, 79,693; Graebe, Ber. 31, 369; Daly, J. rhys. Chem, 11, 


/CH*=CH 

C.H4< T 
N:jh*=ch 


Naphthalene . 


yCOCOOU 

CeHZ 

\COOH 


Phenylglyozylio-iHMtfbosyUo aeid 
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The oxidative fission of naphthalene to phthalic acid by the action of concen¬ 
trated sulphuric acid and mercuric sulphate (Ger. Pat. 91,^2) and, more recently, 
the direct oxidation of naphthalene by atmospheric oxygen in the presence of cer¬ 
tain catalysts (molybdenum oxide, vanadicacid, etc») are of technical importance. 
In fac^ the last-mentioned process is the most important synthesis of phthalic 
acid (Wohl, Ger. Pat. 379,822). 

(6) Oxidation of 1- and 2-naphthols with alkaline permanganate gives phenyl- 
glyoxyl-o-carboxylic acid. By very careful oxidation, 2-naphthol gives, among 
other substances, o-cinnamic-carboxylic acid (p. 483) (Ehrlich^ Mo. 10, 116). 
Beside this reaction we may place the decomposition of sodio-l-nitroso-2-naph- 
thol to o-cyanocinnamic acid, by heating to 250° (Ger. Pat. 116,123): 

,CH==coH ycoon coon 

I -> c.H4< T 

\CH==CH \CH=CH 

2-Naphthol o-Cinnamic-earbozylic acid 

< C(NO)==CONa COONa 

I -" I 

CH=CH \CH=CH 

l-Nitro80-2-naphthol o-Cyanocinnamio acid 


When l-nitronaphthalene is oxidised with permanganate substances are ob¬ 
tained, which on reduction give, among other things, isatin-carboxylic acid, 
/[IJCOOH 

NH*[3]CeH3<f (Friedl&nder, Bcr. 28, 1641). Naphthalic acid 

\[2]COCOOH 

(p. 637) gives phenylglyoxyl-dicarboxylic acid (p. 441). 

(c) Hydrogenated naphthalene derivatives are particularly readily dccompased 
(p. 641). 1,2-Dihydro-2-naphthol gives dihydro-ism^oumaric-carboxylie acid 

when oxidised with permanganate, and tetrahydroriaphthalene glycol gives o- 
phenylcne-diacetic acid (p. 395) with dichromate in the cold (Bamberger^ Ber. 26, 
1833): 


/CHj—CHOH 

CeH4< 1 

l,2'Dihydro-2-naphthol 

/CHr-CHOIl 
CeH4<; 1 




XH,—CH 

'^coo'^ic 


3 HOir 

Tetrahydronaphthylene glycol 


:ooH 

Diliydro-isocoumaric-carboxylic acid 

.CHaCOOH 

-► C4H4< 

^CHaCOOlI 

o-Phenylene-diacetic acid 


oc-Tetrahydronaphthylamine gives hydrocinnamic-o-carboxylic acid with per¬ 
manganate. ar-Tetrahydronaphthylamine on the other hand gives adipic and 
oxalic acids, by oxidation of the benzene nuiileus containing the amino-group 
(Ber. 22, 767) ; 


/CH(NH0CIL 

CeH4<; 1 

\CHa-CHj 

ac-Tetrabydronaphthyiaznine 


C 6 H 4 - 


<c 


COOH COOH 
H,-^11, 


Hydrocinnamic-o-carboxylic acid 


/CHr-CH, 
NH.-C.H/ T 

^L/rl2—vyjl2 
ar-Tetrabydronaphtbylamine 


HOOC HOOC-CIL—CH, 

HOod: ^ HOOC—CHr-in. 

Oxalic acid Adipic acid 


1 ^, Fission by simultaneous chlorination and oxidation. The ring-decompari- 
tions produced by the action of chlorine or hypochlorous acid on 1,2-naphtha- 
quinone and its derivatives are very numerous. They proceed in the same way 
as the corresponding reactions with the benzene ring. Two groups may be dis- 
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tinguished: either the naphthalene ring first becomes an indene ring, which then 
decomposes further to give o-diderivatives of benzene, as in the case of dichloro- 
naphthaquinone and 2,3-dihydro^naphthalene; or the decomposition takes place 
without the intermediate formation of indene, as in the case of l,2>naphthaqui- 
none or nitro-l,2-naphthaquinone (Zincke, Ber. 27, 2753, etc.). 

Examples: (a) 1,2-Naphthaquinone gives dihydroxy-diketo-tetrahydro- 
naphthaiene by the action of hypochlorous acid. The ring then decomposes and 
phenyl-glyceric-o-carboxylic lactone (p. 440) is formed {Zincke, Ber. 25, 3599). 


/CO—CO /CO-CO 

C.H4< 1 -^ Cttt/ I 

\CH=CH \CHOH-C 


0 - or 1,2- 
N aphthaquinone 


IHOH 

Dihydroxy-diketo-tetrahydro- 

naphthalene 


/CO—O COOH 
CeH/ \| 
\CHOH-CH 

Phenyl-j^lyceric-o- 
carboxyho lactone 


(6) 3-Nitro-l,2-naphtliaquinone reacts with chlorine giving first a chlorine 
addition product which readily passes into o-(a,j3-dichloronitroethyl-)benzoyl- 
formic acid, with ring fission. The latter loses hydrogen chloride and carbon 
dioxide on oxidation with chromic acid, giving a>,«-nitrochloromethyl phthalide. 
which can also be obtained directly by treating nitroquinonc with chlorine ana 
water (Zincke, Ann. 268, 256): 


/CO—CO 

C.H4< I 

\CH=C.N02 

3-Nitro-l ,2-naphthaquinone 


CO—CO 

c,h/ T 

\CHCl-CClN()j 

Chlorine addition product 


CO COOH 


CHCl. 


^CHC1-CHC1N02 

o-(o, ^-Diohloronitroethyl-) 
benzoyl-formio acid 


/CO\ 

» C,h/ >0 

^CH^CHCINO, 

w,«-Nitrochloromethyl phthalide 


(c) 3,4-Dichloro-l ,2-naphthaquinone undergoes a benzilic acid transformation 
with alkali, giving dichloro-hydroxyindene-carboxylic acid (p. 593). The latter 
can be decomposed in two ways (I) it can be converted into dichloroindone by 
chromic acid, of which the chlorine addition product, tetrachloro-l-hydrindone 
gives o-trichloro-vinylbenzoic acid with alcoholic soda; or (^) the acid may be 
heated with fuming sulphuric acid to 100-110®, when it is converted into 2-chloro- 
indone-1-carboxylic acid. The bromine addition product of this acid is broken 
down by alkali into a-chloro-bromo-methylene-homophthalic acid (Ber. 28, R 
279): 


/COCO 
C.H4< I 
\CC1:CC1 

Dichloro- 

naphthaquinone 


CeH 


(OH) COOH 

-Cl- 

5C1 


/CO\ 

4 C4H4< >CC1 . 
^CCF 

Dichloro-indone 


Diohloro-hydroxyindene 
carboxyko acid 


(2) /CCOOH 

- 

2,1-Chloro-indone- 
carboxylio acid 


♦ C \.C\2 > 

^cci./ 

Tetrachloro- 

bydrindonc 

/CBrCOOH 
C,H4<Q^'BrCl -H 

l,2-Dibromo-2- 
ohloro-hydrindone- 
1-carboxylic acid 


/COOH 

C.IU 

\CC1=-CC1, 

o-Trichlorovinyl- 
benzoic acid ‘ 

/COOH 


CeH40cC 

\COOH 


ClBr. 
lOOH 

Bromo-chloro- 
methylene-homo- 
phthalio acid 


(d) 2,3-Dihydroxynaphthalene (I) by the action of chlorine, gives 1,4-tetra- 
chloro-2,3-diketo-tetrahydronaphthalene (11), which on treatment with bleach¬ 
ing powder gives tetrachloro-2-hydrindone (111). By alkalis, the latter is con¬ 
verted into phthalide-carboxylic acid (IV). and by concentrated nitric acid to 
.phthalonic acid (V) (Zineke, Ann. 334 , 359): 
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f 




€H:COH 

CH:COH 


(I) 


yCCljCO /CCU 

CaH4< 1 CJl4< >CO 

^CCl2*CO ^CCl/ 


/ 

\ 


(II) (HI) 




COCOOH 

COOH 


(V) 


S. The conversion of the naphthalene nucleus into the indene nucleus can also 
be carried out by the action of liquid nitrous acid on p-naphthaquinone. A di- 
ketohydrindene-nitrosite is first formed, which, on careful treatment with water 
gives 1,3-diketohydrindene (p. 599) {Schmidt, Ber. 33, 543): 



4, Perchloronaphthalene, when heated with antimony chloride to 280-300®, 
breaks down into perchlorobenzene, tetrachloromethane and hexachloromethane 
{Ruoff, Ber. 9, 1486): 



CC1=CC1 

I 

CC1=CC1 


Perchloronaphthalene 


CU 


CCI 4 CCl, 

C«H. -f -f T 

CCI 4 CCl, 


6 , Decomposition by reduction in alkatine solution. A ring decomposition 
analogous to that of salicylic acid (p. 32), is that undergone by 2,1- and 2,3- 
hydroxynaphthoic acids (p. 636) by the action of sodium on their alcoholic solu¬ 
tions (Einhorn, Ann. 286, 268): 


/C(COOH):COH 

c.H4<; I - 

\CH=CH 


2-Hydroxy-l- 
naphthoic acid 


/CH 2 COOH 

C4H4< 

\CH2- 


COOH 

-CH 2 


CH==C—OH 

CeH4< T 

\CH=<)—i 


COOH 


o-Phenylene- 
acetopropionio acid 


2-HydPoxy-8- 
naphthoio acid 


6 . A peculiar decomposition is that given by naphthalene-disulphonic acids, 
and naphthylamine- and naphthol-sulphonic acids, containing substituents in the 
1,3-positions. When fused with potash they give o-toluic acid; 


/C(SO,H):CH 
C,H«< I 

\CH==.C(SOJI) 

Naphthalene-1,3-di8ulphonio acid 


/COOH 

C,H4< 

\CH, 

o-Toluio acid 


In a similar way, 1,3,6- and 1,3,8-naphthalene-trisulphonic acids give w-cresol 
when fused with potash (Ger. Pats. 79,028 and 112,176; Zincke, Ann. 350, 253). 


(a) Naphthalene and Its Homologues 

NAPHTHALENE, CioH,, m.p. 81°, b.p. 218°, occurs in coal-tar, and 
is obtained by crystallisation from the fraction distilling at 180-260°. 
It is purified by fusion with a little concentrated sulphuric acid, 
separating the resinified acids, and distilling, or (less frequently) sub¬ 
liming the residue. Naphthalene is also found in some essenti^ oils 
(Soden, Pharm. Ztg. 47, 779). It is difficultly sohible in cold alcohol 
and ligroin, but dissolves readily in ether and hot alcohol. It crystal- 
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Uses and sublimes in colourless, lustrous leaflets. Naphthalene is 
characterised by its volatility (also with steam) and possesses a 
characteristic odour. It forms a crystalline molecular compound 
with picric acid, CioH 8 *C 6 H 2 (N 02 ) 30 H, m.p. 149® {Fritzsche, J. 1857, 
466). m- and p-Dinitrobenzene, trinitrobenzene, trinitrotoluene, 
etc,, form similar molecular compounds. 

Naphthalene has a considerable use in industry, particularly in the dyestuff 
industry. It is used on the one hand for the preparation of phthalic acid, and on 
the other for manufacturing numerous derivatives (naphthalene-sulphonic acids, 
naphthylamines, naphthols, naphthylamine sulphonic acids, naphthol sulphonic 
acids, etc.) which are used in the production of azo-dyes. On account of its 
strong antiseptic properties it is used as an insecticide. 

Naphthalene shows the characteristic properties of the aromatic ring, though 
to a smaller degree than benzene. Thus, it is chlorinated, nitrated, and sul- 
phonated by halogens, nitric acid, and sulphuric acid, respectively. It differs 
from benzene in the ease with which it is hydrogenated with formation of di-, 
tetra-, and higher hydrogenated derivatives. These hydroaromatic compounds, 
and their importance in connection with stereochemistry, are dealt with in Vol. 
II. Naphthalene forms addition products with gaseous chlorine even more 
readily than benzene, naphthalene dichloride, CioHgCh, and naphthalene 
tetrachloride, C 10 H 8 CI 4 . For oxidation products of naphthalene see p. 604. 

HOMOLOGUES OF NAPHTHALENE. Methylated naphthalenes are found 
in coal-tar and in mineral oil (Ger. Pat. 95,579; Lihavin^ J. Russ. Phys.-Chem. 
Soc. 31, 358). Alkylated naphthalenes are obtained from bromo-naphthalenes 
by the action of alkyl halides and sodium, from naphthalene by the action of 
alkyl iodides or bromides, and aluminium cnlorido, and by the reduction of acyl- 
naphthalenes with hydrogen and finely divided nickel at 180®, or by hydriodic 
acid and red phosphorus (Darzens^ C.r. 146, 933; Bargcllini, Atti. Accad. Lincei 
Roma [5], 17, II, 26). They have also been obtained by the action of lithium 
and dimet^l sulphate on halogeno-naphthalenes ( Vesely, Coll. Trav. Tchecoslov. 
4, 139). For some further syntheses, see p. 608. 


1- Methylnaphthalene_ 

2- Methylnaphthalene_ 

1.2- Dimethylnaphthalene 
1,4-Dimethylnaphthalene 

1.6- Dimeihylnaphthalene 

2.3- Dimethyliiaphthalene 

2.6- Dimethylnaphthalene 

2.7- Dimethylnaphthalene 

1- Ethylnaphthafene. 

2- Ethylnaphthalene. 

1- n-Propylnaphthalene.. 

2- n-Propvliiaphthaleiie.. 

1- n-Butymaphihalene... 

2- n-Batylnaphthalen6... 

1- Iaobutylnaphthalene... 

2- l8obu^lnaplithalene... 

1- Phenylnapnthalene...., 

2- Phenylnaphthalene- 


M.p. 

B.p. 

-20® 

240-243® 

+32.5® 

241-242®» 

Liquid 

148-149® (18mm.)> 

Liquid 

262-264®« 

Liquid 

262-263®** 

104® 

260-265®^ • 

110-111® 

261-262®** 

96-97® 

262®** 

Liquid 

258® 

-19® 

251® 

Liquid 

274® 

Liquid 

278® 

Liquid 

282® 

Liquid 

284® 

Liquid 

137® (11 mm.) 

Liquid 

112® (6 mm.) 

About 45® 

325® 

102® 

347® 


® Wendt, J. pr. [2], 46, 317. ^ Schroeter, Ber. 51, 1587. • Cannizzaro, Atti. R. 
Accad. Lincei, 1895,1, 287. ^ Weissgerher, Ber. 52, 346. ® Weiaagerher, Ber. 52, 
370. Veaely, Coll. Trav. Tchecoslov. 3, 440. 


2,3-Dliiiethylnaphthalene is identical with guaiene, obtained by the dry distil¬ 
lation of guaiac resin. 1,2,7-Trimethylnaphthalene or sapotalin has been ob¬ 
tained by dehydrogenation of a series of saponins by selenium (Ruzicka, Z. phys¬ 
iol. Chem. 184, 69). For the synthesis of sapotalin, see Ruzicka, Helv. 15, 140; 
Spath, Mo. 60, 117. Two further homologues of naphthalene have been ob- 
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tained by dehydrogenation of the sesquiterpenes, cadaline, 2,5Hiimethyl-8-i80> 
propylnaphthalene, and eudaline, 3-i8opropyl-5-methylnaphthalene. Both 
have been synthesised (Ruzicka, Helv. 5, 923; Darzens, C.r. 194, 2056; Cook, J. 
1933, 22). 

1,2,5-Trimethylnaphthalene, b.p. 147-148® (11 mm.), picrate, m.p. 137-138®; 
1,3,5-trimethylnaphtiialene, m.p. 47®, picrate, m.p. 141-142®. For further 
trimethylnaphthalenes, see Heithron, J. 1930, ^57. For the preparation and 
constitution of a number of trimethylnaphthalenes, their picrates and styphnates, 
see Ruzicka, Helv. 15, 140. 

1,2,5,6-Tetramethylnaphthalene, m.p. 116®, is obtained by the dehydrogena¬ 
tion of some triterpenes with selenium, together with 2,7-di- and 1,2,7-trimethyl- 
naphthalenes. For the synthesis of this and other tetramethylnaphthalenes, see 
Ruzicka, Helv. 16, 314. 

1- and 2-Phenylnaphthalenes have been obtained by the action of phenyl- 
diazonium chloride on naphthalene in the presence of aluminium chloride. A 
nitrophenylnaphthalene, m.p. 129°, has been obtained similarly from sodio- 
nitrophenyl-nitrosamine and naphthalene (Kuhling, Ber. 29, 1681; c/. p. 125). 
2-Phenylnaphthalene is also formed from bromobenzene and naphthalene by 
passing their vapours through a red-hot tube, by condensation of 2 mols. of 
phenyl-glycol, and by distillation of 2-phenyl-3-hydroxy-l,4-naphthaquinone 
with zinc dust (Schmid, Ber. 26, 1119; Bamberger, Ber. 29. 1748; Volhard, Ann. 
296, 28). The constitution of the isomeric phenylnaphthalenes can be arrived at 
from their oxidation products. 1-Phenylnaphthalene gives o-benzoylbenzoic 
acid, but 2-phenylnaphthalene, on the other hand gives 2-phenyl-l,4-naphtha- 
quinone: 


/CH=-CII /COOII /CH-4JH .CO^CH 

( \U/ ^ ; UH/ I Cell/ (! 

\C(r,Hs)=(!H ^OOCtlli ^CH=CC',n* NJOC— C,Ht 


1-Pheny 1-naphthalene 


o-BenzoyUienzoic 

acid 


2-Phen> Inaphthalene 


2-PheDy 1-1,4- 
naphthaquinone 


Olefine-^naphlhalenes, 1-Vinyl-naphthalene, CioHi'CHiCIL, b.p. 137° (13 
mm.), is obtained by the action of acetaldehyde on 1-naphthyl-magnesium bro¬ 
mide. 1-Allyl-naphthalene, CioH 7 -CH 2 *CH:CH 2 , b.p. 266°, is obtained from 
allyl bromide and 1-naphthyl-magnesium bromide. On warming with alcoholic 
potash it is converted into the isomeric 1-propenyl-naphthalene, CioHyCH:- 
CHCHs, b.p. 138® (10 mm.), which can also be obtain^ from propionic anhy¬ 
dride, 1-naphthaldchyde, and sodium propionate by removing water and carbon 
dioxide (Roussel, Bull. [3], 17, 812; Tiffeneau, C.r. 147, 678). 1- and 2-Iso- 
propenyl-naphthalene, CioH 7 -C(:CH 2 )CHt, 1- b.p. 125° (8 mm.), 2- m.p. 45- 
47°, b.p. 139® (7 mm.), are obtained by the action of 1- and 2-naphthyl-methyl 
ketones (p. 634) on methyl magnesium iodide. The 2-compound is obtained 
directly, the 1-compound by the action of acetic anhydride on the 1-naphthyl- 
dimethyl carbinol first formed (Grignard, Bull. [3], 25, 497). 


Substitution Prodmts of Naphthalene 

With the exception of sulphonation at high temperatures, sub¬ 
stitution in the naphthalene nucleus leads to 1- (or a-) derivatives. 

For substitution rules for the introduction of further substituents into the mono¬ 
derivatives, see Vesely, Bull. [4], 33, 955. 

1. HALOGEN DERIVATIVES OF NAPHTHALENE. Halo- 

gen derivatives of naphthalene are produced: 1. By direct sub¬ 
stitution of hydrogen atoms by halogens, By the replacement of 
the NH 2 groups in aminonaphthalenes with halogens through the 
diazo-compounds (pp. 50, 123). 3, By replacement of OH, SO 3 H, 
and NOa groups in the corresponding derivatives by heating with 
phosphonis pentachloride. The last reaction can be used for the 
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determination of orientation of naphthalene- or naphthol-sulphonic 
acids. 

The strength of the bond linking the halogens, and other substitu¬ 
ents, such as NOa and SOaH to the nucleus is weaker in general than 
the corresponding bond in benzene derivatives. 

Fluoronwhthalenes, C10H7F. The 1-compound melts at —8 to —9®, and boils 
at 212®. The 2-compound melts at 61®, and boils at 211.5® (737 mm,). For 
other fluoro-derivatives of naphthalene, see Schiemarm^ Ann. 487, 270. 

Chloronaphthalenes, C10H7CI. 1- b.p. 263®; 2- m.p. 56®, b.p. 265®. 1- 
Chloronaphthalene is obtained (1) bv chlorination of boiling naphthalene, (2) by 
the action of alcoholic potash on dichloronaphthalene, (c?) by the action of phos¬ 
phorus pentachloride on naphthalene-1-sulphonic acid, and (4) from 1-naphthyl- 
amine. 2-Chloronaphthalene is obtained from 2-naphthylamine, or from 2- 
naphthol. All ten of the possible dichloronaphthalenes, CioHeCb, are known: 
1.2-m.p. 35®, b.p. 281®; 1,3-m.p. 61®, b.p. 289®; 1,4-m.p. 68®, b.p. 287®; 

1.5- m.p. 107*; 1,6-m.p. 48°; 1,7-m.p. 62®, b.p. 286®; 1,8-m.p. 83°; 2,3- 
m.p. 120®; 2,6- m.p. 135®, b.p. 285°; 2,7- m.p. 114® (Cleve, Her. 24, 3475; 
Anmtrmg, Proc. 61, 5; 1890, 71; 1890, 76; Erdmann, Ber. 26, R 536). Tri- 
chloronaphthalene. There are fourteen isomers; see Armstrong, Proc. 1895, 84; 
1896, 152. 

Pentachloronaphthalene, C 10 H 3 CI 5 , m.p. 168°; perchloronaphthalene, CioCls, 
m.p. 203®, b.p. 403°. 

Bromonaphthalenes, CioH 7 Br, 1- m.p. 5°, b.p. 279°; 2- m.p. 59°, b.p. 282°. 
The l-bromo-compound is partially converted into the 2-compound by heating 
with aluminium chloride. For poWbromonaphthalenes, see Missenden, Chem. 
News, 125, 158; Salkind, J. Russ. Fhys. Chem. Soc. 62, 1021; C. 1932,1, 3059. 
lodonaphthalenes, C10H7I. 1-compound b.p. 305°, 2-compound m.p. 54.5°. 1- 

lodonaphthalene can be obtained by the addition of iodine to a solution of mer¬ 
cury-dinaphthyl in carbon disulphide, and by iodination of naphthalene with 
sulphur iodide and nitric acid (Ger. Pat. 123,746). Bromoiodonaphthalenes, see 
Ber. 29, 1408. For naphtlwl-iodochloride, C 10 H 7 ICIS, iodosonaphthalenes, 
C10H7IO, iodoxynaphthalenes, C10H7IO2, and naphthylphenyl-iodonium hydroxide, 
(CioH 7 )(^CaH 6 )I OH, see Willgerodt, Ber. 29, 1573; 33, 692. 

2 . NITRONAPHTHALENES. l-Nitronaphthalene C10H7NO2, m.p. 61°, 
b.p. 304°, yellow needles, is obtained by treating naphtnalene with nitric acid at 
ordinary temperatures (c/. Nageli, Bull. [3] 21, 786). It gives 1-chloronaphtha- 
lene with phosphorus pentachloride, and o-nitrophthalic acid by oxidation with 
chromic acid. For its oxidation by permanganate, see p. 609. 2-Nitronaphtha- 
lene, m.p. 79°, is obtained from 2-nitronaphthyiamine by replacing the NHj 
group by hydrogen, or better from 2-naphthyl-diazonium nitrite, CioH 7 *N 2 *N 02 , 
by the action of cuprous oxide {Sandmeyer, Ber. 20,1494; Meisenheirner, Ber. 36, 
4157), When warmed with methyl alcoholic potash, 1- and 2-nitronaphthalenes 
are converted through a scries of intermediate stages into 1,4- and 1,2-naphtha- 
quinone monoximc^ and 4,1- and 2,1-nitrosonaphthol {Meisenheirner, Ann. 355, 
^9). Various dinitronaphthalenes have been ootained by nitrating naphthalene 
at higher temperatures. For the separation of the 1,5- and 1,8-compound see 
Willgerodt, Ber. 29, 1243, 1521. The 1,5-compound melts at 216° and the 1,8- 
compound at 170®. 1,6-Dinitronaphthalene, m.p, 161®, is obtained from dinitro- 
2-naphthylamine {Graehe, Ann. 335, 142). By the action of fuming sulphuric 
acid in the cold all three of the above-mentioned dinitronaphthalenes are con¬ 
verted into nitro-p-nitrosonaphthols {Graehe, Ann. 335, 139, 145). On heating 

1.5- and 1,8-dinitronaphthalene with fuming sulphuric acid, preferably with the 
addition of a reducing agent, naphthazarin, or dihydrojwnaphthaquinone is 
formed (p. 630 and Ger. Pat. 76,922). l, 8 -I)initro-naphthalene gives the so- 
called potassium naphthocyaminatc, C 2 SH 17 N 8 O 9 K, on heating. 1,3-Dinitro- 
naphthdene, m.p. 144®, is obtained from amino-dinitronaphthalene by elimina¬ 
tion of the NH 2 group. Various dinitronaphthalenes are (mtained by the action 
of nitric acid on naphthalene at very low temperatures (—50® to —55®) {Pictet, 
C.r. 116,815). 1,2-Dinitronaphihalene, m.p. 158®, like 1,3-dinitronaphthalcne, 
can be obtained by the dehydrogenation of tetralines nitrated in the aromatic 
nucleus. 1,4- and 1,7-Diiiitronaphtlialene, m.p. 129° and 156®, are obtained by 
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adding diazotised nitronaphthylamines into nitrite solutions containing copper- 
bronze {Vesely^ Bull. [4], 33, 319). For other di- and tri-nitronaphthalenes, see 
Vesely, Bull. [4], 33, 942 962; Chudozilov C. 1929, H, 738. 2,7-Dinitronaph- 
thalene, m.p. 234®. is obtained by decarboxylation of dinitronaphthalic acid 
(Rule, J. 1934, 171). By longer boiling of naphthalene or dinitronaphthalenes 
with fuming nitric and fuming sulphuric acids tri- and tetranitronaphthalenes are 
formed (Will, Ber. 28, 367). The latter explode violently on heating. 

3. NITROSONAPHTHALENES. l-Nitrosonaphthalene, CioHyNO, m.p. 
89®, decomp. 134®, is obtained by the action of nitrosyl bromide on mercury- 
dinaphthyl, or by the oxidation of 1-naphthylhydroxylamine (p. 617) with silver 
oxide or lead dioxide (Willsl&tter, Ber. 41, 1937). l,4-Dinitro80-naphthalene, a 
powder, exploding at 120®, is obtained by oxidation of 1,4-naphthaquinone di¬ 
oxime with potassium ferricyanide. 1,2-Dinitroso-naphthalene is obtained in a 
similar way from 1,2-naphthaquinone dioxime. It melts at 127® (Ilinski, Ber. 
19, 349; Nieizki, Ber. 21, 434; Ponzio, C. 1906, I, 1700). 

4. NAPHTHYLAMINES. (a) The primary amines are ob¬ 
tained by reduction of the nitronaphthalenes. In contrast to the 
anilines, the naphthylamines are readily obtained by heating the 
naphthols with ammonia and zinc chloride (p. 621). 

They are also obtained by fusing naphthalene-sulphonic acids with sodamide. 
Naphthalene itself, when heated with sodamide to 220®, in the presence of phenol 
as an oxidising agent, gives 1-naphthylamine together with 1,5-naphthylene- 
diamine (Sachs, Ber. 39, 3012). 

The sulphite compounds of naphthols and derivatives of the naphthols are con¬ 
verted into naphthylamines by treatment with ammonia in aqueous solution even 
at temperatures about 100®. On the other hand, the amines are reconverted into 
the sulphite compounds of the naphthols on boiling with solutions of alkali sul¬ 
phites (Biicherer, J. pr. [2], 69, 49): 


NHi 

CwHyOSOjNa 7 .> 

SO«HNa 


C10H7NH2. 


1 -Naphthylamine, CioH 7 'NH 2 , m.p. 50®, b.p. 300®, is obtained by 
the reduction of 1-nitronaphthalene, or by heating 1-naphthol with 
zinc chloride-ammonia or calcium chloride-ammonia to 250®. It is 
obtained synthetically by heating aniline and zinc chloride with 
pyromucic acid. It crystallises in flat needles, which are particularly 
beautiful when they separate from aniline solution. It acquires a 
red colour on exposure to the air. It sublimes readily and has a 
pungent odour. In general, it behaves in an exactly similar manner 
to the phenylamines (p. 74). li is reduced by sodium in amyl 
alcohol solution to tetrahydro-l-naphthylamine (p. 643). The four 
hydrogen atoms are in the ring not containing the NH 2 . Compounds 
of this kind are called (aromatic or) ar-tetrahydro-l-naphthylamine. 
It resembles aniline very much, for example, it can be diazotised with 
nitrous acid. On boiling with chromic acid it is oxidised to 1,4- 
naphthaquinone. Oxidising agents, e,g,, ferric chloride, chromic 
acid, and silver nitrate, give an azure-blue precipitate of hydroxy- 
naphthylamine, CioHgNO, with solutions of salts of naphthylamine 
(Schijg^, Ann., 129, 255). 

The amino-group in derivatives of l-naphthylamine can be replaced bv the 
hydroxyl group by treatment with sulphurous acid, followed by alkali (see above, 
and Ger. rat. 109,122). 
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2-Naphthylaininei m.p. 112®, b.p. 294®, is obtained from 2- 
naphthol and zinc chloride-ammonia, or alumina and ammonia at 
430-450®. The most convenient method is to heat 2-naphthol with 
aqueous ammonium sulphite in autoclaves to 100-150®. It is odour¬ 
less, and gives no colour with ferric chloride, etc. It is oxidised by 
permanganate to phthalic acid. When reduced it gives tetrahydro-2- 
naphthylamine. In contrast to 1-naphthylamine it is the ring con¬ 
taining the NH 2 group that is hydrogenated, and compounds of this 
type are called (alicyclic, or) ac-tetrahydro-2-naphthylamine. In 
this compound the amino-group has none of the usual characters of 
an aromatic amino-group. It is not diazotised by nitrous acid, but 
forms a very stable nitrite. 


(6) Secondary and tertiary naphtkylamines: Naphthylalkyl-amines are formed 
in a similar way to the alkyl-anilines by the action of alkyl halides on the naph- 
thylamines, or by heating naphthylamine hydrochlorides with alcohols. They 
can also be obtained by heating the sulphite compounds of the naphthols with 
primary and secondary aliphatic amines. The sulphite compounds of 2-naph- 
thol, but not those of 1-naphthol will also react in a similar way with aromatic 
amines (Bucherer, J. pr. l2], 70, 345; 71, 433). 1-Naphthyl-methylamine, 
CioH/NHCHj, b.p. 293®; 1-naphthyl-ethylamine, b.p. 303®; 2-naphthyl-di- 
methylamine, CioH7[2]N(CH8)2, m.p. 46®, b.p. 305® {Reychler, Bull. [3], 27. 
970). 2-Naphthyl-methylamine, b.p. 317®, is obtained from 2-naphthol and 
methylamine at 220® under pressure {Morgan^ J. 115, 1140). On heating the 
hydrochlorides of 1- and 2-ny)hthylamine with aniline and zinc chloride, phenyl- 
naphthylamine, CioHr-NH-CeHi, a substance of technical importance, is ob¬ 
tained. 1-Naphthyl-phenylene diamine, see Merz, J. pr. [2], 60,345. When the 
naphthylamines are heated with zinc chloride or hydrochloric acid to 180-190®, 
or with 1- and 2-naphthol, various dinaphthylamines are formed. 2,2'-Dinaph- 
thylamine, CioHt'NH-CioHj, m.p. 171®, b.p. 471®, occurs as a byproduct in the 
industrial preparation of 2-naphthylamine. It decomposes when heated with 
concentrated hydrochloric acid to 150®, into 2-naphthylamine and 2-naphthol. 
When heated with sulphur, it gives thiodinaphthylamine, NH(CioH 6 ) 2 S, a com¬ 
pound analogous to thiodiphenylamine (p. 221). By the action of 80% sulphuric 
acid on 2-naphthylanune in the presence of oxidising agents, naphthidine, 
(CioH«*NHj)j, is formed, by the linking up of two naphthalene nuclei (Reverdin, 
Chem.-Ztg. 16, 1687) (p. 638). 

Acid derivatives of the naphthylamines resemble those of the anilines (c/. pp. 
86-101). l-Naphthyl-sulphaminic acid, CioHt'NHSOsH, see de Wildt, Rec. 23, 
173. The reactions of naphthylbenzene-sulphamide, CioHr-NH SOj CeHs, are 
remarkable. It shows properties similar to those of a naphthol, being soluble in 
alkalis, and coupling with diazonium salts in the same way as a naphthol {Witt, 
Ber. 27, 2370). For naphthylcarbaminic-chloroethyl-ester. CioHz-NHCOO- 
C 2 H 4 CI, and its decomposition products, see Otto, J. pr. [2], 44, 15. For 1 - 
naphthylamine derivatives of succinic, tartaric, and citric acids, see Bockinger, 
Chem.-Ztg. 19, 2080. 

Substituted naphthylamines. Halogen-substituted naphthylamines are formed 
by direct substitution, or by the action of ammonia on the substituted naphthols 
(c/. Reverdin, Ber. 33, 682). 

If acet-1-naphthylamine is nitrated and then hydrolysed, 1,2- and 1,4-nitro- 
naphthyiamine are formed. The 1,4-derivative, m.p. 191®, is converted to 
1,4-naphthoquinone by oxidation, to 1-nitronaphthalene by elimination of the 
amino group, and to 1,4-nitronaphthol by boiling with aqueous alkali {Lellmann, 
Ber. 19, 796; Omdorff, Am. Ch. J. 14, 45). The 1,2-derivative, m.p. 144®, 
yields 2-nitronaphthalene (p. 614) and 2,1-nitronaphthol (p. 623). 

If acet-2-naphthylamine is nitrated and hydrolysed, l-nitro-2-naphthyl- 
amine, m.p. 127®, is formed, which gives 1-nitronaphthalene with nitrogen tri¬ 
oxide and alcohol. By the addition of 2-naphthylamine nitrate to concentrated 
sulphuric acid, 5,2- and 8,2-iiltronaphthylsimne [FriedlAnder, Ber. 25, 2076) are 
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formed. 2-Nitro-l-iiaphth:^lamine, m.p. 144^, see Meisenheimer^ Ber. 39, 2541. 
By partial reduction of dinitro-naphthalenes, the following have been obtained: 
l>nitro-3-naphthylamine, m.p. 95®, 6 -nitro-l-naphthylamine, m.p. 167®, 7- 
nitro-l-naphthylamine, and others {Vesely Bull. [4], 33, 942, 952). 

Naphthylene diamines, or diaminonaphtnalenes are obtained by the reduction 
of dinitro- and nitro-amino-naphthalenes, and by decomposition of amino- 
azonaphthalenes, by heating dihydroxy- and amino-hydroxy-naphthalenes with 
ammonia, and by fusion of naphthylamines with sodamide {Lange, Chem.-Ztg. 
12 , 856; Ger. Pat. 45,788; Fischer, Ber. 26, 188; Sachs, Ber. 39, 3012). The 
o-naphthylene diamines, like the o-phenylene diamines, show a tendency to 
enter into condensation reactions, giving rise to heterocyclic derivatives of naph¬ 
thalene (c/. p. 108). The o-naphthylene diamines resemble in many respects the 
1 , 8 - or pm-compounds (p. 620). 

1.2- Naphthylene diamine, m.p. 98°, obtained by reduction of 2-nitro-l-naph- 
thylamine or 1,2-naphthaquinone dioxime, and 2,3-naphthylene diamine, m.p. 
191°, obtained by the action of ammonia on 2 ,3-dihydroxy-naphthalene, ^ve 
naphtho-azimides with nitrogen trioxide, an hydro-bases with carboxylic acids, 
quinoxalines with o-diketones, etc. {Fucher, Ber. 25, 2714; 26, 188; Friedldnder, 
Her. 27, 761). l, 8 -(peri-)Naphthylene diamine, m.p. 67°, obtained from 1,8- 
dinitro-, or 1 , 8 -dihydroxy-naphthalene reacts in a similar way, giving hetero¬ 
cyclic compounds, but it does not react with the o-diketones, such as phenauthra- 
quinone, to give azines, as the o-diamines do (Hinsberg, Ber. 22 , 861). 

1.3- Naphthylene diamine, m.p. 96° {Friedldruler^ Ber. 28, 1953), is obtained 
synthetically by the action of concentrated sulphuric acid on Y-phenyl-jS-imino- 
butyronitrile (p. 607). 

1.3- (m-)Naphthylene diamine derivatives are obtained by the action of amines 
on naphthylamine sulphonic acids (p. 620), which have the SO 3 H group in the 
meta-position to NH 2 . 

1.4- Naphthylene diamine, rn.p. 120°, is obtained by the decomposition of 1- 
aminoazo-naphthalene with zinc and hydrochloric acid, or from l-nitroamino- 
naphihalene. With ferric chloride it gives 1,4-naphthaquinone, and with bleach¬ 
ing powder naphthaquinonc-dichlorimine. 

1 . 5 - ^aphthylene diamine, m.p. 189°,"is obtained from 1 -naphthylamine, and 

1 , 6 -naphtiiylene diamine, m.p. 78°, from 2 -naphthylamine by fusion with soda¬ 
mide {Sachs, Ber. 39, 3021). 

1,7-Naphthylene-diamine, m.p. 117°, see Ber. 25, 2082. 2,6-Naphthylcne 
diamine, m.p. 222 °, see Jacchia, Ann. 323, 130. 2,7-Naphthylene diamine, m.p. 
159°, see Bacherer, J, pr. (21,69, 89. 

6 . DIAZO- AND AZO-COMPOUNDS OF NAPHTHALENE. By the action 
of nitrous acid or sodium nitrite on the salts of naphthylamines, diazo-compounds 
of naphthalene are formed, which give azo dyes with anilines and phenols, in the 
same way as the benzene diazonium compounds. In the coupling of diazonium 
salts with naphthylamines, in the absence of acids, the diazoamino-compounds 
formed intermediately cannot be isolated. On the other hand, 1 - and 2 - 
naphthyl-diazoamino benzene, CioHjNiN’NHC^Hs, m.p. 84°, and 150° 
(decomp.), are produced from 1 - and 2 -naphthyl diazonium chloride and aniline. 
The 1-compound can also be obtained by the decomposition of 1 -diazo- 
naphthalenimide (or 1 -naphthyl-azide), CioHrNg, m.p. 12 °, with phenyl mag¬ 
nesium bromide, or by the action of phenyl-azide on 1 -naphthyl-magnesium 
•bromide (Ber. 40, 2400). 2 -Diazonaphthalenimide (or 2 -naphthyl-azide), m.p. 
33°, see/'VskT, Proc. 23, 258; J. 91. 1942; Darapsky, J. pr. (21, 76, 461. 
l-Nitro- 2 -naphthyl-azide, CioH#[l]NOst2jN8, m.p. 117°, decomposes on warm¬ 
ing with alcohol or glacial acetic acid, giving nitrogen and 1 , 2 -dinitrosonaph- 
thalene {Forster, loc. cit.). 2 -NaphthyInitrainine, CioHj-NH-NOi (see p. Ill), 
gives 2-amino-l-nitronaphthalene on isomerisation {Bamberger, Ber. 30, 1262). 

Azonaphthalenes. —^The reduction of the nitronaphthalenes to azoxy-and azo¬ 
naphthalenes takes place much less readily than with the nitrobenzenes, 1 - 
Nitronaphthalene gives 1 -naphthyl-hydroxylamine, CioHiNHOH, m.p. 72° (de¬ 
comp.), and l,l'-azoxynaphthalene,CioH 7 N*OCioH 7 , m.p. 127°, on reduction with 
zinc dust in neutral solution. By further reduction with zinc dust and alkali, the 
azoxy-compound gives 1.1'-azonaphthalene, CioH 7 N:NCioH 7 , m.p. 190°, red 
needles, which can also he obtained by deamination of aminoazonaphthalene 
{Waeker, Ann. 321, 61). 2 , 2 '-Azonaphtiialene, C 10 H 7 N:NCioH 7 , m.p. 208°, red 
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leaflets, is obtained together with dinaphtho-orthodiazine, I ||, and 2,2'- 

CioH*—N 

diamino-1,1'-dinaphthyl (see below) by reduction of 2-nitronaphthalene (Afeisen- 
heimer^ Ber. 36, 4153). When oxidised with hydrogen peroxide it gives 2,2'- 
azojq^aphthalene, m.p. 164**, a yellow substance, which changes into a red isomer, 
m.p. 162®, on exposure to light (Cummings J. 125, 1108). 

fienzene-azonaphthalene, CioHT'KiCeHs, m.p. 65®, o-toluene-azonaphthalene, 
CioHt‘N a• C7H7, m^. 52® (]\ietzki, Ber. 26,143). Naphthyl-azoacetoacetic ester, 
CioH 7 «N 8 -CH(COC;H 8 )COOR (?), m.p. 94®, obtained from naphthyldiazonium 
chloride by the action of sodio-acetoacetic-ester, decomposes to naphthylazoacetone 
when warmed with potash, and naphthyl-azoacetic acid by acid hydrolysis (Oddo, 
Gazz. 21,1, 269). 

Amtnoozo-riapA^/ialewcs.—4-Amino-(1,1 '-azonaphthalene), CioH7[ 1 'lN2[llCio- 
H6[4]NH2, m.p. 175®, is obtained by mixing a solution of 2 molecules of 
uaphthylamine hydrochloride with 1 molecule of sodium nitrite. Diazoamino- 
naphthalene is first formed, CioHvNj'NHCioH^. but isomerises {MichmliSf Ber. 28, 
2198). Aminoazo*naphthylamine is reduced by tin and hydrochloric acid to 1- 
naphthylamine and 1,4-naphthylene diamine {Perkin^ Ann. 137, 359). On heat¬ 
ing with naphthylamine hydrochloride it is converted into naphthalene red. a 
safranine dye. 2-Amino-(l,2'-azonaphthalene), CioH 7 [ 2 ']N 2 [l]CioH 6 [^Nfij, 
m.p. 156®, IS obtained from 2-naphthylamine [Nietzki. Ber. 19, 1281; 2!incke, 
Ber. 20, 2896). 4-Amino-(l,2'-azonaphthalene), CioH7[2'jN2[llCioH4[4]NH2, 
yellowish-brown needles, m.p. 152®, is obtained from diazotised 2-naphthylamine 
and 1-naphthylamine hydrochloride in dilute hydrochloric acid {Nietzki. Ber. 20, 
612). 

l-Naphthylamino-azobenzene-p-siilphonic acid, C«H 4 (S 03 H) •N 2 *CioH 4 *NH 2 , 
obtain^ by the action of sulphanilic acid on diazotised 1-naphthylamine hydro¬ 
chloride, ^ves an orange colour with alkalis and a red colour with acids (test for 
nitrous acid). 

The o-azo-compounds of the 2-naphthyl-arylamines such as l-benzeneazo-2- 
/[11N:NC«H5 

naphthylphenylamine, CioH 4 <^ , gives ammonium bases of the pseudo- 

^[2]NH*C#H# 

azimido-^oup with oxidising agents, and naphthophenazines on heating with 
strong mmeral acids, when aniline is split off: 


and 2.2'- 




NiNCell. 

NHCell* 






N: NC«H6 - c.HiNH, 

NHCeHfi 




For the constitution of the product of the action of diazonium salts on 2-naphthyl- 
amines, of which the salts arc apparently to be regarded as derivatives of 1,2* 
naphthaquinone, see p. 210. 

6 . HYDRAZINE-COMPOUNDS OF NAPHTHALENE. l,l'-Hydrazo- 
naphthalene, CioH 7 NH*NHCioH 7 , m.p. 275®, corresponds to hydrazobenzene. 
It is obtained by reduction of azo-naphthalene with alcoholic soda and zinc dust, 
and on warming with hydrochloric acid is converted into a mixture of 4,4'- 
dia?nt7io-l,l'-dinaphthyl, or naphthidine, and 1,1'-diamino-2,2'-dinaphthyl^ or 
dinaphthyline {Vesely, Ber. 38,136). 2,2'-Hydrazonaphthalene, m.p. 141^, iso¬ 
merises in the presence of either acid or alkali to 2,2 ^iamino-1,1'-dinaphthyl 
(see benzidine transformation, p. 145). 

Naphthyl-hydrazine, C10H7NHNH2, 1-compound, m.p. 117®, 2-compound, 
m.p. 125®, is obtained from the diazonium chlorides of the two naphthylamines by 
reduction with stannous chloride and hydrochloric acid {Fischer, Ann. 232, 236) 
and also from the n^hthols by heating with hydrazine hydrate and hydrazine 
sulphite {Hoffmann, Ber. 31,2909). It combines with aldehydes and ketones to 
give hydrazones, which give naphthindole derivatives on condensation. They 
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give similar derivatives to those of phenylhydrazine (pp. 151-161) {SMieper^ 
Ann. 236, 174; /nee, Ann. 253, 35, etc,). For the 2-naphthylhydrazones of the 
sugars, see Ber. 35, 1841. 2,3-Naphthylene-dihydrazine, CioH6[2,3](NHNHj)2, 
m.p. 166®, see Franker^ Ber. 38, 266; J. pr. [2], 76, 205. 

7. SULPHONIC ACIDS. When naphthalene is heated with sulphuric acid, 
1- and 2-naphthalene sulphonic acids are formed. At lower temperatures (80®), 
the 1-acid, m.p. 90®, predominates, and at higher temperatures (160®) and excess 
of sulphuric acid, the 2-acid, m.p. 91®. The 1-acid is converted into the 2-acid 
by heating with sulphuric acid. The 2-acid forms a monohydrate, m.p. 124®, 
and a trihydrate, m.p. 83® (Witt, Ber. 48, 743). The free acids are deliquescent 
and crystalline. The two acids are separated from each other by means of the 
calcium or lead salts (Eutoes, Rec. 28, 298). The 1-acid breaks down on heating 
with dilute sulphuric acid at 200® into naphthalene and sulphuric acid, but the 2- 
acid is unchanged by this treatment. The 1-sulphonyl cUoride, m.p. 66®, b.p. 
195® (13 mm.); 2-sulphonyl chloride, m.p. 78®, b.p. 201® (13 mm.) {Fischer, 
Ber. 35, 3779). When naphthalene is heated with concentrated sulphuric acid, 
two isomeric disulphonic acids are formed: 2,6- and 2,7-naphthalene disulphonic 
acids, which can be separated by crystallisation of their chlorides from benzene 
(EberL Ber. 9, 592). On very long heating, the 2,7-acid is converted into the 2,6- 
acid {Heid, Am. 49, 844). 1,6-Naphthalene dismphonic acid is obtained by the 
action of concentrated sulphuric acid at 100-110® on 2-naphthalene sulphonic acid 
{Ambler j Ind. Eng. Chem . 19.417). 1,5-Naphthalene disulphonic acid can be ob¬ 

tained directly from naphthalene and sulphuric acid {Fierz-David, Helv. 6, 1133). 
Other naphthalene disulphonic acids are obtained by the sulphonation of naphtha-, 
lene monosulphonic acids^ by oxidation of thionaphtholsulphonic acids, from the 
naphthylamine disulphonic acids, etc, {Armstrong, Proc. 61, 10; 1890, 119, 126; 
1893, 166; Erdmann, Ber. 32, 3186). By energetic sulphonation of naphthalene 
with fuming sulphuric acid a mixture of 1,4,6-tri- and 1,3,5,7-tetra-sulphonic 
acids is obtained {Fierz-David, Helv. 4, 381). When fused with alkali, the naph¬ 
thalene sulphonic acids have their SOaH groups converted into OH, and by heat¬ 
ing with potassium cyanide, the corresponding cyano-naphthalenes are formed. 

Chloronaphthalene sulphonic acids are obtained partly by the sulphonation of 
the chloronaphthalenes, and partly from the naphthylamine sulphonic acids by 
replacement of the NH 2 group by halogen {Armstrong, Proc. 1890, 11; Cleve, 
Ber. 25, 2479; Friedlander^ Chem.-Ztg. 19, 1114). Nitronaphthalene sulphonic 
acids arc obtained by the sulphonation of tne nitronaphthalenes, or by the nitra¬ 
tion of the sulphonyl chlorides {Erdmann, Ann. 275, 230). 

Naphthylamine sulphonic acids are of industrial importance, as 
they give useful dyes when coupled with the bts-diazonium salts of 
the benzidine series. 

(a) 1-Naphthylamine, when treated, with excess of concentrated 
sulphuric acid at 130^, gives first 1,4-naphthylamine sulphonic acid, 
or naphthionic acid. This compound is also formed by the simul¬ 
taneous reduction and sulphonation of nitronaphthalene by ammo¬ 
nium sulphite {Piria, Ann. 78,31; Friedldnder, Chem.-Ztg. 19,1114). 
The acid crystallises with VaHaO, and is difficultly soluble in water; 
sodium salt, CioH 5 (NH 2 )S 08 Na + 4 H 2 O; when coupled with diazo- 
tised benzidine it gives Congo red. When Congo red is acted upon by 
tin and hydrochloric acid, it is decomposed to 1,2-naphthylene di- 
amine-4-sulphonic acid. For other naphthylene-diamine sulphonic 
acids, see Friedldnder, Ber. 29,1978; Ger. Pat. 216,076). 

By prolonged warming of 1-naphthylamine with sulphuric acid to 130®, instead 
of the 1,4-acid, the 1,5-naphihylamme sulphonic acid, or L acid, or naphthalidine 
acid, is obtained, and finally, the 1,6-acid, or Cleve's acid {Erdmann, Ann. 275, 
192). 1,6- and 1^7-Naphthylamine sulphonic acids have been obtained by the 

electrolytic reduction of the corresponding nitro-sulphonic acid {Fierz, Helv. 3, 
305). 1,8- or pen-Naphthylamine sulphonic acid, S acid^ is obtained from the 
peri-nitroHSulpnonic acid. The acid itself, and its derivatives, show a tendency 
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to split off water, forming sultams, e.g., naphthsultam, 


yS02 


m.p. 178®, 


obtained from the acid by the action of phosphorus oxychloride, Dannerth, Am. 

/SO 2 

29, 1319). l,8-Naphthsultam-2,4-disiilphonic acid, (SOaH) 2 CioH 4 <^ | , 1,8- 

ySOa 

naphthsultam-trisulphonic acid, (S 03 H)aCioHa<^ I {Dressel^ Ber. 27, 2137). 

Nitronaphihsultams. see Ger. Pat. 210,222. For halogen derivatives of naphth- 
sultam-quinones ana other derivatives of sultams, see Zincke^ Ann. 411,195; 412, 
78; 416, 65. On fusion with alkalis, these sultams give pcri-aminonaphthol 
derivatives, and at higher temperatures, 1,8-dihydroxynaphthalenes (Dannerth^ 
Am. 29, 1320). 

Dimethyl-l-naphthylamino-aulphonic acids, (CHs) 2 NCioH 6 S 03 H, see Fuss^ 
ganger, Ber. 35, 976. Salts of naphthionic acid condense very readily with alde¬ 
hydes to give compounds of the type RCHiNCioHsSOsR' (Ger. Pat. 124,229). 
l-Naphthylamine-4,6.8-trisulphonic acid is a component of the trypanocide, 
germanin (Bayer 205). 

(6) Four different 2-naphthylamine sulphonic acids are obtained 
by the sulphonation of 2-naphthylamine, according to the tempera¬ 
ture (Ann. 275, 262): 


-SO,H 




<r^cid 

(Badisohe acid) 


HO,S 

SO,H 


1 1 

1 1 


* IlH, 

Jh, 

* in. 

/9-acid 

(BrCnner'a acid) 

For d-acid 

7 -acid 

(Dahrs acid) 


They can also be obtained from the corresponding naphtholsulphonic 
acids by the action of ammonia. The jS- and the F- (or 6-) acid are 
particularly useful. They give beautiful reddish-blue dyes when 
coupled with diazotised tolidine. Some of the 2-naphthylamine di- 
sulphonic acids are also of technical importance: 


J_i 


SO,H 


•SO,H 


SO,H 


SOiH 


HO3S-1 

Vh, 

Aminosulphonic acid R 


HOgS- 


NH* 

d-AminosuIphonio acid 


Aminosulphonic acid G 

For other 2-naphthylamine sulphonic acids, see Dressel, Ber. 27, 1193; Fierz- 
David, Helv. 6, 1133; Frisch, Helv. 13, 768. In those 2-naphthylamine sul¬ 
phonic acids which contain a NHf group in the w-position, the sulphonic acid 
group can readily be replaced by an amine radical by heating with an amine 
(Ger. Pat. 78,854), 

By the action of nitrous acid on naphthionic acid, l,4-diazonaphthalen6 sul- 

/[1JS02V 

phonic acid, or diazonaphthionic acid, CioHt<r yo, is formed. By cou- 

' [4]N2' 

pling with 1-naphthol, the dye roccellin (p. 624) is obtained; by coupling with 1- 
naphthol sulphonic acid, azorubin S is formed. By coaling various azonaphtha- 

lene-diazosulphonic acids, such as CioH 7 ’N 2 -CioH 4 <^^^^> 0 , with naphthol sul¬ 
phonic acids, black azo dyes, such as naphthol black, are obtained. 
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8 , NAPHTHALENE SULPHINIC ACIDS. These are obtained by reduction 
of the sulphonyl chlorides, by treating naphthalene diazonium salts with sulphur 
dioxide and copper powder, and by the action of sulphur dioxide on naphthalene 
in the presence of aluminium chloride (c/. p. 124 and Gaitermann, Ber. ^2, 1141; 
Knoevmagelj Ber. 41, 3319). 1-Naphthalene sulphinic acid, CioHtS 02H, m.p. 

84®; 2-acid, m.p. 106® {Otto, J. pr. [2] 47, 94). These acids react in the same 
way as the benzene sulphinic acids. Naphthyl-sulphort^es 'are obtained by the 
action of alkyl bromides on the salts of sulphinic acids ( Troger, J. pr. [2], 53,478). 
When 1,8-naphthylamme-sulphinic acid is allowed to stand, it loses water and be- 

ySO 

comes naphthothiam, CioH«<' | , m.p. 153-155®, a compound analogous to 

^NH 


naphthosultam. Unlike the latter, however, it is insoluble in sodium carbonate 
solution, but dissolves in caustic soda. 


9 , NAPHTHOLS. The hydroxy-derivatives of naphthalene 
behave in general like the phenols, though the hydroxyl group in the 
naphthols is more mobile. On heating with ammonia they are readily 
converted into the naphthylamines. Ester and ether formation 
{Liebermann, Ber. IS, 1427; Davis, Proc. 15, 210; J. 77, 33) also 
occur more easily with the naphthols than with the phenols. Naph¬ 
thols are found in coal-tar (Schulze, Ann. 227, 143). 


1- Naphthol, C 10 H 7 OH, m.p. 94®, b.p. 278-280®, is obtained by fus¬ 
ing 1-naphthalene sulphonic acid with caustic potash at 300-320®. 
It is also obtained from 1-naphthylamine by diazotisation, and from 
salts of 1-naphthylamine by heating with water to 200®. According 
to Bucherer, the reaction between 1- and 2-naphthol and ammonia in 
the presence of ammonium sulphite, which leads to 1- and 2-naphthyl- 
amine, is reversible. Thus, naphthylamines (and their derivatives) 
give'^naphthol-sulphurous ackr^ with bisulphites (p. 615), which, on 
hydrolysis give the naphthols (or their derivatives) (Franzen, Ber. 50, 
101). A remarkable reaction is the formation of 1-naphthol by 
heating phenylisocrotonic acid (p. 606). 1-Naphthol is difficultly 
soluble in hot water, but readily soluble in alcohol and ether, and 
crystallises from these solvents in glistening needles. It smells like 
phenol and readily volatilises. Ferric chloride gives a violet pre¬ 
cipitate of dinaphthol, (CioH 60 H) 2 , with the aqueous solution; 
alkaline iodine solution gives a violet coloration (2-naphthol gives no 
coloration, Jorissen, Ann. chim. anal. appl. 7, 217). With nitrous 
acid, 2,1- and 4,1-nitrosonaphthol (p. 632) are formed. Chlorine in 
glacial acetic acid gives various chlorinated naphthols, and keto- 
hydronaphthalenes. With sodium hypochlorite in alkaline solution, 
2-chloro-l-naphthol (Ldebemiann, Ber. 44, 856) is formed. With 
sulphuryl chloride, 4-chloro-l-naphthol is produced (Kast, Ber. 44, 
1137). Potassium chlorate and hydrochloric acid give dichloro- 
naphthaquinone (Darmstaedter, Ann. 152, 301). Reduction with 
sodium and alcohol leads to ar-tetrahydronaphthol (p. 642), and 
oxidation with alkaline permanganate gives o-carboxyphenylglyox- 
ylic acid (p. 440). Acetyl-derivative, CioHtOCOCHs, m.p. 46®; 
carbonate, phosphate, see Reverdin, Ber. 28,3049. 

2- Naphthol, C10H7OH, m.p. 123®, b.p. 286®, obtained from 2- 
naphthalene sulphonic acid or 2-naphthylamine, is readily soluble in 
hot water, and crystallises in leaflets. The solution gives a green 
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colouration with ferric chloride, and a precipitate of dinaphthol sepa¬ 
rates. With nitrous acid 2-naphthol gives 1,2-nitrosonaphthol (p. 
632). Acetyl derivative, CipHrOCOCHs, m.p. 70°. When a solution 
of 2-naphthol in acetic acid is mixed with mercuric acetate, a precipi¬ 
tate of 2-hydroxynaphthyl-mercuric acetate, CioH 7 (OH)'Hg-OCO- 
CHj, separates {Bamberger, Ber. 31 , 2624). 

A bismuth salt of 2-naphthol has been recommended under the name of Orpho- 
lum, as an intestinal antiseptic. The salicylic esters of 1- and 2-naphthols find 
a limited use as antiseptics. 

NapMhol alkyl ethers are formed by heating the naphthol with alcohols and 
hydrochloric acid or sulphuric acid to 160° and from the alkali salts of the naph- 
thols by the action of alkyl halides or alkyl sulphuric acids (Wittf Ber. 34, 3172). 
In the case of the methyl ethers, the naphthols are heated with dimethyl sulphate 
or diazomethane. 1-Naphthol ethyl ether, b.p. 277°. 2-Naphthol methyl ether 
and -ethyl ether, m.p. 72° and 37°, are used in perfumery under the names 
Nerolin, New Nerolin or Jara-Jara, and Bromelia {Jacobsen^ Ber. 26, 2706; 
BodrauXy C.r. 126, 840). 1- and 2-Dinapbthylethe^ m.p. 110° and 106° {Graebe, 

Ber. 13, 1840; Merz, Ber. 14, 195; Rodonow, J. Soc. Chem. Ind. London 42, 
609). 1- and 2-Naphthyl-phenyl ethers, m.p. 66°, and 93°. are obtained by the 

action of phenol on the diazonaphthalenes {Hdnigschniid^ Mo. 23, 823). 1- and 

2-Naphthoxy-acetic acid, CioH 70 CH 2 COOH, see Spxtzer, Ber. 34 3191. 

Homologues of naphthol^ such as 2,1-methyl-naphthol, CioHfl[21CH8[l]OH, 
m.p. 61°, and 4,1-methyl-naphthol, m.p. 84-85°, have been obtained from the 
corresponding methyl-naphthylamines through the diazonium-compounds (Les¬ 
ser, Ann. 402, 24). l,4-Dimethyl-3-naphthol, CioH6(CH8)20H, m.p. 136°, is ob¬ 
tained from santonin (Vol. II, p. 488) {Cannizzaro^ Gazz. 24, II, 641; Atti. R. 
Accad. Lincei 1895, I, 287; Wedekind^ Ber. 31, 1676). 1,2-Methyl-naphthol, 
CioH«[ 1]CH8[2)OH, m.p. 110°, is obtained from 2-dinaphthol-methane (p. 639) 
by reduction with zinc dust and caustic soda (c/. p. 225). Nitrous acid reacts in a 
curious way with 1,2-methyl-naphthol and its substitution products. o-Quino- 
nitrols, or o-methylene-quinones (p. 340) are formed according to the conditions. 
1,2-Methyl-naphthoquino-nitrol, CioH6(21:0[1](N02)CH8, m.p. 60°, when 
heated below the m.p. splits off oxides of nitrogen giving 1,2-methyl-naphtho- 
quinol, CioH«[2] :0[l](OH)CHj, m.p. 89°, a compound which can also be ob¬ 
tained directly from 1,2-methyl-naphthol by oxidation with chromic acid in 
glacial acetic acid {Bargellini, Atti. R. Accad. Lincei [6], 16, II, 255). The 
quino-nitrols are true nitro-compounds, and not esters of nitrous acia {Fries, Ann. 
462, 1). Quinol-halides are also known, which give quinamines, CioH8[2]:O[ 1 ] - 
(NHR)CHj, with primary amines. Thus, with aniline, l-anilido-l-methyl-2- 
oxonaphthalene-dihydride (1,2), m.p. 141°, is formed {Fries, Ann. 470, 20; Ber. 
54, 2926). 1,2-Naphtho-methylene-quinone, CioHe[2]:O[ 1 ]:CH 2 , m.p. 132°, 

yellow needles, shows the same striking lack of reactivity as do the o-methylene- 
quinones of the benzene series {Fries, Ber. 39, 436; cf, also Ber. 41, 2614) .* It is 
sometimes regarded as a free radical (see Vol. IV). 


Substituted naphthols ,—Substituted 1-naphthoIs are obtained syn¬ 
thetically from the substituted phenylisocrotonic acids (cf. Erdmann^ 
Ann. 275, 291). They are usually prepared by similar methods as 
those by which the substituted phenols are obtained (p. 197). 


The bromination of 2-naphthol leads successively to the substitution of the 
1, 6, and 4-positions in the naphthalene nucleus by bromine. 6-Bromo-2-naph- 
thol is obtained from l,6-dibromo-2-naphthol by reduction with tin and glacial 
acetic acid, or concentrated hydriodic acid {Fries, Ber. 58, 2840). 

For other halogeno-naphthols and their derivatives, see Franzen, J. pr. 12], 
103, 362; Wheeler Am. 52,4872; Fries. Bull. [4], 47, 1314; Cohen, J. 1934, 653. 

By the action 01 silver oxide or lead dioxide^ or even by careful treatment with 
alkalis, Imlogenated naphthols give dyes denved from 2,2'-dinaphthyl. They 

onn'fiarii'rofi/u'n 
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NitfonaphthoU, —4,1-Nitronaplithol, CioHe[41 (NOa)[l]OH, m.p. 164®. and 
2jl-nitronapbthol, m.p. 195®, are obtained by the oxidation of 4,1- ana 2,1- 
mtrosonaphthols, respectively, with potassium ferricyanide or nitric acid ((rrand- 
mouginf Ber. 25, 973), or by boiling the corresponding nitronaphthylamines 
with caustic potash. Other nitronaphthols may be obtained from the nitro¬ 
naphthylamines through the diazonium compounds (Vesely, Bull. [4]. 33, 319). 
By the action of nitric acid on these nitronaphthols, or on naphthalene-1-sul- 
phonic acid, 1-naphthylamine, or 1-naphthol-disulphonic acid, 2j4-dinitro-l- 
naphthol, m.p. 138®, is obtained {Darmslaedter^ Ann. 152, 299). It is almost in¬ 
soluble in water, and difficultly soluble in alcohol and ether. It deconmoses 
alkali-metal carbonates and gives yellow salts with 1 equivalent of base. These 
dye silk a golden-yellow. The sodium salt, CioH6(N02)20Na -f H 2 O, is used in 
the dyeing industry as naphthalene yellow, or Martins^ yellow. It is also used in 
dyeing food. The potassium salt of dinitro-naphthol-sulphonic acid, 
/lUOK 

CioH 4 (N 02 ) 2 < , which is obtained by the nitration of naphthol-trisul- 

\[7]S03K 

phonic acid, is naphthol yellow, or citronine A. It dyes wool and silk yellow 
(Armstrong, Proc. 1890, 16). Trinitro-l-naphthols, naphthopicric acids, see 
Kehrmann, Ber. 31, 2420; Graebe, Ber. 32, 2877. 

l-Nitro-2-naphthol, m.p. 103®. is obtained by oxidation of l-nitroso-2-naphthol 
(p. 032) or from nitro-2-naphtnylamine by the action of caustic alkali. For 
other nitro-2-naphthols and -naphthol ethers, see Friedldnder, Ber. 25, 2079; 
Gaess, J. pr. [2], 45, 614; Kehrmann, Ber. 31, 2418. 

Amino-naphthols are obtained by the reduction of nitronaphthols, by the de¬ 
composition of naphthol-azo-compounds, by the action of ammonia on dihydroxy- 
naphthalcnes, by fusing naphthylamine sulphonic acids with potash, and from 
naphthol-sulphonic acids, or directly from the naphthols themselves by the action 
of sodamide (Sachs, Ber. 39, 3006). In the isonuclear amino-naphthols, and 
particularly in 1,3-amino-naphthol, the NH 2 is much more mobile than it is in 
the heteronuclear isomers. 1,4-Amino-naphthol, CioH#(NH 2 )‘OH, obtained by 
the reduction of 1,4-nitronaphthol, or fission of 1-naphthol-orange, CioH«(OH)- 
N 2 *0611480311, is very unstable, and gives 1.4-naphthaquinone on oxidation. 
Ethyl ether, CioH 6 (OC 2 H 6 )NH 2 , m.p. 96®; iormyl-4-amino-l-naphthol, m.p. 
168* (Ger. Pat. 149,022). N-Acetyl-derivative, naphthacctol. m.p. 187®, is par¬ 
ticularly suitable for the preparation of true naphthol-azo ayes (p. 624); 4- 
acetyl-amino-1-naphthol ethyl ether, naphthacetin, m.p. 189® (Henriques, Ber. 
25, 3059). 2-Amino-l-naphthol, obtained from 2,1-nitronaphthol, is oxidised in 

.NH 

the air to imino-oxy-naphthalene, or l,2-naphtha(iuinoae-imine, (p. 

633), which separates in violet flakes. 2,1-Araino-naphthol forms anhydro bases 
or naphthoxazoles, with carboxylic acids (c/. p. 204, and Michel, Ber. 25, 3430). 

[ 2 ]/ ^ 

l,2-Naphthaqainone-2-diazide, CioH^ yellow needles, m.p. 77", is ob- 

^[110 

tained from chloro-2-naphthalene diazonium sulphate on standing in aq. solution. 


or by oxidation of the diazonium compound of 2-naphthylaraine with potassium 
ferricyanide. . 1,2-Naphthaquinone-l-diazide, m.p. 94-95® (Bamberger, J. pr. 
[2], 105, 251); c/. quinone-^iazide, p. 245 (Orton, Proc. 18, 252). 

l-Amino-2-naphthol, obtained by reduction of 1-nitro- or l-nitroso-2-naphthol, 
or decomposition of iS-naphthoI orange, gives 1,2-naphthaquinone on oxidation. 
t,3-Amino-naphthol decomposes at 185® (Ber. 28, 1952). 2,3-Amino-naphthoi, 
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m.p. 234®, is obtained by the action of concentrated ammonia at 135-140® on 2,3- 
dihydroxynaphthalene {Friedldnder^ Ber. 27, 763). 1,6-Aiiiino-naphthol, m.p. 
190®, is obtained from 2-naphthol, 2,6- and 2,8-naphthol sulphonic acids. 1,6- 
Amino-naphthol is obtained from 1-naphthol and 1,5-naphthol sulphonic acid by 
fusion witn sodamidc. l,8-(pcrt-)Amino-naphthol, m.p. 96®, is obtained from 
1,8-naphthylamine sulphonic acid by fusion with potash {FichteVy Ber. 39, 3331; 
42, 4748). 1,7-Amino-naphthol, m.p. 165®. see Kehnnann, Ber. 42, 350; Brown , 

Am. 51, 1766. For a brief description of tne preparation of all 1,4-aminonaph- 
thols, see Middenden, Chem. Trade J.. 73, 35. 

Azonaphihols ,—^The naphthols readily combine with all diazonium compounds 
giving azo-compounds. The 1-naphthols couple in the para-(4) or in the ortho- 
(2) jjosition. However, the coupling takes place more readily in the para-posi¬ 
tion, and it is usually only when this is occupied that the coupling takes place in 
the ortho-position {Witty Ber. 29, 2945; Galtermanny Ber. 30, 50; HantoweVy Ber. 
31, 2156). o,p-feis-Azo-compounds can also be obtained. In the case of the 2- 
naphthols, the diazo-group can only enter the 1-position adjacent to the OH group. 
In the case of 1-naphthol, 1,4-naphthol-azo-benzene, (OH)[l]CioH6[4]N :NC«H6, 
is first formed, and then l-naphthol-2,4-5i«^azobcnzene, (OH)[l]CioH6[2,4]- 
(N: NCsHs) 2 ; 2-naphthol gives 2-naphthol-l-azobenzene, (OH) [2] CioHa[ 11N: - 
NCnHs* 

These substances are also obtained by the action of phenylhydrazine on the 
naphthaquinones (p. 631). 1,4-Naphtho-quinone-phcnylhydrazone is identical 
with l-naphthol-4-azobenzene. By the action of phenylhydrazine on 1,2- 
naphthaquinone, 1-naphthol-2-azobenzene, m.p. 128®, is obtained. This com¬ 
pound cannot be obtained directly from 1-naphthol. By the action of phenyl- 
diazonium chloride it is converted into 1-naphthol-2,4-?)is-diazobenzene. 

In spite of these methods of preparation, the azonaphthols, like the azophenols 
(p. 209), are to be regarded as true oxy-azo-compounds. The tendency for the 
assumption of an azo-structure is so great in the case of 1-naphthol-2-azobenzenc 
that the acyl-phenylhydrazones first formed from 1,2-naphthaquinono and a«- 
acyl-phenylhydrazinos immediately isomerises to the 0-acyl-compounds, which 
are also obtained directly by the acylation of 1-naphthol-2-azobenzene {AuwerSy 
Ann. 359, 353): 


^N-N(Ac)C,H» 


Cioll, 


OAc 


< 

\N:NC,H 


S 


The naphthol-azo-(!ompounds are very importimt in the dyestulT industry. 
They are used almost exclusively in the form of their sulphonic acids, and are ob¬ 
tained (1) by the combination of the naphthols with diazotised aminosulphonic 
acids. Thus, <x-naphthol orange, OHll]CioH6[4] •N2’C6H4-S08H, /3-naphthol 
orange, On[2ICioH«[llN2Cja4SO,H, roccellin, OH( 21 C,oH 8 [llN 2 CioH 6 S 03 H, 
are important compounds of this class. Fast yellow G, is obtained by the sul- 
phonation of p-amino-azobenzene (p. 179) 


nos 


V-N h, 

30.H 



By diazotisation of fast yellow and coupling with 2-naphthol gives rise to Bie- 
brich scarlet. 


N= 



SO, 


a scarlet dye for wool. They are also formed (2) by the combination of diazo- 
salta with naphthol-sulphonic acids. For dyes from naphthacetol and diazonium 
compounds, see Witty l^r. 29, 2945. l-Diazonaphthol-2-sulphonic acid-4 is used 
for the preparation of photo-tracing paper. It is bleached by light (Schmidt, Ber. 
64 , 767). 
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When azo-naphthols are reduced, amino^naphthols and amines are formed. 
Phenylazo-p-naphthol ether gives 2-anilino-l,4-amino-naphthol ether: 



when reduced with stannous chloride. The transformation occurring here is 
strictly analogous to the semidine transformation of a hydroazobenzene substi¬ 
tuted in the p-position. 

Naphthol sulphonic adds .—^These have been prepared in large 
numbers and are of technical importance. In their methods of 


1-Naphthol-monosulphonic acids 

CioHeOHSOjH 

1 2 Schdffer's a~acid. Ann. 

152, 293. 

3 Ber. 26, R31. 

1 4 Neville and Winther*s 

acid. Ber. 24, 3157; 
27, 3458; Ann. 273, 
102 . 

I 5 L-acid. Ann. 247,343. 

1 7 Ber. 22, 993. 

1 8 Schdllkopfs acid. Ann. 

247,306; Ber. 23, 
3088. 

1-Naphthol-disulphonic acid^ 
CioHftOHSOaHSOjH 

12 4 Disulphonic acid 

for Martins yel¬ 
low, p. 623. 

12 7 Ber. 25, 1400. 

13 7 €-Disulphonic 

acid. Ber. 22, 
3227. 

14 6 Ger. Pat. 41,957. 

14 7 Ber. 24, 709; 

29, 38. 

14 3 Disulphonic acid 

S. Ber. 23, 
3090. 

1 -Naphthol-trisulphonic acids 

C10H4 OH SOgH SOsH SOjH 

1 2 4 7 Sulphonic 

acia for 
naphthol 
yellow (p. 
623). 

1 3 6 8 Sulphonic 

acid for 
chromo- 
trop. Ber. 
24,485;31, 
2156. 


2-Naphthol-mono3ulphonic acids 
OHSOgH 

2 1 Marschalk. Bull. [4] 45, 

651. 

2 4 Marschalk. Bull. [4] 45, 

651. 

2 5 7 -Monosulphonic acid. Ber. 

22, 336. 

2 6 Scfidffer*8 jS-acid. Ann. 152, 

296. Engel, Am 52,211. 

2 7 F- or 5-acia (p. 620). Ber. 

20,1426; 22,724. 

2 8 Croc/eic acid. Ber. 22, 453; 

24, 654. 

2-Naphthol-disulphonic acids 
OHSOsHSOiH 

2 3 6 R-acid. Ber. 22, 396. 

2 3 7 6-Disulphonic acid. 

Ber. 20, 2906. 

2 4 8 Disulphonic acid C. 

Ber. 26, 259. 

2 6 8 G-acid. Ber. 24, 707. 


2-Naphthol-trisulphonic acids 
OHSOgHSOgHSOgH 
2 3 6 8 Ber. 16, 4622. 


Other 2-naphthol-trisulphonic acids; 
see Ber. 27, 1207, 1209. 
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preparation and their properties they present no different features 
from the phenol-sulphonic acids. On the preceding page is a review 
of some of the more important members of this group.* 


Neville and Winther’s acid, which corresponds to naphthionic acid (p. 619) and 
is made, in the purest state, from 1-naphthyl-carbonate and concentrated sul¬ 
phuric acid, is the acid moat frequently used in the manufacture of azo-dyes. 
H-acid and G-acid are also used. They combine with the diazo-compounds of 
benzene and naphthalene to give a series of ponceau and Bordeaux dyes of the 
most diverse shades. The most important sulphonic acids of 2-naphthol are all 
made by the sulphonation of the latter; the following scheme indicates the acids 
formed. They may be formed together, or consecutively. 


[21-j8-Naphthol — 


Schftffer's ^-acid 

—♦ 2.6 - 


2,8 


Croceic acid 


R-aoid 

2,3,6 —I 

' " > 2 , 3 , 6 , 8 

2 , 6,8 —« 

G-acid 


Those naphthol-sulphonic acids which have a OH- and a SOsH- group in the 
1,8- or peri-position, form anhydrides, resembling lactones, called sultones (c/. 

Al]0 

sultams, p. 620). Naphthsultone, CioHe<^ | , m.p. 154®, b.p. above 360®, 

^[SjSOa 

is obtained by the decomposition of the diazo-compound of peri-naphthylamino- 
sulphonic acid. The sultone dissolves in hot alkalis, forming salts of peri- 
naphtholsulphonic acid. Sultones are also obtained from l-naphthol-3,8- and 
-4,8-di- and 3,6.8-trisulphonic acids. For sulphonyl chlorides of 1- and 2- 
naphthol, see Poliak, Mo. 49, 187, 203. 

Aminortaphthol--sulphonic acids are formed by reductive fission of the azo- 
compounds of naphtholsulphonic acids, from naphthylamine-polysulphonic acids 
by partial fusion with alkali; from diaminonaphthalene-sulphonic acids by heat¬ 
ing with sodium sulphite, and then with caustic soda. They are also obtained by 
reduction and sulphonation of nitroso-naphthols. These two processes can be 
carried out together by treatment of the nitrosonaphthols with sulphurous acid 
(Bdniger, Ber. 27, 23, 3050). 1,2-Nitroso-naphthol gives 1^,4-aminonaphthol 

gulphonic acid, CiaH6(l]NH2[2]OH[4lS08H, in this way. The isomeric 2,1,4- 
acid, CioH 5[1]OH[2]NH2[4]SO|H, is obtained by oxidation, even by atmospheric 


oxygen, of imino-oxo-naphthalene sulphonic acid, SOgHCioHs^ 




blackish- 


violet dye, fast to light and washing {Reverdin, Ber. 25, 1400; 26^ 1279). The 
2,1,6-acid is used in photography as a developer under the name Eikonogen. 2- 
Amino-8-naphthol 6-sulphonic acid G (Ger. rat. 62,934; Tauber, Ber. 29, 2267), 
l-amino-8-naphthol-3,6-disulphonic acid H (Ger. Pat. 67,062 and 69,7^22), 2- 
amino-5-naphthol-7-sulphonic acid, or J acid (Ger,. Pat. 188,505) are important 
in the dyeing industry because they impart to the azo-dyes of which they form 

§ art, the power to dye vegetable fibres directly, Battegay, Bull. [4], 33, 1481. 

ome of the 1,8-aminonaphthol-sulphonic acids are used as in the production of 
black dyes for wool. For 2-amino-5-naphthol-l-sulphonic acid, see Ger. Pat. 
233,105. For other aminonaphthol-sulphonic acids, see Bucherer, J. pr. [2], 80, 
201; Ruggli, Helv. 13, 748, 756. 

Dihydrozfiriaphthalema ,—^The ten possible isomers are all known. The most 
important are the naphthohydroquinones, obtained by the reduction of the naph- 
thaquinones. 1,2-Naphthobydroqttinone, CioHe[ 1 ^ 2 ](OH) 2 , m.p, about’60®, is 
obtained from 1,2-naphthaquinone by boiling with sulphurous acid. It is a 
strong caustic, and dissolves in alkalis with a yellow colour, which turns bright 
green on exposure to air. 1,4-Naphthohydroquinone, CioHe[l,4](OH)2{ m.p. 
176®, is obtained by reduction of 1^4-naphthaquinone with hydriodic acid and 
phosphorus, or zinc and hydrochloric acid. It is readily oxidised back to 1,4- 


• See jB. Nieizki,Qh&mie der organischen Farbstoffe, 4th ed., Springer, Berlin, 
1901; F, Mayer, Chemie der organischen Farbstoffe, 3rd ed., Springer, Berlin, 
1934. 
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naphthaquinone by chromic acid. 2.6-Dihydrozyiiaphthalene, m.p. 218^, is ob¬ 
tained by fusing Schaffer's 2-naphthol-sulphonic acid with potash. On oxidation 
with lead dioxide in benzene solution ii gives 2 , 6 - or ampAt-naphthaquinone (p. 
631), from which it can be reobtained by reduction with dilute hydriodic acid 
(Willstatterf Ber. 40, 1410). 2 , 3 -Dihy^ox 3 maphthalene, m.p. 159®, mono¬ 
methyl ether, m.p. 108®, has a similar physiological action to guaiacol (p. 219) 
{FriM&ndet, Ber. 27, 762; Mo. 23,513; Ger. Pat. 133,459). ^e also Erdmann, 
Ann. 247, 356; Clausius, Ber. 23, 519, etc. 1,3-Dih^droxynaphthalene, or 
naphthoresorcinol, m.p. 124®^ is obtained from 1,3,4-aminonaphthol-sulphonic 
acid. When fused with alkali it gives o-toluic acid (see p. 292 and Friedtdnder, 
Ber. 29, 1611). 2-Phcnyl-l,3-dihydroxynaphthalene, m.p. 166®, is obtained by 
the action of concentrated sulphuric acid on a.Y-diphenylacetoacetic ester. It 
readily takes up oxygen, giving phenylhyaroxy-l,4-naphthaquinone. 1,5- 
Dihydroxynaphthalene, m.p. 258-260®; 1,6-dihydroxynaphthalene, m.p. 135.5® 
(Fischer, J. pr. [2], 94, 1 ; Fuchs, Ber. 55, 658). 1,7-Dihydroxynaphthalene, 
m.p. 175®, see Friedldnder, Ber. 29, 40: 2,7-Dihydroxynaphthalene, m.p. 190®, 
see Nietzki, Ber. 30, 1119; Fischer. J. pr. [2], 94, 1 . l, 8 -(pen)Dihydroxy- 

naphthalene. m.p. 140®, from naphtnsultone (see above) by fusion with piotash 
(Erdmann, Ann. 247, 356). l,8-Dihydroxynaphthalene-3,6-disulphonic acid is 
called chromotropic acid. It is obtained by fusing the corresponding naphthol- 
trisulphonic acid with potash, and is important as a component of the valuable 
o-hyoroxyazo-dyes (Hantower, Ber. 31, 2156), or chrome-dyes. After dyeing 
they become extraordinarily fast to light and washing when treated with chromium 
salts. For the constitution of the chromium lake, see Rosenhauer, Ber. 62^ 2717. 

1,5- and 2,7-Dihydroxynaphthalenes combine with sodium bisulphite as if they 
existed in the tautomeric form of the dihydrogenated ketone. Thus, 1,5-di- 
hydroxynaphthalene is in eauilibrium with l-oxo- 5 -hydroxy-l, 2 -dihydronaph- 
thalene, which, on prolonged boiling with sodium bisulphite adds on one molecule 
of this salt to the keto-group, and a second molecule across the double bond be¬ 
tween Ca and C 4 . The bisulphite compound of l-oxo-5-hydroxy-l,2,3,4-tetra- 
hydronaphthalenc-3-siilphonic acid thus obtained, readily splits off a molecule of 
s^ium bisulphite with formation of the tetralone compound (Frichs, Ber. 55, 
568): 


OH O HO SOaH O 



a- and /3-Hydroiuglone arc trihydroxy naphthalenes. They occur in the green 
shells of unripe walnuts, JTw^Zans regia (Mylius, Ber. 18, 463, 2567). a-Hydro- 
juglone, CioHsI 1,4,5] ( 0 H) 3 , m.p. 169®^ is also obtained by the reduction of jug- 
lone (p. 630), to which it is rapidly oxidised when its solution is exposed to the air. 
On distillation it is converted into /3-hydlrojuglone, m.p. 97°, which is not oxidised 
to juglone, but is converted back into the «-compound by alcoholic hydrogen 
chloride. l, 2 , 4 -Trihydrox 3 rnaphthalene, m.p. 154®, is obtained in the form of its 
triacetate, m.p. 134®, by the action of acetic anhydride and sulphuric acid on 1,4- 
or 1,2-naphthaquinone (Thiele, Ann. 311, 345). 1 , 3 , 6 -Trihydroxynaphthalene, 
m.p. 95° (Meyer, Ber. 38, 3945). 

1,4,5,8-Tetrahydroxynaphthalene, m.p. 190®, is obtained by reduction of 
naphthazarine (p. 630) with zinc dust or sodium hydrosulphite. With stannous 
chloride, on the other hand, l,4-dioxo-5,8-dihydroxy-l,2,3,4-tetrahydronaphtha- 
lene, m.p. 153°, is formed, which can abo be obtained synthetically from succinic 
anhydride, hydroquinone, and aluminium chloride (Zahn, Ann. 462,72). 1 ,4,5,6- 

Tetrahydroxynaphthalene, m.p. 180®, is obtained by reduction of o-naphthazarine. 
When iso-naphthazarine is reduced, 1,2,3,4-tetrahydroxyiiaphthalene is ob¬ 
tained, which is very readily reconverted into isonaphthazarine. On further re¬ 
duction, wo-naphthazarine gives 1 , 2 , 3 -trihydroxynaphthalene, or naphthopyro- 
gaUol (Zincke, Ann. 307, 16). 
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ThionavkthoU are obtained by the reduction of naphthalene sulphonyl chlorides 
or from the diazonaphthalenes. Thionaphthol, or naphthyl-mercaptan, C 10 H 7 •- 
SH, 1 - liquid, b.p. 286®, 2- m.p. 81®, b.p. 286® {Krafft^ Ber. 26, 2816; Leuckart, 
J. pr. ( 21 , 41, 179; Bourgeois^ Rec. 18, 426). The lead salt. (CioH 7 [ 2 ]S) 2 Pb, 
when heated with bromobenzene gives phenyl- 2 -naphihyl sulphide, m.p. 61®. 
When heated by itself the lead salt gives various dinaphthyl sulphides, which can 
also be obtained by other methods {Krafft^ Ber. 26, 2816). 2-Napnthyl sulphur 
chloride is obtained by the action of the calculated quantity of chlorine on 2 - 
na^hthj^l-mercaptan. It is a crystalline powder melting between 50® and 60®, 
which IS easily converted into the disulphide. With an excess of chlorine 1- 
chloro- 2 -naphthyl sulphur chloride is obtained, which is stable {Zincke, Ber. 51, 
751). 1,4-Naphthol-mercaptan, needles, m.p. 114®, is readily obtained by reduc¬ 
tion of 1,4-naphthol sulphonyl chloride. It readily passes into the disulphide, 
m.p. 152® (Zincfcc, Ber. 48, 120 ). By the action of sulphur chloride on 2 - 
naphthol, dihydroxydinaphthyl sulphide, S(CiaH 6 *OH) 2 , m.p. 216® is obtained. 

< CioHieO 

], m.p. 165® (Hen^ 

CioHieO 

riqueSf Ber. 27, 2993; Marckwald. Ber. 28, 114). When this is treated with zinc 
and glacial acetic acid, iso-2-napnthol sulphide, m.p. 159®, is formed. For the 
isomerism of the two naphthol sulphides, see Lesser, Ber. 56, 963; Hinsberg, Ber. 
56, 1735; Lesser, Ber. 56, 1802. Naphthalene dihydrogen sulphide, CioHefSH)!, 
see Braun, Ber. 25, 2735. 1,4-An^onaphthyl-mercaptan, m.p. 91-93®, see 
Zincke, Ber. 45, 471. 

10 . QUINONES. Theoretically six different naphthaquinones 
can exist, three mononuclear quinones, corresponding to the benzo- 
quinones, and three binuclear: 


0 0 O O 



There are also diquinones in which both nuclei of the naphthalene 
have two quinone carbonyl groups. 

Of the naphthaquinones containing two carbonyl groups only the 

1.4- or a-, the 1,2- or /3-, and the 2,6- or ompAf-naphthaquinones, and a 
derivative of 2,3-naphthaquinone have been prepared up to the 
present. 

1.4- (a)-Naphthaquinone, 0:(l]CioHe[4]:0, m.p. 125°, crystallises 
from alcohol in yellow, rhombic tablets, which sublime even below 
100°. It has the characteristic quinone smell, and is readily volatile 
in steam. It is obtained; (f) by oxidation of naphthalene with 
chromic acid in glacial acetic acid solution, or by electrolytic oxidation 
{de Battens, Z. Elektrochem. 8,673); (;?) more readily by oxidation of 

1.4- diamino- or 1,4-dihydroxy-naphthalene, 1,4-aminonaphthol 

(Zincke, Ann. 286,70), 1-naphthylamine, etc., with sodium dichromate 
and sulphuric acid (Schniter, Ber. 20, 2283). (S) Benzene-azo- 

naphthol is decomposed by lead dioxide and sulphuric acid in the cold 
into phenyl-diazonium sulphate and 1,4-naphthaquinone {LaiUh, 
C.r. 112, 1512). 

1.4- Naphthaquinone is oxidised to phthalic acid by nitric acid, and 
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when reduced it gives 1,4-naphthohydroquinone. With nitrogen 
trioxide in the cold it gives 1,3-diketohydrindene nitrosite (see p. 699). 
Its compounds with phenylhydrazine and hydroxylamine are dealt 
with under nitrogen-containing deiivatives of naphthaquinone (p. 
631). 


Substituted 1 f4~ruiphtha>quinone8. —1,4-Naphthaquinone adds on two atoms of 
chlorine or bromine, but the addition products soon lose HCl and HBr and give 
2>chloro- and 2-bromo-l,4-naphthaquinone. m.p. 117® and 130®. 2,3-Dicliloro- 
and 2^3>dibromonaphthaquinone, m.p. 193*^ and 218®. 

As in the case of the i,2-dihalogeno-indones (p. 596), the halogen atoms in 
these halogeno-quinones can be readily exchanged for other groups. For ex¬ 
ample, from the dihalogeno-1,4-iiaphthaquinones and sodio-acetoaeetic ester or 
sodio-malonic ester, beautiful red- and blue-coloured compounds are obtained, 
whifih then pass into compounds, such as 

yCO—CBr 

C«H4<; II , m.p. 102®, bromo-l,4-naphthaquinone-ma- 

^CO—C• CH(COOC 2 Hs )2 Ionic ester, 

/CO—C • CH(C00C2H5)2 

C«H4<C II , m.p. 98®, 1,4-naphthaquinone-dimalonic 

C • CH (COOC 2 Hr ,)2 ester, 

/CO—CCl 

. C«H4<; II , m.p. 107®, chloro-l,4-naphthaquinone- 

^CO—C • CH (COCHs)COOC 2 H 6 acetoacetic ester. 


By further transformations these compounds give rise to many derivatives of the 
naphthaquinone series {Graehe^ Ber. 33, 566; Michel, Ber. 33, 2402; Liebermann, 
Ber. 34, 1643). By condensation of 2,3-dichloro-l,4-naphthaquinone with re¬ 
sorcinol or orcinol and sodium ethylate, derivatives of phenylene-naphthylene- 
/CO • C—V 

oxide, C 6 H 4 <C H ^CeHaOH, are obtained. This compound is closely con- 
^COCO^ 


nected with the hrasanes, which are decomposition products of brasilin (Lieber- 
niann, Ber. 32, 924; Kostavecki, Bt'r. 41, 2373). 

Hypochlorous acid converts 1,4-naphthaquinone into diketo-tetrahydro-naph- 
/CO—CHv 

thylene oxide, C 6 H 4 ^ I >0, wdiich readily takes up the elements of water, 
^CO—CH- 


HCl, and aniline by breaking of the ethylene oxide bond. The initial products are 
very varied and give rise to; hydrox^aphthaquinone, chloro-hydroxy-naphtha¬ 
quinone. anilido-hydroxynaphthaquinone, hydroxy naphthaquinone anil, and 
other substances; see Zincke, Ber. 25, 3599. 

Naphthafuchsone, m.p, 179®, O: lllCioH6[4] :C(C 6 H 6 ) 2 , may be regarded as a 
derivative of 1,4-naphthaquinone. It is obtained by the condensation of 1- 
hydroxy-2-naphthoic acid and benzilic acid, removing carbon dioxide and heating 
the hydroxv-carbinol-acid obtained with alkali (Zalcska-Masurkietvicz, Ber. 45, 
1429). 

Amino^erivatives. —When 1,4-naphthaquinone is heated with primary amines, 
alkyl- or aryl-aminonaphthaquinones are formed : 2-aniiino-1,4-naphthaquinone, 
CioH 402 [ 2 ]NHC 6 Hs, red needleSj m.p. 191®. 2-Amino -1,4 -naphthaquinone, 
m.p. 203®, is obtained, together with the isomeric hydroxy-1,4-naphthaquinone- 
imine (p. 633), by boiling amino-1,4-naphthaquinone-imine wdth water (Kehr- 
mann, Ber. 27, 3337; c/. Ber. 28, 348). 

Hydroxy-ruivhthaquinones. —2-Hydroxy-l ,4-naphthaquinone, napthalinic acid, 
m.p. 192-195*, CioH 602[2]OH, is obtained by the oxidation of 1,4-naphthaqui¬ 
none with alkaline hydrogen ^roxide {Teichner, Ber. 38, 3376) and by boiUng 
anilido-naphthaquinone with ailute caustic soda, or by boiling hydroxy-naphtha- 
Quinone-anil with alcohol and sulphuric acid. In adaition to the p-miinoid con- 
nguration of naphthalinic acid, an o-quinoid structure is possible. In the solid 
state only one form is known, while in solution some of the o-quinoid form is 
produced (Fieser, Am. 48, 2922, 3201; 50, 439). 2-Hydroxy-l,4-naphthaqui- 
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none is found in nature as a colouring matter in henna leaves. It is called law^ 
8 one (Vol. II, p. 426). 2-Phenyl-3-hydroi^*l,4-naphthaquinone, m.p. 147®, is 
obtained from 2-phenyl-1,3-dihydroxynaphtnalene by oxidation with atmospheric 
oxygen in alkaline solution (Volhard, Ann. 296, 18). Iodoxy-l,4-naphtnaqui- 
none, iodonaphthalirdc acid, CioH 402 [ 2 ]OH[ 3 ]I, is obtained by iodination of 
naphthalinic acid (Kehrmann, Ber. 28, 348). The o-hydroxy- and o-amino- 
naphthaquinone derivatives give dyes of the paradiazine and paroxazine series 
with o-diamines and o-hydroxyamines (c/. also the corresponding naphthaquinone- 
anils) {Kehnnann, Ber. 28, 353). 

5-Hydroxy-l,4-naphthaquinone, juglorie, m.p. 150® (decomp.), yellowish to 
reddish-brown prisms, is found in nature in walnut shells (Tommasi, Gazz. 50,1, 
263) and other green parts of the walnut tree. It is accompanied by hydrojuglone 
(1,4,5-trihydroxy-naphthalene). It is obtained artificially by the oxidation of 
a-hydrojuglone with ferric chloride, and by the oxidation of 1,5-dihydroxy- 
naphthalene with chromic acid (Bernthsetb, Ber, 20, 934), It is also obtained by 
the oxidation of the product of reduction of l,8-amino-hydroxynaphthalene-4- 
azobenzene sulphonic acid (Friedldnder, Mo. 23, 513). It dissolves in alkalis 
with a violet colour. When oxidised with nitric acid it gives dinitro-hydroxy- 
phthalic acid, juglonic acid {Bemihsen, Ber. 19, 164). For halogen derivatives of 
juglone, see Wheeler, Am. 41, 833). Plumbagin is apparently a 5-hydroxy-2- 
methyl-1,4-naphthaquinone (de Buruaga, An. soc. espan. fisica quim. 31, 185). 
Lapachol is a derivative of 3-hydroxy-l,4-naphthaquinone. It is the colouring 
matter of lapacho and taiga woods; lomatiol, which occurs in the seeds of species 
of Lomatia is also a derivative of this compound. The former is 2 -( 7 , 7 -dimethyl- 
allyl)-3-hydroxy-l,4-naplithaquinone, m.p. 140® {Monti^ Gazz. 45, II, 51; 
Fieser, Am. 49, 857)'; the latter is 2-[7.7Aiimcthyl-7-hydroxy-propene(l,2)]-3- 
hydroxy-1,4-naphthaquinone. Both substances are yellow. 

Dihydroxy-1,4-naphthaquinone, hydroxy juglone, m.p. 220® (decornp.), is ob¬ 
tained by atmospheric oxidation of an alkaline solution of juglone. An isomeric 
5,8-dihydroi7-l,4-naphthaqumone, naphthalizarin, naphthazarine^ or alizarin 
black, is formed from 1,5- and 1,8-^initronaphthalene by heating with cone, sul¬ 
phuric acid an^ reducing agents (p. 614 and Schunck, Ber. 27, 3462; Ger. Pat. 
76,922; Fritzsch, Ann. 286, 26). Its constitution is arrived at from the fact that 
it forms a diboric ester and complex salts with tin {Dimroth, Ann. 446, 123; 
Pfeiffer, Ber. 60, 111). It is obtained synthetically from hydroquinone, maleic 
anhydride, and aluminium chloride (Zahn, Ann. 462, 81). It is a useful substan¬ 
tive dye. For the bromination of naphthazarine, see Wheeler, Am. 49, 2825. 
When oxidised with manganese dioxide and sulphuric acid, naphthazarine gives 
naphthopurpurin, 5,7,8-trihydroxy-l,4-naphthaquinone {Jauhert, C.r. 129, 684; 
Zahn, Ann. 462^ 72), 5,6-Dihydroxy-l,4-naphthaquinone, m.p. 201-202®, (o- 
naphthazarine) is the naphthalene homologue of alizarin. It is obtained from 
6-hydroxy-l ,4-naphthaquinone through the 5-nitro compound^ reduction to the 
amino-compound, and oxidation with ferric chloride. Its dyeing properties are 
not so good as tnose of naphthazarine {Dimroth, Ann. 456, 177). A 2^3-di- 
hy(iroxy-l,4-naphthaquinone obtained from 1,2-naphthaquinone by the action of 
small quantities of bleaching powder, is called isonaphthazarine. It can also be 
obtained by heating 2,3-hydroxyanilino-l,4-naphthaquinone with bromine 
{Zincke, Ber. 25, 409, 3606). On reduction iao-naphthazarine gives tetra- and 
tri-hydroxynaphthalene (p. 627), and on oxidation tetraketonaphthalene, 
CeH 4 (CO) 4 , which is partially reconverted into z$c-naphthazarine when heated. 
Phenyl-glyoiyl-o-carboxylic acid is also formed in the oxidation of iso-naphth- 
azarine. With hydroxylamine it gives a dioxime, m.p. 228®, which gives dinitroso- 
1,4-naphthaquinone, CeH4[C402(N0)j], on oxidation {Zincke, Ann. 307, 1). 
Isonapnthazarine is closely related to carminazarine, obtained by oxidation of 
carminic acid {Dimroth, Ann. 399, 1; Ber. 42, 1612). It is 2,3,7-trihydroxy-5- 
methyl-8-carboxy-l,4-naphihaqtiinone. For 6,7-dihydroiqr-l ,4-naphthaquinone, 
see Friedldnder, Mo. 23, 513. 

2,6- and 2,7-Dihydroxy-l,4-naphthaquinone can be obtained by the action of 
acetic anhydiide and sulphuric acid on 6- and 7-hydroxy-1,2-naphthaquinones, 
the tetracetyl derivatives being first formed {Dimroth, Ann. 399, 36). 

1,4-Binaphthaquinone, CioHs[ 1,4lOj'Cija#! 1,4)02, m.p. 260-265®, is ob¬ 
tained by oxidation of 4-acetamino-l-naphthol {Witt, Ber. 30, 2663; Ulhmnn, 
Helv. 9, 442). 
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ly4y5y8-Naphthadiquinoiie, m.p. 220^, which is almost colourless, has a quinoid 
structure in both nuclei of naphthalen^ and is obtained by dehydrogenation of 
naphthazarine with lead tetraacetate (Zahn, Ann. 462, 72). 

1,2-Naphthaquinonei CioH6[l|2]02^ is obtained by the oxidation of 
2-amino-l-naphthol (p. 623) with ferric chloride (Groves, J. 45, 291; 
Witt, Ber. 21, 3472). It forms red needles which decompose at 115- 
120®. In contrast to the p-quinones it has no smell and is not vola¬ 
tile. It resembles anthraquinone and more still phenanthraquinone. 
Like the latter, it shows the reactions of an o-diketone. The oxidising 
power of 1,2-naphthaquinone is less than that of benzoquinone. 

Like 1,4-naphthaquinone it forms additjion products with two atoms of chlorine 
and bromine. These split off the halogen acid, forming chloro- and bromo-1,2- 
naphthaquinone. 3,4>I)ichloro- and -dibromo-1,2-naphthaquinone, m .p. 91 and 
173®, respectively. 1,2-Naphthaqiiinone-malonic ester, CeH 4 [C 402 H*CH- 
(C00R)2]. m.p. 108®. 3-Chloro>l,2-naphthaqumone-acetoacetic ester, m.p. 
175®, see Liebermann, Ber. 32, 264; Hirsch, Ber. 33, 2412. 

By the action of small quantities of bleacning powder on 1,2-uaphthaquinone, 
iso-naphthazarine, and 2,3-dihydroxy-l,4-naphthaquinone are formed, together 
with various other products. The transformation of hydroxy- or amino-1,2- 
naphthaquinone derivatives into hydroxy-1,4-naphthaquinone derivatives is a 
common phenomenon (c/. hydroxy-1,4-naphthaquinone-anil, p. 633). With 
excess of bleaching powder, 1,2-naphthaquinone undergoes ring fission, and 
phenyl-glyceric-o-lactorie is formed ^p. 440,610). In a similar way 3-nitro-l ,2- 
naphthaquinone, obtained by nitration of 1,2-naphthaquinone, is converted into 
an o-derivative of benzene when treated with chlorine and water. On the other 
handy 3,4-dichloro-l,2-naphthaquinone (see above) first undergoes transforma¬ 
tion into dichloro-hydroxy-indene-carboxyUc acid (p. 610) when treated wdth 
alkali. 1,2-Naphthaquinone is oxidised by ferric chloride to an oxide, 
0(CioH602)2, m.p. 245® {Wickelhaus, Ber. 30, 2199), and by permanganate to 
phthalic acid. Sulphurous acid reduces it to 1,2-napnthohydroquinone (p. 626) 
and hydrogen iodide to 2-naphthol (Japp, J. 63, 774). 

6-Bromo-4-chloro-l -methyl-2,3 -naphthaquinone, CioHs [ 6 ] Br [ 4 ] Cl [ 1 ] CH,- 

[2,3] 02 , yellow prisms, decomp. 220®, is obtained by the action of iodine on the 
lead salt of the corresponding 2,3-dihydroxy-naphthalene. It is odourless and 
non-volatile. It is reduced by zinc dust and glacial acetic acid partly to the 
corresponding dihydroxy-naphthalene. It combines with o-phenylene-diamine, 
like the o-dikctones, to give a derivative of naphthophenazinc (Fries, Ber. 42, 
337.5). 

2,6- or amp/)i-Naphthaquinone. CioH6[2,6]02, forms reddish-yellow crystals, 
decorap. 130-135®, and is produced by the oxidation of 2,6-dihydroxy-naphthalene 
in benzene solution with lead dioxide. It is non-volatile and odourless, and differs 
from the usual naphthaquinones by being a stronger oxidation agent. It is re¬ 
duced by dilute hydriodic acid to 2,6-dihydroxy-naphthalene, with which it com¬ 
bines to give a bluish-green quinhydrone, decomp. 124®. Its dichloro-substitu- 
tion product, 1,5-dichloro-awp/if-naphthaquinone, m.p. 206®, is more stable than 
the -naphthaquinone itself, the latter being readily affected by dilute acids 

and alkalis. The di(;hloro-oompound is obtained in a similar way to 1,5-dichloro- 
2,6-dihydroxy-naphthalene (Willstdtter, Ber. 40, 1406, 3971). 

For hydrogenated naphthaquinones and their stereoisomeric forms, see Alder, 
Ann. 501, 247. 


Nitrogenous Derivaiives of Naphthaquinones 

1. NAPHTHAQUINONE-PHENYLHYDRAZONES: Unlike the benzbqui- 
nones, both 1,4- and 1,2-naphthaquinone forms phenylhydrazones with phenyl- 
hvdrazine (McPherson, Ber. 28, 2414). The quinone-phenylhydrazones are 
identical with the benzene-azonaphthols (p. 624) (Farmer. Ber. 32, 3100). The 
reaction products of os-acylphenylhydrazmes on 1,2-napnthaquinone are to be 
regarded as 0-acylated azonaphthols (p. 624 and Auwers, Ber. 40. 2156; Ann. 
359, 363). On the other hand 1,4-napnthaquinone gives other products with as- 
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benzoyl- or -methyl-phenylhydrazine, viz,^ 


.NN(C0C6H»)CJR[» 
CioH«<^ , and 


/N:NC«H* 


are ob- 


.NN(CH,)C*Hj /N=NC«H6 

CioH<kC , while CioH< and CioH«< 

^ N3C0C,H5 ^OCH, 

tained by benzoylation and methylation of 1,4-naphthol-azo-benzene (McPher» 
son, Am. 22, 364). 

e. NAPHTHAQUINONE-OXIMES,NITROSONAPHTHOLS. Whenbpiled 
with hydroxylamine hydrochloride in alcoholic solution, 1,4- and 1,2-naphtha- 
quinones form naphthaquinone-oximes. which can also be obtained from the two 
naphthols by the action of nitrous acia, and are therefore to be regarded also as 
nitrosonaphthols: CioHefO) (NOH) or CioH*(OH) (NO) (c/. nitrosophenols, p. 
202). There are thus three isomeric compounds, of which the genetic connection 
is shown in the following diagram: 


—11— NH,OH —IH 

4 4 


— r“ N*oi 


1,4-Naphtha- 

quinone 

T 

1,2-Naphths- 

quinone 


NOH 

1,4-Naphthaquinone 
oxime or 4-nitroso-l- 
naphthol 


NHiOH 


o 

, —1|—NOH 

*-ll- 


NaOi 


- 31 : qr 

1-Naphthol 2-Naphthol 


NjOt 


NOH 


1,2-N aphthaquinone- 
1-oxime or l-nitroso- 
2-naphthol 


1,2-Naphthaqiunone- 
2-oxime or 2-nitro80-l- 
naphthol 


By isomerisation of nitronaphthalenes, nitrosonaphthols are also formed, Thus, 
when 2-nitronaphthalene is warmed with alcoholic potash, 2-nitroso-l-naphthol 
is formed. 1-Nitronaphthalene gives similarly l-nitroso-4-naphthol (Aieisea- 
heimer, Ann. 355,299). When 1,5-, 1,6-, and 1,8- dinitronaphthalene are treated 
with fuming sulphuric acid, 6-, 6-, and 8-iiitro-l-nitroso-4-naphthol (p. 614 and 
(jraebCf Ann. 335, 139, 145) are formed. 1^3,8-Nitronaphthalene disulphonic 
acid isomerises to nitrosonaphthol disulphonic acid with alkali {Meisenheimer 
Ber. 36, 4164; Graehe, Ber. 32, 2876). All three isomeric nitrosonaphthols are 
weak acids. On oxidation they give the corresponding nitronaphthols. 

4-Nitro80-l-naphthol, 1,4-naphthaquinone-ojdme, colourless needles, m.p. 
190°, and 2-nitroso-l-naphthol, l,2-naphthaquinone-2-oxime, yellow needles, 
m.p. 162°-164° (decomp.) {Meisenheimer, Ber. 36,4165). 1,2-Naphthaquinone- 
oxime is best prepared from l-hydro^-2-naphthoic acid (p. 636) by the action 
of nitrous acid, a carboxyl group being split off {Reverdin, Ber. 26, 1280). 1- 

Nitro 80 - 2 -naphthol, 1,2-naphthaquinone-l-oxime, yellowish-brown prisms, m.p. 
106°, precipitates a number of metals from their salts, and can be used for the 
separation of nickel from cobalt, iron from aluminium, and for the estimation of 
copper {Ilinaki, Ber. 18, 2728; von Knorre, Ber. 20, 283). It can also be used as 
a reagent for phenols which have two free ortho positions, but a para-position 
occupied, with respect to the OH group. When a solution of phenol is treated 
with alkaline l-nitroso-2-naphthol. and an oxidising agent, a carmine red colour 
is produced, which can be extracted by amyl alcohol {Gemgross* reaction,.Ber. 66, 
435; cf, Biochem. Z. 259, 240). The oxime of 1,2-naphthaquinone forms com¬ 
plex salts with iron salts, which have a deep green colour; it can be used as a 
mordant dye on a fabric treated with an iron mordant. Thus the iron salt of 1- 
nitroso-2-naphthol-6-8ulphonic acid, CioHdOKSOjH)[2]0[ll(NOH), obtained 
by the action of nitrogen trioxide on Schaffer’s 2-naphthol sulphonic acid, is the 
wool dye, naphthol green {Hoffmann, Ber. 24, 3741). For the product of the 
action of nitrogen dioxide on Schaffer’s ^-acid, see Nietzki, Ber. 30, 187. 

The ethers of the uitroso-naphthols, which can be obtained from the silver salts 
by the action of alkyl iodides, and also, partially, from the quinones by the action 
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of alkyl-hjrdroxylamines {Goldschmidt^ Ber. 18, 571, 2225), give amino-naphthols 
on reduction, which agrees with the **oxime formula" for tne nitrosonaphthols. 

l,4-Naphthaquinone>diozime. Ci 6 H*(NOH)i, m.p. 207®, is obtained by the 
action of hydroxylamine hydrochloride on l-nitroso-4-naphthol {NieUki, Ber. 21 , 
433). 


l, 2 >Naphthaquinone-dioxime, CioHt(NOH)*, m.p. 149®^ is obtained by the 
action of hydroxylamine hydrochloride on 2 , 1 - or 1 , 2 -nitrosonaphthol {Gold* 
schmidt, Ber. 17, 2064; lUnskiy Ber. 17, 2582). When warmed with alkalis it 
/[l]Nv 

forms an anhydride, CxoH«^ ^>0, m.p. 78®, which can be regarded as 


naphtho-furazane. Naphthylene-diamines arc obtained by reduction of naphtha- 
qui none-dioxirnes. 

3, NAPHTHA 9 UINONE-CHLORIMINES (c/. p. 244). The naphthaqui- 
none-monochlorimines are obtained from aininonaphthols and the dichloroimines 
from naphthylene diamines with bleaching powder {Friedldnder^ Ber. 27, 238). 
They resemble the benzoquinone-chlorimines, but do not give the colour reactions 
of the latter {Friedldnder, loc. cit,), 1,4-Naphthaquinone-chloiimme, CioHf- 
[1,4](NC1)0, m.p. 109®. 1,4-Naphthaquinone-dichlorimine, CioH6[l,4l(NC 1 ) 2 , 
m.p. 137®. 


1,2-Naphthaquinone-l-chlorimine, m.p. 87®, and l,2-naphthaauinone-2- 
chlorimine, decomp, at 98®, are obtained from 2,1- and 1,2-aminoiiaphthol, and 
give 2,1-, and 1,2-nitrosonaphthol with hydroxylamine. 1,2-Naphthaqttinone- 
dichlorimine, m.p. 105®. 

4 . NAPHfTHAQUINONE-IMINES AND -ANILS. To this class belong the 
indophenol- and indoanihne-dyes of the naphthalene series (see p. 245), such as 
<x-naphthol-blue, CioH«[l]0(4]:N*C 6 H 4 N(CH 8 ) 2 , which is obtained from 1- 
naphthol and a«-dimethyl-p-phenylene diamine or nitrosodimethylaniline. The 
simple 1,4-naphthaquinone-imine is not known, but a derivative of it, 2-amino- 


1.4-naphthaquinone-imine, CioHj[ 21 NH 2 [l] 0 [ 41 NH {Graebe. Ann. 154, 303), is 
obtained by the oxidation of l-hydroxy-2,4-diaminonaphthalene. When boiled 
with water it passes into 2-hydroxy-l,4-naphthaquinone-imme, m.p. 195® 
(Kehrmann, Ber. 23, 2454), and when treated with aniline it gives 2-amino-l,4- 
naphthaquinone-anil, CioH 8 [ 2 JNHj[l] 0 ( 4 ]NC 6 H 4 , m.p, 129®, and 2-anilino-l,4- 
naphthaquinone-anil, CioH 4 [ 21 NHCeHs[l] 0 [ 4 ]NCeH 8 , m.p. 187® {Goes, Ber. 13, 
123; Brdmme. Ber. 21,391; FwcAer, Ber. 21 ^ 676; AfiKer, J. Russ. Phys.-Chem. 
Soc. 41, 1420). 2-Hydroxy-1^4-naphthaquinone-imine gives a monoxime with 
hydroxylamine, which occurs in two interconvertible forms, red and yellow in 
colour {Kehrmann, Ber. 29, 1415). 1,4-Naphthaquinone-anil, CioH«[110[41- 
NCeHs, red columns, m.p. 100 ®, and 1 , 2 -naphthaquinone- 2 -anil, CioH 6 [l] 0 [ 2 ]- 
NCeHs, m.p. 103®, dark-green needles, are obtained by the alkaline condensation 
of nitroso-benzene with 1 - and 2-naphthol, respectively {Euler, Ber. 39, 1035). 
2-Hydroxy-l,4-naphthaquinone-anil, m.p. 240® (decomp.), is obtained from 1,2- 
naphthaquinone-4-sulphonic acid, the oxidation product of l,2-aminonaphthol-4- 
sulphonic acid, by the action of aniline in the cold. This is a case of transforma¬ 
tion of a 1 , 2 - into a 1,4-naphthaquinone derivative. p-Diamines react in a simi¬ 
lar way to aniline, and in this way hydroxylated indo-aniline dyes can be ob¬ 
tained {Bdniger, Ber. 27, 25, 3050), 1,4-Naphthaquinone-imme-anil, CioHe* 
(NH)(NC*Hj), m.p. 129®, is obtained by oxidation of p-aminonaphthyl-phenyl- 
amine with mercuric oxide {Fischer, Ann. 285, 186). 

1.2-Naphthaquinone-imine8. also known as imino-oxo- or imino-keto-naph¬ 
thalenes, such as CiaH«[l,2]0(NH) (p. 623), are obtained by atmospheric oxida¬ 
tion of alkaline solutions of 1 , 2 -aminonaphthols. 


11 . ALCOHOLS OP THE NAPHTHALENE SERIES AND THEIR 
OXIDATION PRODUCTS 

A. ALCOHOLS. Naphthobenzyl alcohols, or naphthyl-carbinols, CioHt** 
CH 2 OH, 1 - m.p. 60®, b.p. 301®; 2- m.p. 80®, are obtained by the action of nitrous 
acid on the corre^onding amines {Bamberger, Ber. 21,257). The naphthoben^l 
chlorides, C 10 H 7 CH 2 CI, 1 - b.p. 178® (25 mm.), 2 - m.p. 47®. are formed by the 
action of chlorine on the two methylnaphthalenes at the boiling point {Scherler, 
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Ber. 24,3928 ). Naphthobenzylamines, CioH 7 CH 2 NH 2 j 1-b.p.292®, 2- m.p. 60®, 
are preipared by the reduction of the corresponding thioamiaes of the naphthoic 
acids, and from the naphthonitriles. 1- and 2>Naphthyl-nitromethane, CioHt-- 
CH 2 NO 2 , m.p. 73® and 72®, show similar tautomerism to phenylnitromethane 
(p. 256). Tney are obtained from the naphthyl-acetonitriles by the action of 
ethyl nitrate and sodium ethylate and fission of the nitroacetonitriles obtained by 
boiling with caustic soda (p. 256 and Wislicemc^ Ber, 38, 508). 

1-Naphthyl-dimethyl carbinol, CioH 7 C(OH)(CHj) 3 , m.p. 80®, is obtained from 
1-naphthyl-methyl-ketone by the action of methyl magnesium iodide (seep. 606), 
and from 1-naphthylmagnesium bromide and acetone. 1-Naphthyl-phenyl 
carbinol, CioH 7 CH(OH)C 6 H 6 , m.p. 80®, and l-Naphtibiyl-diphenyl carbinol, 
CioH 7 C(OH) (C#H 5 ) 2 , m.p. 133®, are obtained by the action of benzaldehydc and 
benzophenone, respectively, on 1-naphthyl-magnesium bromide (Acree, Ber. 37, 
626, 2755). For further naphthyl-carbinols, see Shurakowski, J. Russ, Phys. 
Chem. ^c. 41, 1687. 

B. ALDEHYDES AND KETONES. 1-Naphthaldehyde, C 10 H 7 CHO, b.p, 

291®, and 2-naphthaldehyde, m.p. 59®, are obtained by oxidation of the napn- 
thylcarbinols, or from 1 - and 2 -naphthyl-magnesium bromide, respectively 
(Bamberger, Ber. 20 , 1116; Brandis, Ber. 22, 2148; Straus, Ann. 303. 227). 1- 

Naphthyl-acetaldehyde, CioH 7 'CH 2 CHO, b.p. 163-166® (13 mm.), is obtained by 
the action of mercuric oxide on 1-vinyl-naphthalene (Tiffeneau, C.r. 147, 678). 

1 - and 2 -Naphthyl-methyl-acetaldehyde, CioH 7 *CH(CH,)CHO, b.p. 132® (^ 
mm.) and m.p. ^®, are obtained by the condensation of 1 - and 2 -naphthyl- 
methyl ketone with ethyl chloroacetate and sodium ethylate, with subsequent 
hydrolysis, and loss of carbon dioxide (Darzens, C.r. 145, 1342). The 1 -com¬ 
pound has also been' obtained by the action of mercuric oxide and iodine on 1 - 
propenyl-naphthalene (Tiffeneau, C.r. 147, 678). 

l-and2-Naphthyl-methyl-ketone, CioH 7 COCHi. 1 -liquid, b.p. 167® (12 mm.), 

2- m.p. 61®, b.p. 172® (11 mm.) (kousset. Bull. [3], 15, 58), are obtained from 
naphthalene by the action of acetyl chloride in the presence of aluminium chloride, 
and have been separated by their picrates. The naphthyl-methyl-ketone chlo¬ 
rides lose HCl and mve 1- and 2-naphthyl-acetylenes, which regenerate the 
ketones when treated with sulphuric acid. Oxidation of 1-naphthyl-methyl- 
ketone with permanganate gives l-naphthyl-glyojprlic acid, CioHt’CO-COOH, 
m.p. 113®. which can also be obtained by hydrolysis of naphthoyl cyanide, itself 
produced from naphthoyl chloride. 1-Naphthoyl-o-benzoic acid, CioH 7 COC 6 H 4 - 
COOH, m.p. 173®, is obtained from phthalic anhydride, naphthalene, and alumin¬ 
ium chloride (Gabriel, Ber. 33, 448). Trialkyl-acetonaphthones are obtained by 
the action of sodamide and alkyl iodides on naphthyl-methyl-ketones (Volmar, 
C.r. 150, 1174). For other acyl-naphthyl-ketones, see Bargellini,AXi\, Accad. 
Line. Roma [5], 17, II, 26; for 2-hydroxy-6-acetonaphthalene, see Fries, Ber. 58, 
2841. Phenyl-naphthyl-ketones, see Caille, Bull. [4], 3, 916; de Fazi, Gazz. 49, 
I, 242; Willemart, Ann. chim. [10], 12, 345. 

1,4- and 2 ,l-Naphthol-aldehyde 8 , CioH 6 (OH)CHO, m.p. 181®, and 81®, are 
best obtained by Gattermann’s method (p. 265) in the form of their aldimines, by 
the action of hydrocyanic acid and l^drochloric acid on the n^hthols in the pres¬ 
ence of zinc chloride (Gaitermann, Ber. 32, 284; c/. Fosse, Bull. [3], 25, 371). 
1,2-Naphthol-aldehyde, m.p. 59®^ is obtained by treating the condensation prod¬ 
uct of 1 -naphthol and isatin chlonde with caustic soda (Bezdzik, Mo. 29, 382; 30, 
277). Naphthol-aldehyde-sulphonic acids are obtained by Reimer's synthesis 
by the action of chloroform and alkali on the naphthol-sulphonic acids (Ger. Pat. 
97,934). 1 -Naphdiol-^-methjl-ketone, CiaH«[l](OH)[3r(COCHa), m.p. 174®, 
is produced by the condensation of 2 -benzal-laevulinic acid (see p. 606 and Erd^ 
mann, Ber. 24,3201). l-Naphthol-4-methyl-ketone, m.p. 198®, is obtained from 
1 -naphthol-ethyl ether, acetyl chloride and aluminium chloridej with subsequent 
hydrolysis of the ethyl ether. Diacetonaphihol, m.p. 140®, is also produced. 
For other acetonaphthols, see Witt, Ber. 47, 3216. pen-Dihydroxy-naphthyl- 
ketones, (HO) 2 [l, 8 ]CieH 6 COR, obtained from pen-aihydroxynaphthalene by 
the action of carbon dioxide and zinc chloride are lake-forming mordant dyes 
(Ger. Pat. 126,199). 

C. NAPHTHALENE MONOCARBOXYLIC ACIDS. 1-Naph- 
thoic acid, Cv^t'COOH, m.p. 160°, is obtained: (1) by hydrolysis 



f 

NAPHTHOIC ACIDS 636 


of 1-naphthonitrile {Bamberger^ Her. 20, 242; Ekstrandf J. pr. [2], 
38, 241); (2) by fusing 1-naphthalene sulphonic acid with sodium 
formate; (3a) by the action of magnesium and carbon dioxide on 
1-bromonaphthalene in ether solution; (36) by the action of ethyl 
chlorocarbonate and sodium on bromonaphthalene; (4) by the 
action of oxalyl chloride, or urea on naphthalene in the presence 
of aluminium chloride {Gattermann, Ber. 23, 1197; Liebermunn, 
Ber. 44, 204). 2-Naphthoic acid, m.p. 182®, is obtained from 2- 
naphthonitrile {Armstrong^ Proc. 1889, 122) and by oxidation of 2- 
alkylnaphthalenes {Schulze, Ber. 17, 1527; Roux, Ann. chim. phys. 
[6], 12, 289). Both acids lose carbon dioxide when heated with 
lime or baryta, and give naphthalene. The naphthoic acids are 
difficultly soluble in hot water. 


Homologous naphthalene carhoxylk acids. —1-Naphthyl-acetic acid. CioH 7 -CH 2 * 
COOH, m.p. 131®; nitrile, b.p. 194® (18 mm.), has been obtained oy the reduc¬ 
tion of 1-naphthyl-glyoxylie acid (see above). The 2-acid, m.p. 139®; nitrile, 
m.p. 80®, is obtained from 2-naphthobeuzyl chloride, through the cyanide {Blank, 
Ber. 29, 2373). 1- and 2-Naphthyl-acrylic acids, CioHtCHiCHCOOH, m.p. 

205® and 196®, respectively, are obtained by Perkin's synthesis from the naphth- 
aldehydes. sodium acetate, and acetic anhydride. With sodium propionate, the 
chief product is propenyL-naphihalene (p. 613), carbon dioxide being split off 

/CH==CH 

(Roussel, Bull. [3], 17, 812). 1- and 2-Naphthocoumarin, CioH®<^ | , 

\0-CO 

m.p. 141® and 118°, respectively, and their alkylated derivatives, are obtained by 
the general methods for preparing the coumarins (p^ 472) by the action of malic 
acid, acctoacetic ester, etc., on naphthol in the presence of sulphuric acid, and 
from the naphthol-aldehydes by the Perkin synthesis {Barlsch, Ber. 36, 1966; 
Knoevenagel, Ber. 37, 4484; Bezdzik, Mo. 30, 280). 

2-Phenyl- and 2-naphthyl-l-naphthoic acids are called chrysenic and picenic 
acids (see chrysene and picene, pp. 694, 702). 

Substituted naphthoic acids. —By nitrating 1-naphthoic acid, 6- and 8-nitro-l- 
naphthoic acids, m.p. 239® and 275®, respectively, are obtained. On heating 
with nitric acid, they give l,5(a-) and l,8-(j8-)-ainitronaphthalene (p. 614). 
1,4-Nitronaphthoic acid, m.p. 220®, is obtained by the hydrolysis of its nitrile, 
which is obtained by treating the diazonium compound of 1,4-nitronaphthylamino 
with potassium cuprocyanide. By reduction with ferrous sulphate and ammonia, 
the 1,5-acid gives the stable 1,5-aminonaphthoic acid, CioH6(NHa)COOH, m.p. 
212° {Ekstrarul, Ber. 19, 1982). 1,8- or peri-Aminonaphthoic acid, obtained 

from the 1,8-acid, like 1,8-aminosulphonic acid (p. 619), on the other hand, easily 

/[l]CO 

gives an anhydride, the so-called naphthostyril, CioH«C ( , m.p. 179® (A’fc- 

^(8)NH 

strand, Ber. 19, 1131; Bamberger, Ber. 20, 242; Schroeter, Ber. 35, 4218). 1,4- 

Aminonaphthoic acid, m.p. 177® {Friedldnder, Ber. 28, 1842). Nitration of 2- 
naphthoic acid gives rise to 5- and 8-nitro-2-naphthoic acid, and a little l-nitro- 
2-naphthoic acid (Esktrand, J. pr. [2], 43, 409; Harrison, J. 1926, 84). 2,3- 
Aminonaphthoic acid, m.p. 234®, has been obtained by the action of ammonia on 
the corresponding hydroxynaphthoic acid {Mohlau, Ber. 28, 3089). For other 
nitro- and amino-naphthoic acids, see Friedldnder, C. 1899,1, 288. 1,3- and 1,4- 

Diamino-2-naphthoic acids, m.p. 85® and 185®, lose carbon dioxide and form 1,3- 
and 1,4-naphtnylene-diamine. Their esters can be obtained by the nuclear syn¬ 
thetic method given on p. 607 {.Atkinson, J, 91, 578; Thorpe, J. 91, 1004), 2,1- 
and 1,2-Aniinonaphthoic acids, m.p. 126® and 205®, respectively, readily lose 
carbon dioxide forming the corresponding amines (Friedldnder, Ber. 48, 328). 

Hydroxynaphthoic adds, naphthoUcarhoxylic adds, which contain the OH- and 
COOH-groups in the ortno-position, are obtained like the o-phenol carboxylic 
acids (p. 355), by heating the sodium compounds of the naphthols with carbon 
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dioxide under pressure, or by heating the naphthols in toluene solution with so¬ 
dium and carbon dioxide. 1,2-Naphthol-carbozylic acid, CioH6[l](OH}[2]- 
(COOH) , m.p. 191-192®, is obtained in this way from 1 -naphthol. By the action 
of carbon dioxide on the sodium compound of 2 -naphthol at 120^-146®^ 2 , 1 - 
naphihol-carboxylic acid, m .p. 168® (decomp.) f is obtamed. If the heating is car¬ 
ried to 200®~260®, 2,3-naphthoi-carboxyiic acid, m.p. 222-223®, is obtained. 
Ethers of 2-naphthol-carboxylic acid, AlkOl2]CioH6COOH, are obtained by the 
Grignard reaction from l-bromo- 2 -naphthol-ethers, by the action of magnesium 
and carbon dioxide {Bodroux, Bull. [3], 31, 30). The 2 , 1 -acid is characterised 
by the mobility of its carbo 3^1 group. When heated by itself, or when boiled 
with watei, it gives 1 -naphthol, and with nitrous acid it gives l-nitroso- 2 -naph- 
thol (p. 632). With phcnyl-diazonium salts it gives benzene-azo-2-naphthol, 
etc. The 2,3-acid, on the other hand, is very stable, and resembles salicylic acid. 
On account of its decided yellow colour, it has been proposed to give this acid the 

yCHj—CO 

formula corresponding to keto-dihydro-naphthoic acid, CeH^ I 

\CH=CCOOH 

(Schopff, Ber. 29,265; Friedl, Mo. 31,917). The cause of the colour is, however, 
not clear (c/. Lesser, Ber. 58, 2109; Fries, Ber. 58, 2845). 


1 - and 2 -Naphthol-carboxylic acids give the corresponding acid chlorides with 
thionyl chloride (Zincke, Mo. 22 , 813). 2,3-Naphthol-carboxylic acid gives the 
colourless 2-cbloro-3-naphthoic chloride, m.p. 56®. b.p. 248® (160 mm.) with 
phosphorus pentachloride (Strohbach, Ber. 34, 4158;. 


yC(OH):Cn 

/3-Hydroxy-1,2- and 2,3-naphthocoumarin, , 


m.p. 268® 


and 240®, respectively, are obtained from 1,2-naphtholcarboxylic chloride and 
acetyl- 2 ,3-naphthol-carboxylie chloride by reaction with sodio-malonic ester, 
reacting in the same way as acetylsalicylic chloride (p. 485) {Anschutz, Ann. 367, 
253; 368,43). 

All three o-naphthol-carboxylic acids give naphthoxanthones 
CioHe<^ yCioHe, when heated with acetic anhydride, (Kostanecki, Ber. 25, 


1642). 

1,4- and 1,5-Naphtholcarboxylic acids, m.p. 183-184® and 219®, respectively, 
are obtained from the corresponding naphthylamine-sulphonic acids by diazotisa- 
tion, transformation into the cyanosulphonic acids, carboxyl-sulphonic acids, and 
finally fusion with potash {Royle, J. 123, 1641). 

1,8- or peri-Naphtholcarboxylic acid is obtained by the decomposition of tht 
diazonium compound of 1 , 8 -amino-naphthoic acid, and like the latter, readily 

forms an anhydride, the 7 -lactone, CioH«<f T , m.p. 169®. 

\S]CO 


2,3-Hydroxynaphthoic acid gives a mixed azo-compound with phenyldiazo- 
nium chloride, which on reduction breaks down to 1 , 2 ,3-amino-hydroxy-naphthoic 
acid. When boiled with sulphuric acid, this gives 1 ,2-dihydroxy-3-naphthoic acid, 
m.p. 215® (decomp.), which is also obtained from 1,2-sodio-naphthohydroquinone 
by the action of carbon dioxide, and is converted by oxidation into 1 , 2 -naptha- 
quinone-3-carboxylic acid (Mohlau, Ber. 28, 3089). From 1,4-sodio-naphtho- 
hydroquinone and carbon dioxide, l,4-dihydroxy-2-naphthoic acid, m.p. 186® 
(decomp.), is obtained, together with a condensation product of the acid belong¬ 
ing to the anthracene series {Russig, J. pr. [2], 62, 47). 1,3-Dihydroxy-2- 

naphthoic acid, or naphtho-resorcinol-carboxylic acid, m.p. 145® (decomp.), is ob¬ 
tained by the hydrolysis of its ethyl ester, m.p. 83®, which is itself obtamed syn¬ 
thetically by the action of concentrated sulphuric acid on phenacetvl-ma Ionic 
ester (p. 606) {Meizmr, Ann. 298, 383). For other dihydroxy-naphthoic acids, 
see Ber. 29, 39. 

The imides of the o-naphthoic-sulphonic acids are of interest as being the naph¬ 
thalene analo^es of saccharine. The three possible isomerides taste bitter and 
not sweet. They have been obtained from the naphthylamine sulphonic acids 
through the cyanosulphonic acids (Kauffmann, Ber.. 55, 1499). 
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D. NAPHTHALENE-DI- AND -POLY-CARBOXYLIC ACIDS. 

Of the known naphthalene di carboxylic acids, the most important is 
the 1,8- or peri-acid, called naphthaUc acid, CioH6[l,8](COOH)a, 
wliich is obtained by the oxidation of acenaphthene (p. 685), and by 
hydrolysis of its semi-nitrile, which is obtained from the diazonium 
compound of peri-aminonaphthoic acid. The following scheme 
shows the relationships of a series of peri-naphthalene derivatives: 


NO« NOf NOi COOH NH* COOH OH COOH HOOC COOH CH*-CHi 



p«r»-Dinitro- ptri-Nitro- p«ri-Amino- p^ri-Naphthol- Naphthalic Acenaphthene 

naphthalene naphthoic naphthoic carboxylic acid 

acid acid acid * 


Like the other pen-compounds of a similar kind (see above, and p. 626), naph- 
thalic acid breaks down even on heating to 180®, without melting, into water and 
the anhydride. CioH6(CO)20, m.p, 266®. This is also readily formed by treating 
the a.(!id with hydrochloric acid in alcohol, and by various other methods. Like 
plithalic anhydride, it condenses with phenol, giving phenolnaphthalein, 
/’C(C 6 H 40 H )2 

CioH6<^^^>0 {Jauhert, Atti. r. acc. Lincei Rend. 1895, I, 392). With 

malonic ester and zinc chloride it gives pm-naphthindandione, 

/[l]00v 

^ >CH 2 {Erreraf Gazz. 41, I, 190). For naphthanil and naphth- 

phenylhydrazil and other derivatives of naphthalic acid, see Jauhert, Ber. 28,360; 
Anselm, Ber. 32, 3283; Graehe, Ann. 327, 77; Francescovi, Gazz. 44, ll, 92; 
Osirogotfich, Gazz, 41, II, 757. 


Naphthalimide, CioH 6 (CO) 2 NH, m.p. 300®, gives naphthostyril (p, 635) on 
treatment with sodium hypochlorite \Ulhnann, Ber. 43 , 440). Naphthalide, 
✓ [ 1]CH2v 

CioHfl<( X), m.p. 160®, may be regarded as a reduction product of naph- 

^[8]CO/ 

thalic anhydride {Errera, Gazz. 44, II, 92). 


Hydroxynaphthalic acids, see Dziewomki, Ber. 57, 1540. 1,2-Naphthalene- 

dicarboxylic acid, obtained by hydrolysis of its nitrile, melts at 175®, and is con¬ 
verted into its anhydride, m.p. 105® {Cleve, Ber. 25, 2475). 1,5-Naphthalene- 
dicarboxylic acid, see Moro, Gazz. 26, I, 89; Scholl, Ber. 55, 113. 1,4-Naph- 

thalene-^car boxy lie acid, m.p. 309®, obtained by the hydrolysis of 1,4-dicyano- 
naphthalene, melts at 309® {Scholl, Berl 55, 113); 1,7- and 2,3-naphthalene- 
dicarboxylic acids, m.p. 265® and 246®, respectively, see Ruzicka, Helv. 5, 923; 
Waldman, J. pr. [2], 128, 150. l-Phenylnaphthalene-2,3-dicarboxylic acid, 
Cli=CCOOH 

CJH«< I , is obtained in the form of its anhydride, m.p. 255®, by 

\C(C6HO;(:COOH 

heating phenyl-propiolic acid, CeHsC-CCOOH, with acetic anhydride, a reaction 
recalling the formation of the aromatic ring from acetylenic compounas (pp. 478, 
606). It is also formed by illumination of a benzene solution of dibenzalsuccinic 
anhydride (p. 573), Bjr the action of concentrated sulphuric acid, the colourless 
anhydride is converted into the allochrysKiketo-carboxylic acid, m.p. 288®, which 
crystallises in mauve-red needles, and which on fusion with alkali passes into the 
isomeric 1-phenyl-naphthalene-aicarboxylic acid, m.p. 288® {Stobbe^ Ber. 40, 
3382; Pfeiffer, Ber. 40, 3839; Bucher, Am, 30, 1244): 
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C„H,.i-COOH 


CioHeCOOH 

ijLCOOH 


l,4,5»8-Naphthalene-tetracarboxylic acid, CioH4[l,4,5,8](COOH)42 with tho 
carboxvl groups in the two peri-positions, is obtained from pyrenic acid (p. 700) 
by oxidation {Bamberger^ Ber. 20, 365; Freund, Ann, 390, 224; 402, 77). 

Naphthonitriles, or cyanonaphthalenes .—^The naphthonitriles are obtained by 
the distUlation of the alkali metal salts of the naphthol sulphonic acids, or the 
phosphoric esters of the naphthols with potassium cyanide or potassium ferro- 
cyamde, or from the naphthylamines through the diazonium compounds (JSfc- 
strand, J. pr. [2], 38, 139, 271). 

1-Naphdionitrile, or 1-cyanonaphthalene, CioHt-CN, m.p. 37®, b.p. 298®, is 
obtained from l-bromonaphthalene and potassium ferrocyanide (Merz, Ber. 10, 
748). 2-Cyanonaphthalcne. m.p. 66®, b.p. 304®. 1,2-Dicyanonaphthalene, 
CioHftCCN)^, m.p. 190®, is obtained by distilling 1,2-chloronaphthalene sulphonic 
acid with potassium ferrocyanide {Cleve, Ber. 25, 2475). 1,4-Dicyanonaphtha- 
lene, m.p. 206®. For other isomeric dicyanonaphthalencs, see Schaeffer, Ann. 
152, 289; J. 1869, 483; Scholl, Ber. 55, 120). l,4-Dicyano-2,3-dihydroxynaph- 
yC(CN):COH 

thalene, C 6 H 4 < I , m.p. 291®, is obtained synthetically by the con- 

\C(CN):COH 

densation of ethyl oxalate and o-xjdylene cyanide (p. 606). 


(6) Dinaphthyly Dinaphthylmethane, and TrinapJithylmethane 

Derivatives 

Various isomeric dinaphthyls have been obtained by passing naphthalene 
vapjour through red-hot tubes, by heating naphthalene with aluminium chloride, 
by the action of sodium or copper bronze on bromo- and iodo-naphthalene, by 
heating mercury dinaphthyl, Hg(CioH 7)2 (Chattaway, J. 65, 877), etc, 1,1 - 

Dinaphthyl, m.p. 157®, gives perylene, CioH®! |gj JCioHe, on heating with 

aluminium chloride to 140®. By nitration, 4-, and 4,4'-mono- and di-nitro-1.1 '- 
dinaphthyl are formed {Burton, Am. 45, 1566). The compounds corresponaing 
to benzidine or 4,4'-diaminodiphenylene, viz,, 4,4'-diamino-1.1'-dinaphttiyls, or 
naphthidines, are obtained, together with 1,1'-diamino-2,2-dinaphthylene or 
dinaphthylines, by the transformation of the hydrazonaphthalenes (p. 618), or di¬ 
rectly from the naphthylamines by the action of 80% sulphuric acid in the pres¬ 
ence of oxidising agents, such as ferric chloride, etc, {Reverdin, Ch.-Ztg. 16,1687). 
By the action of ferric chloride on the naphthols, dinaphthols are formed, which 
can also be obtained from the naphthidines through the diazo-compounds, or 
by the action of copper powder on the halogeno-naphthols. 2,2 '-Dihydroxy-l, 1 '- 
dinaphthyl (/5-dinaphthol), m.p. 216®. Halogeno-dinaphthyls, see Corhellini, 
Gazz. 59, 301. 3,3'-Diamino-1,1'-dinaphthyl, m.p. 270®. 4,4'-Diamino-1,1'- 
dinaphthyl, or naphthidine, m.p. 202®. and other compounds of this type, see 
Cumming. J. 1932, 528. For optically active azo-dyes obtained from these 
compounds, see Murshashi, Sci. Papers Inst. Phys. Chem. Res. 17, 297. For 
binuclear quinones of tho dinaphthyl series, see Russig, J. pr. [2], 64, 31; Fried-- 
lander, Ber. 42,1058. For free radicals with naphthyl residues, see Vol. IV. 

MOLECULAR ASYMMETRY OF OPTICALLY ACTIVE DI¬ 
NAPHTHYL DERIVATIVES. As in the case of o-substituted 
diphenyl- and triphenyl-derivatives (pp. 506, 508), 2,2'- or 8,8'- 
substituted dinaphthyl derivatives show optical activity although 
there is no asymmetric carbon atom. Thus, l,l'-dinaphthyl-2,2'- 
dicarboxyUc acid (I) (Kuhuy Ann. 465, 282) and l,l'-dmaphthyl- 
8,8'-dicarboxylic acid (II) (Kalb, Ber. 47, 1728) have been resolved, 
the former by means of quinine and the latter with brucine. The 
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cause of this spatial isomerism is the same as with the diphenyl 
derivatives (see p. 606). 



Dinaphthylmethanes and their derivatives are obtained by similar methods to 
those adopted for obtaining the corresponding compounds in the diphenylmethane 
series (p. 510). 1,1and 2,2"-Dinaphthylmethane, CH 2 (CjoH 7 ) 2 , m.p. 109® and 
92®, respectively. 1,2-Dinaphthylmethane, m.p. 96®, see Tahitshibahin, Ber. 
44, 449. 1,1',1'^-Trinaphthylmethane is unstable (Tshitahibabin J. pr. [2], 84, 
760). 2,2',2^-Trinaphthylmethane, m.p. 178-179®, is obtained by reduction of 
the carbinol with hydriodic acid in glacial acetic acid ( Tshtishihahin , J. pr. [2], 88, 
505, 512). Trichloroethylidene-1,1'-dinaphthyl, CCl 8 CH(CioH 7 ) 2 , m.p. 156®, 
gives on warming with zinc dust and alcohol, l,l'-naphthostilbene. C10H7CH:- 
CHC10H7, m.p. 161®. This compound is closely related to picene (p. 702) into 
which it passes on strongly heating. 2,2'-Naphthostilbene, m.p. 255® (Wisli- 
cenus, Ber. 38, 609). Alkylidenc-dinaphthylamines are very easily formed from 
naphthylamines and alcohols, and alkyudene-naphthols from naphthols and alde¬ 
hydes (Morgan^ J. 77, 814, etc,) . The products obtained from aldehydes and 2- 
naphthols readily split off water and pass into xanthenes. They must therefore 
contain the alkylidene groups in the o-position to the hydr^yls. 2,2 '-dinaphthol- 

methane, m.p. 194®, gives dinaphthoxanthene, CioHe<f ^CjoHe, on treat- 


ment with phosphorus oxychloride. Benzaldehyde and 2-naphthol give an acetal 
and ma-phenylnaphthoxanthene, C 8 H 6 CH(CioH«) 2 . {Abel, Ber. 25, 3477; Wolff, 
Ber. 26, 83). By the action of chloroform on soaio-2-naphthol at 150®, an an¬ 
hydride of trihydroxy-trinaphthylmethane. HOCioH6CH(UioIIe)80, m.p. 273®, is 
oDtained. This compound is also formed oy condensation of 2-naphthol with 2- 
naphthol-aldehyde (Fosse, C.r. 132, 787- Bull. [3], 25, 371). 

1,1'- and 2,2'-Dinaphmylcarbinol, ((JioH 7 ) 2 CHOH, m.p. 146-147®, are ob¬ 
tained from 1- and 2-naphthyl-magnesium bromide and ethyl formate. When 
oxidised they give l,l'-dinaphthylketone and 2,2'-dinaphthylketone, m.p. 98® 
and 164®, respectively. l,2'-Dinaphthylketone, m.p. 135® (Tshitshibabin, J. pr. 
[2], 88, ^5). The corresponding chlorides, (CioH 7 ) 2 CHCl, are readily obtained 
by the action of hydrochloric acid, and from these, by the action of magnesium and 
carbon dioxide, 1,1'- and 2,2 '-dinaphfeylacetic acid, (CioH 7 ) 2 CHCOOH, m.p. 
228® and 179®, have been obtained. When treated with zinc and hydrochloric 
acid the dinaphthylcarbinols readily lose water and pass into 1,1'- and 2,2'- 
dibenzofluorene (p. 684) (Schmidlin, Ber. 42, 2377. 2392 ; 43, 2824). 1,1',!'- 

Trinaphthylcarbinol, m.p. 160-180®, is obtained by tlie action of 1-naphthyl mag¬ 
nesium bromide on 1,1 '^inaphthylketone. It combines with ether and benzene 
forming molecular compound, and is oxidised in the air to 1-naphthyl-dibenzo- 
fluorenol: 


CioHi—CioH. 
CioHi—C—Oil 


(Tshitshibabin. J. pr. [2], 84, 7^9). 2,2',2''-Trinaphthylcarbinol, m.p. 204®, is 
not autoxidisaole, out readily loses water, giving 2-naphthyl-2-dibenzofluoren6 
(TshiUhibabin, J. pr. [2], 88, 510). 
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A large number of dyes of the naphthyldiphenyl-, dinaphthylphenyl-, an 
naphthyl-methane series have been prepared by the usual methods. They i 


1-, and tri- 

no^ractical interest (Nodiing, Ber.*37, 1899). 

Tetra-l-naphthylethane, m.p. 277®, is obtained in small yield from 1-dinaph- 
thylcarbinol by the action of zinc and glacial acetic acid. Tetranaphihylethylene. 
m.p. 322®, is formed when 1-dinaphthylcarbinol is treated with phosphoric acid 
(Tshitshibabin, J, Russ. Phys.-Chem. Soc. 46, 1389). 


By the introduction of a six-membered ring into the pen-position 
of naphthalene, pen-benzonaphtibialene, or benznaphthene, or 
phenaline^ is formed (I). 


The following of its derivatives are of importance. 7,9-Diketo-8,9-dihydro- 
pm-benznaphthene, or peri-naphthindandione (II), is obtained by the action of 
naphthalic anhydride on diethyl malonate and heating with zinc chloride to 170- 
175®. It forms yellowish-red crystals, melting at 265® with decoi^osition, and 
^pears to exist chiefly in the tautomeric form (III) ( Tshitahibahin, Ber. 44,1105; 
Errera^ Gazz. 41, II, 807). By reduction with hydriodic acid and phosphorus, 
and subsequent dehydrogenation, it forms dihydro-benzonaphthalene, or peri- 
naphthindano (IV), m.p. 68-69®: 



Pyrene-ketone, Ci2H«(C'0) (V), m.p. 141®, also belongs to this series of com¬ 
pounds. It is formed by distillation of pyrenic acid (p. 700), with slaked lime 
{Bambergerf Ber. 19, 1997; Ann. 240, 178): 




(c) Hydronaphthalene Compounds 

Just as cyclohexane derivatives are formed by the hydrogenation 
of the aromatic ring system in benzene, hydroaromatic compounds, 
known as hydronaphthalenes, are obtained by hydrogenation of 
naphthalene. The less marked aromatic character of naphthalene 
compared with benzene is evident in the fact that the addition of 
hydrogen (or halogen) takes place more easily in the case of naph¬ 
thalene than with benzene derivatives. According to the condi¬ 
tions, dihydro-, tetrahydro-, or finally decahydro-naphthalenes can 
be obtained. In the following paragraphs, dihydro- and tetrahydro- 
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naph^alenes, which still contain one benzene ring intact, will be 
described. For hexa-, octa-, and deca-hydronaphthalenes, see VoL 
II, p. 170- 

A . DERIVATIVES OF DIHYDRONAPHTHALENE. By reduction of naph¬ 
thalene withsodiiun and alcohol at the boiling pointy L4- or A*-dihydronaphtiia- 
lene, or 1,4-dia/tne (I), CioHio, m.p. 25°, b.p. 94.6° (17 mm.), is obtained. The 
fact that the two additional hydrogen atoms are in the 1.4-positi(>n is shown by 
oxidation to o-phenylene-diacetic arad. 1,4-Dialine is to be regarded as the par¬ 
ent hydrocarbon of 1,4-naphthaquinone. It is similar to the olefines, c.p., ethyl¬ 
ene, in the fact that it readily adds on two monovalent atoms or radicals. With 
bromine it gives a dibromide, m.p. 71.5-72°. and with HOCl it gives a glycol- 
chlorhydrin (see p. 643). Tetranydronaphtnylene oxide (II), which is readily 
obtained from the latter (p. 643), will isomerise into l,2-dihydro-2-naphthol, 
CioHioO (III), b.p. 162-168° (28 mm.), which on oxidation gives dihydro-iso- 
eoumarin-carboxylic acid, and on lass of hydrogen gives naphthalene (Bamberger, 
Ann. 288, 74). 


00 


Naphthalene 



(I) 



a*-Diliy(lio- Tetrahydro- 

naphthalene naphthylene oxide 



(III) 

l,2-Dihydro-2- 

naphthol 


yCHit\lh)‘CB 

l-Phenyl-A*-dihydronaphthalene, CelL^ 11 , m.p. 50°, is ob- 

-CII 

tained by boiling l-phenyl-2-bromo-tetrahydronaphthoic acid-3 (p. 645) with 
caustic soda, or better dietlwl-anilinc (Thiele, Ann. 306, 235). 

Naphthalene dichloride, (JioHsCh, obtained by the action of hydrochloric acid 
andj^potassium chlorate naphthalene, is a yellowish oil, which splits off hydro¬ 
gen chloride even at 40-50°, forming l-chloromiphthalene. 

1,2- or -Dihydronaphthalene, 1,2-dialine, rn.p. —7°, b.p. 78° (9 mm.), is 
obtained from the A*-isomerido, by isomerisation with sodium ethylate, or by 
treating 1,2-dibromo-tetraline, m.p. 71-72°, with magnesium (Slraas, Ber. 46, 
236; Ber. 46, 531; Ber. 54, 25; von Brawn, Ber. 54, 597). 

5,8- and 5,6- (or 7,87)-Dihydro-1-naphthylamine, m.p. 37.5°, b.p. 247° (40 
mm.) and b.p. 180-182° (30 mm.), respectively, are obtained b}" the reduction of 
1-naphthylamine with sodium, and can be separated by the benzylidene com¬ 
pounds (Rowe, J. 117,1574). In the same way, 5,8- and 5,6- (or 7,8?)-dihydro- 
1-naphthol, m.p. 71° and 75°, can be obtained from l-naphthol. The 5,8- and 
5,6- (or 7,8?) -compounds isomerise on heating to 125° in alkaline solution. They 
are also obtained from the corresponding amino-compounds by diazotisation and 
boiling. For derivatives, sw Rowe, J. 119, 2021. 

DIHYDRONAPHTHOIC ACIDS. When 1- and 2-naphthoic acids are re¬ 
duced with sodium amalgam, two H-atoms are taken up m the ring containing 
the carboxyl group, and in the cold labile, i3,Y-unsaturated^ and in the warm, 
stable a,-unsaturated dihydronaphthoic acids, CioH*'COOH, are formed. 
A^,l- is stable, m.p. 121°; A*,l- is labile, m.p. 86-87°; A*,2- is stable^ m.p. 162- 
163°, and A*,2- is labile, m.p. 101°. A^-Dinydro-2-naphthoic acid, is obtained 
from a-hydroxymethylene- 7 -f)henyl-butyric ester by the action of concentrated 
sulphuric acid (Auwers, J. pr. [2], 109, 124), 

By boiling with sodium hydroxide solution, the unstable forms are converted 
into the stable ones. The stable 1-acid gives hydrocinnamic acid when oxidised 
with permanganate, but the uuvstable acid gives oxalic and phthalic acids. The 
<libromide of the unstable 2-aeid readily gives a brominated lactone, vrhereas the 
stable form does not. From thtvse facts the following formulae for the stable l- 
and the unstable 2- acids have been deduced (Baeyer, Ann. 266, 169): 
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* CH, 



Stable dihydronaphthoio acid (1) 


cC^. 



Unatable dihydronaphthoic acid (A<« 2) 


Dihydro-2-naphthoic acids are oxidised by potassium ferricyanide to 2-naph- 
thoic acid. The stable 1-dihydronaphthoic acid, like other a,-unsaturated 
carboxylic acids, in the form of its ester adds on sodio-acetoacetic ester, and forms 
a A-ketonic acicl ester. This splits off alcohol and condenses further to a hydro¬ 
genated derivative of phenanthrene (p. 669) (Rahe.J^CT, 31, 1896). 

l-Phenyl-dihydro-'2-naphthoic acid^ CioH8(C«H6)COOH, m.p. 191®, is obtained 
by the condensation of dibenzal-propionic acid (p. 584) with a mixture of glacial 
acetic and sulphuric acids {Thiele. Ann. 306, 156). 

B. TETRAHYDRONAPHTHALENE derivatives. Tetrahydronaph- 
thalene, or teiraline, CioHia, m.p. —30®, to — 27®, b.p. 206-208®, is obtained by 
the reduction of naphthalene with sodium and amyl alcohol, hydriodic acid and 
phosphorus, or hydrogen and finely divided nickel at 190®. If the naphthalene is 
poisoned by treatment with an aUcali metal, it can also be hydrogenated with a 
platinum catalyst and hydrogen {Schroeter, Ann. 426, 1). According to the oxy¬ 
gen-content of the catalyst used, the hydrogenation proceeds to the tetrahydro- 
or direct to the decahydronaphthalene (see Vol. II, p. 171) {Willstdtter, Ber. 56, 
1388). Tetraline is also formed from ar-tetrahydronaphthylamine by elimination 
of the NHj group. 

Naphthalene tetrachloride, CioHgCU, m.p. 182®, is obtained by passing a cur¬ 
rent of chlorine into a chloroform solution of naphthalene; when boiled with 
alcoholic potash it gives dichloronaphthalene (p. 614). For the oxidation of 
naphthalene tetrachloride, see Helbig^ Ber. 28, 505. For chlorine addition prod¬ 
ucts of chlorinated and sulphonated naphthalenes, see Armstrong, Proc. 1890, 85. 
Naphthalene tetrabromide, m.p. Ill® {Omdorff, Am. Chera. J. 19, 262). 

Nitration of tetraline at 0® leads to the formation of a mixture of equal parts of 
ar-l-nitrotetraline, m.p. 34®, and ar-2-nitrotetraline, m.p. 31.5®. Under more 
energetic conditions, ar-1,2- and -1,3-dinitrotetraline, m.p. 103® and 95®, and 
finally ar-l,2,4-trinitrotetraline, m.p. 95®. are obtained. 

When ar-l-nitrotetraline is r^uced witn zinc and alkali, ar-1,1 '-azoxy-, -azo-, 
and -hYdrazo-tetraline, are obtained in straw-yellow, red, and colourless needles, 
respectively, and melting at 184®, 191®, and 183®, respectively. Hydrazo- 
tetraline undergoes the benzidine transformation and gives tetralidine, ar-4,4'- 
diamino-1,1 '-ditetralyl, m.p. 153-154®. After tetra-diazotisation it couples with 
the usual dye components giving substantive cotton dyes {Schroeter, Ann. 426 , 
19). 

The tetrahydro-derivatives of the naphthylamines and naphthols are of special 
importance. They are obtained by treatment with sodium and amyl alcohol at 
the boiling point, or by catal 3 rtic reduction. Four H-atoms are taken up in one 
nucleus, ^me of the tetrahydro-naphthylamines can be obtained by tne cata¬ 
lytic reduction of nitrotetralines. ar-l-Nitrotetraline can be reduced by sodium 
sulphide ( Vesely, Eec. 44 , 352). If the hydrogenated nucleus is the one bearing 
the NHa or OH group, the derivative concerned loses the character of a naphthyl- 
amine or a naphthol, and behaves as if these groups were substituted in the side- 
chain. If the non-substituted nucleus is hydrogenated, the substances retain the 
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characteristics of homologous anilines or phenols. The latter are therefore called 
aromatic (ar-) and the former aliphatic-cyclic or alicyclic (oc-) compounds: 

H, H, Hj 

aAh, (AAh. 


VV“* HOVV 

H(NH,) Hi HJST H(NH,) 

oc-Tetrohydrp-l- ar-Tetrahydro- 2 - ar, a«-Tetrahydro-l, 8 - 

naphthylamine naphthol naphthyleno'^iamine 

1 -Naphthylamine and 1-naphthol give ar-tetrahydro-l-naphthylamine and - 1 - 
naphthol on reduction, but the 2 -compounds give tne ac-tetrahydro derivatives in 
addition to the ar-, the former predominating. 1 , 8 -Naphthylene-diamine gives 
oc-j ar-tetrahydronaphthylene-diamine, which gives ac-tetrahydro-l-naphthyl- 
amine on replacement of the NH 2 by H. 

ar-Tetrahydro-naphthylamines, NH 2 -CeH*: (CJIg), 1 -b.p. 275®. 2 -b.p. 276®, 
are weak bases, which form diazo- and azo-compounds. They readily reduce the 
salts of the noble metals. When oxidised by permanganate they give oxalic and 
adipic acids. When oxidised with chromic acid, the 1 -compound gives ar- 
tetrahydro-l,4-naphthaquinone, C 6 H 202 :(C 4 H 8 ), m.p. 55®, which strongly re¬ 
sembles benzoquinone, and possesses stronger oxidising powers than 1 , 4 -naphtha- 
quinone. oc-Tetrahydronaphthylamines, C 6 H 4 : (C 4 H 7 NH 2 ), 1 - b.p. 246®, 2 - 
b.p. 249®, are strong bases, which absorb carbon dioxide from the air. Oxidation 
with permanganate opens only the hydrogenated ring, forming hydrocinnamic-o- 
carboxylic acid. From 2, ac-tetrahydronaphthylamine an optically active dextro¬ 
rotatory modification has been obtained by means of d-bromocamphor sulphonic 
acid {Pope, Proc. 15, 170; 16, 74). It increases blood pressure and raises the 
body temperature (mn Braun, Ber. 55,3664). ac-, ar-Tetrahydro-l,5-iiaphthyi- 
ene diamine, H 2 N*C 6 H 8 : (C 4 H 7 -NH 2 ), m.p. 77®, b.p. 264®, combines the proper¬ 
ties of an aromatic and an alicyclic amine. It has been resolved into a dextro- and 
laevo-rotatory form. 

Tetrahydronaphthols, or tetralols, are obtained by the reduction of naphthols 
and by fusion of the corresponding sulphonic acids with alkali, or by the action of 
nitrous acid on the tetrahydronapathylamines {Schroeter, Ann. 426, 90; Brocket, 
C.r. 172, 1499). ac-Tetrahydro-l-naphthol CeHi: (C4H7OH), b.p. 139-140®, 
and ac-tctrahydro-2-naphthol, b.p. 144-146® (20 mm.), behave like aliphatic 
alcohols, and resemble the similarly constituted terpcne-alcohols, menthol and 
borneol (Vol. II, pp. 216, 217). ar-Tetrahydro-l-naphthol, HO-CeHs: (C 4 H 8 ), 
m.p. 69®, b.p. 265and ar-tetrahydro-2-naphthol, m.p. 57.5®, behave like ho¬ 
mologous naphthols. For derivatives of the tetralols, see Sckroeter, Ann. 426,90, 
and Thmrte, Ar. Pharm. 265, 336. 

Siilphoiiation of tetraline leads to ar-tetraline-2-8ulphonic acid, m.p. 75®. By 
the action of chlorosulphonic acid on tetraline, ar- 2 - and - 1 -tetraline-sulphonyl 
chlorides are obtained, and the free sulphonic acids can be obtained from them by 
hydrolysis. ar-Tetraline-l-sulphonic acid^ m.p. 110® {Sckroeter, Ann. 426, 83). 

A series of tetrahydro-naphthalene denvatives have been obtained from di- 
hydronaphthalene. Phenol adds on to dihydronaphthol forming tetrahydro- 
naphthylphenol, C 6 H 4 : (C 4 H 7 - 06114011 ), m.p. 130® {Koenigs, Ber. 24, 179), and 
bromine adds on to give dihydronaphthalene dibromide, C 6 H 4 :(C 4 H 6 Br 2 ). When 
boiled with potassium carbonate, or by the action of silver acetate followed by hy- 

< CH 2 —CH • OS 

I , 

CIl2“’“0B[ • 0]Q 

irans-form m.p. 135®, cw-form m.p. 120® {Bdeseken, Rec. 40, 519). This com- 

___ * _ • _ 1 _ 1 ___ 


shows all the properties of ethylene oxide. A series of ^'alkines*' have been pre¬ 
pared by the action of bases on the chlorhydrin. Of hy^mgtetrahydro- 

naphihylene-trimethyl-ammonium hydroxide, C6H4^ I , 
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should be mentioned, because of its connection with choline (cf. Vol. 1, p. 379). 

ac-Tetraii7dronaphthalene-(l,2)-dioi, cw-form m.p. 102®, trans-form rn.p. 112- 
113®, is obtained by the oxidation of A*-dihydro-naphthalene (p. 641) with mer¬ 
curic acetate (Bdeseken, Rec. 40, 519). For derivatives, see Straus, Ber. 54, 40. 

o(-Tetralone, l-keto-tetrahydro-naphthalene (J) is formed by passing oxygen 
into tetraline in the presence of a mixture of lead, cobalt, and manganese oleates 
at 65® (Ger. Pat. 568,338), or by the action of alkali on the peroxide (II), 



m.p. 56®, which is formed from tetraline on treatment with air or oxygen, and on 
reduction with zinc dust is converted into ac-a-tetralol {Hartmann, Helv. 15, 
1390; Bergmann, Ber. 66,51). a-Tetralone can also be prepared bjr intramolecu¬ 
lar condensation of y-phenyl-butyryl chloride (p. 205) with aluminium chloride 
{Kipping, J. 75, 144; Mayer, Ber. 56, 1424). 

^-Tetralone, 2-keto-tetrahydroiuiphthalene (III), ni.p. 18®, b.p. 138® (16 
mm.), can be obtained by the action of weak alkalis on the chlorohydrin of tetra- 
hydronaphthalene-2,3-diol, or by distillation of o-phenylene-propiono-acetic 
acid (p. 395) (Einhom, Ann. 286. 257). It reacts like a ketone towards sodium 
bisulpnite, phenylhydrazine, and hydroxylamine {Bamberger, Ber. 27, 1547), 
but, on the other hand, also shows the properties of an end, so that it can also be 
regarded as the tautomeric ac-(3,4)-diliydro-2-naphthol (IV) {Straus^ Ber. 54,40; 
von Braun^ Ber. 55, 3661). 

ac- 2 -H 7 drozy-a-tetralone, m.p. 36®, obtained from bromototralone through 
tl^ acetate, is unstable, and passes into 2-naphthol under the influence of acids. 
In alkaline solution it undergoes autoxidation, which gives 2-hydroxy-l,4-naph- 
thaquinoue, with intermediate formation of dimers {Straus, Ann. 444, 165). 

DIKETOTETRABnTDRONAPHTHALENES have been obtained in the form 
of their chloro-derivatives by the action of chlorine on the corresponding di- 
hydroxynaphthalenes or naphthaquinones (p. 631) {Zincke, Ann. 300, 180; 334, 
342): 


CO-CO /CO—CC1> /CO-CCh /CCh—CO 

cja< I CeH 4 < I C.H 4 < I C.H 4 < T 

\cClr-CCl, ^CO—CCI 2 \CCI 2 —(JO \CCl 2 -~CO 

.CO—CIIv 

Diketotetrahydronapbthylene oxide, CeH^ I yO, m.p, 136®, is ob- 

'^CO—CH' 

tained by the action of bleaching powder on 1,4-naphthaquinone (p. 631 and 
Zincke, Ann. 286, 71). 

ar-Tetrahydronaphthalene-l-aldehyde, b.p. 135® (18 mm.}, and -2-aldehyde, 
b.p. 150-155® (14 mm.}, have been obtained by the oxidation of the corresponding 
methyl-tetralines with chromyl chloride {Fleischers Ber. 55, 3290). ar-Tetra- 
hydronaphthyl-2-methyl ketone, CHfCO*C 6 H*:(C 4 H 8 ), b.p. 182®, is obtained 
from tetraline, acetyl chloride, and aluminium chloride {von Braun, Ber. 55, 
1687). 

Tetrahydrmaphihoic funds can also be distinguished as aromatic and alicyclic. 
ar;Tetrahydro-l-naphthoic acid, HOOC’C^H*: (C 4 H 8 ), amide, m.p. 182®, is ob¬ 
tained from the nitrile, which is obtained by the action of potassium cyanide and 
cuprous cyanide on tetrahydro- 1 -naphthalene diazonium chloride. ar-Tetra- 
hydro-2-naphthoic acid, m.p. 152-153®, has been obtained by reduction of 2- 
naphthoic acid with hydrogen in the presence of nickel oxide, under pressure 
{Ipatiev. Ber. 42, 2101 ). It can also be obtained by the action of oxalyl chloride 
on tetraline {von Braun, Ber. 53, 1161). 

oc-Tetrahydronaphthoic acids, 1- m.p. 85®, 2- m.p. 96®, are obtained by the 
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reduction of naphthoic and dihydronaphthoic acids with sodium amalgam. The^ 
are more stable towards permanganate than the dihydro-acids, behaving as satu¬ 
rated acids, By longer action of oxidising agents they are converted into phthalic 
and oxalic acids (ifaeyer, Ann. 266, 202). For the resolution of the tetrahydro- 
naphthoic acids into their optically active components, see Pickard, Proc. 22, 
2021; J. 89, 1101. oc-Phenyltetraliydro-2.naphthoicacld, [C 4 H 6 (C«H 5 )COOH]. 
m.p. 177®, is obtained by the reduction of phenylbromo-tetrahydronaphthoic acid, 
in.p. 205°, which is obtained synthetically by the action of bromine at 0° on a 
chloroform solution of benzyl-phenyl-isocrotonic acid (p. 585) {Thiele, Ann. 306, 

ac-Tetrahydronaphthalene-2,2-dicarboxylic acid, CaH 4 [C 4 H 6 (COOH) 2 ], melts 
at 199°, with formation of the anhydride, m.p. 184°. The latter is obtained by 
heating the potassium salt of tetrahydronaphthalene-tetracarboxylic acid, of 
which the ester can be obtaimnl synthetically by the action of sodio-malonic ester 
on o-xylylene dibromide (p. 606) (Baeyer, Ber. 17,448). Tetrahydro-l, 5>naph- 
thalene dicarboxylic acid, m.p. 238° (Moro, Gazz. 26,1, 89). 


3. ANTHRACENE GROUP 


Anthracene (from the Greek avOpa^, coal), which, together, with 
its isomer, phenanthrene, occurs in the highest boiling fraction of 
coal-tar, is the parent substance of a large group of substances^ to 
which belong the important dyes of the madder root, alizarin, pur- 
purin, etc.y and a series of other vegetable products. 

Synthetic methods of formation of anthracene derivatives, — 1. From 
benzene, acetylene tetrabromide and aluminium chloride, anthracene 
itself is obtained (Anschutz, Ber. 16, 623). 2, Anthracene is also 
obtained from chloroform, benzene, and aluminium chloride (Kolliker, 
Ann. 228,255) and from methylene bromide, benzene, and aluminium 
chloride, hydrogen being split off from the dihydroanthracerie first 
formed. 5. Anthracene is obtained from benzene and ethylene by 
passing the vapours through a tube heated to 800-1000° (Zanetti, 
Ind. Eng. Chem. 13, 208). 4, Dihydroanthracene, and therefore 
anthracene, is formed from 2 mols. of benzyl chloride with aluminium 
chloride, toluene being a by-product (Perkin, Jr,, J. 37, 726), or from 
benzyl chloride and water at 200° (Ldmpricht, Ann. 139, 308), di¬ 
benzyl (p. 558) being a by-product. 

Authracene is also formed by the a<.'tioii of aluminium chloride on diphenyl- 
methane. It is probable that decomposition of diphenylmethanc into benzyl 
chloride and benzene first occurs. In a similar way a^-diphenylethane (p. 552) 
gives ms-dimethyls nth racene (Tassinari, Ber. 27, 3238). 


5. o-Bromotoluene readily splits off HBr and gives anthracene 
when superheated (Meyer, Mo. 38, 141). Dihydroanthracene is 
obtained from 2 mols. o-bromobenzyl bromide by the action of sodium 
(Loring-Jackson^, Ber. 12,1965) (see p. 668): 


BrCHBr 

1, C.H4+ 1 +C.He 

BrCHBr 


-4HBr 

-► C.H4<^ )>CeH4. 


2 , 


BrCHjBr 

C.He 4- + CdH, 

BrCHjBr 


~4HBr 
-^ 


/CH2V 

CeH4<' >CiH4 


-2H 
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3. C,H, + CH,:CH, + Cja, 


—8H 

-► C«H4<(^^CaH4. 


4. 



/CHj-Br 

6. C4H4< + 

\Br 


BiCH: 


-4NaBr 

^C4H4 + 4Na-► 



-2H 



6a. Anthraquinone is formed from phthalyl chloride and benzene, 
by the action of zinc dust. 6b. Similarly, when phthalic anhydride 
is heated with 1 mol. of a mono- or polyhydric phenol and sulphuric 
acid at 150°, hydroxyanthraquinones are formed, and if an excess of 
phenol is present, phthaleins are obtained (c/. p. 545). 7. When o- 
benzoylbenzoic acid is heated with phosphorus pentoxide or cone, 
sulphuric acid, anthraquinone is formed. Substituted benzoyl- 
benzoic acids give substituted anthraquinones. In a similar way 
benzylbenzoic acid gives anthrone (p. 651). 8. Di- and tetrahy- 
droxyanthraquinones are formed when m-hydroxy- and m,?n'-di- 
hydroxybenzoic acids are heated with sulphuric acid: 


/COCl 

da. C4H4<^ H- CeHf 
\nnni 


eh. C4H4< 


'^COCl 

o 


-21IC1 


+ C,H4(0H), 


-HiO 




7. C.H4<(* 


COCOI, 


8 . 


COOH 

COOH C,H40H 

HO d^4 ^ HOO</ 




- 2 n»o 


> HO 


0*0“ 




This series of methods of preparation, and others, such as the formation of 
anthraquinone from o-tolyl-phenyl-ketono and lead oxide, anthracene and 
methyl anthracene from o-tolyl-phenyl-ketone and oniitolyl-ketone and zinc dust 
(Elhs, J. pr. [2]^ 41, 1. 121), confiim the symmetry of anthracene derivatives, 
which is also indicated by the following facts: 

Brominated o-benzoyl*benzoic acid from phthalic acid (p. 523} giv^ bromo- 
anthraquinone; the hydros^anthraquinone obtained from this can be oxidised to 
phthalic acid. Phthalic acid is thus used in making the molecule, and is also ob¬ 
tained by its decomposition, this being connected in the first case with one half of 
the molecule, and in the second with the other (c/. constitution of naphthalene, 
p. 610) (Pechmann, Ber. 12, 2124): 




UlCO-CVH, 

I21COOH 


HOC.H,<^ 


IIJCOIU 

[21CO[21 



HOOCKl^ * 



ANTHRACENE 


647 


Anthraquinone, and anthracene, which is genetically connected with it, must 
therefore have formulae corresponding to I and II: 


(I) 



Antbraoene 


(II) (III) 

CO 9 



Anthraquinone 


On the basis of the above methods of formation, a third formula for anthracene, 
with a bridge between the 9 and 10 carbon atoms (III) was formerly put forward. 
Against this, the oldest formula of Graebe and lAehermann^ there are a series of 
important facts: f. It is possible to synthesise anthracene from a naphthalene 
derivative. Colver and Noyes condensed the ester of A*-dihydronaphthoic acid 
with acetoacetic ester. After hydrolysis of the product, 2,4-diketo-octahydro- 
anthracene was obtained, carbon dioxide being split off, and this gave anthracene 
on distillation with zinc dust (Am. 43, 898). 2. Anthracene reacts with maleic 
anhydride as a typical diene, and takes up one molecule in the middle ring to give 
a condensation product (Diels, Ann. 486, 191). 5. Sodium readily adds on to 
anthracene. This fact is best explained by the Armstrong-Hinsoerg formula 
(la), since this contains conjugated double bonds in the middle ring. A. The 
spectrochcmical behaviour of anthracene agrees with an “ortho-quinoid” con¬ 
figuration (ffinsber^/, Ann. 319, 284; 486,191; Schlenk, Ber, 47, 479; Auwers, 
Ber. 53, 941). J. A model, built up from the known radii of the atoms, shows 
that the 9 and 10 carbon atoms are separated by far too great a distance to be 
bridged by the usual C—C link (Meyer, Z. angew. Ch. 41, 937). 

The positions l,4,5,8(a-) and 2,3,6,70-) iu anthracene are equivalent. Re¬ 
placement of the two middle hydrogen atoms gives rise to 9- and 10-, 7 -, or meso- 
derivatives. In contrast to this, substituents in the two other benzene nuclei are 
called benz-. In most reactions of anthracene it is the middle carbon atoms that 
are first attacked. This reactivity has been e^^lained by Clar by supposing that 
a more or less large number of molecules of a di-radical (IV) are present in equi¬ 
librium with (I) (Ber. 64, 2194): 

H 


(IV) 



Anthracene, CuHio, m.p. 218°, b.p. 340°, is isomeric with phen- 
anthrene (p. 668), and is obtain^ by the methods outlined on pp. 
645,646 (see also DeUcre, C.r. 120,155). It is found in large quanti¬ 
ties in co^-tar. 

Commercial crude anthracene, which boils at 340-360”, can be purified by 
treatment with liquid sulphur dioxide, which dissolves out most of the impurities 
(Ger. Pat. 68,474). For other methods of purification, see Schidze, Ber. 18,3034; 
Ger. Pat. 42,063; Zeidler, Ann, 191,288; Ger. Pat. 122,852). Chemically pure 
anthracene is obtained by heating anthraquinone with zmc dust. 

Anthracene crystallises in colourless, monoclinic tablets with a 
beautiful blue fluorescence. It is difficultly soluble in alcohol and 
ether, but dissolves readily in hot benzene. It forms the molecular 
compound CjiHu -CeHaCNOOsOH, with picric acid, red needles, m.p. 
138°. 
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If a saturated solution of anthrat^ene in benzene, or better in xylene 
berger^ Am. Ch. J. 14, 597) is exposed to sunlight, a dimolecular modification, 
known as paranthracene, (Ci 4 Hio) 2 , separates. It melts at 270-280®, with forma¬ 
tion of ordinary anthracene. It is difl&cultly soluble in benzene, and is not at¬ 
tacked by bromine or nitric acid (.Luther^ Z. physikal. Chem. S3,385). By means 
of X-ray photographs it has been shown that the linkage between the two anthra¬ 
cene nuclei takes place in the meso-position. The formation of paranthracene 
can be explained as a polymerisation of the di-radical (IV) (Hengstenberg^ An. 
soc. espan. fisica quim. 30, 5). Anthracene forms an addition product with 
maleic anhydride (V), m.p. 262-263®. which breaks down to a cis-dicarboxylic 
acid, m.p. 251-253®, with alkali. On neating, the addition product breaks down 
again into its components. Similar compounds have been obtained with crotonic 
and citraconic anhydrides (Diels, Ann. 486, 191). With quinone, addition prod¬ 
ucts of the following type are formed (Clar, Ber. 64, 1676): 


H 



(V) 


o 

H HCO H HCH H 



alkyl-anthracenes can exist in two isomers (a- and /?-). 

1- (a-)Methylanthracene. C 6 H 4 (CH*)CiH 8 ll]CHjj m.p. 86® Jiasbeen obtained 
by distilling 1,4-chloromethylanthraquinone with zme aust (Fischer, J. pr. [2], 
83 201). 

2- 0-)*Methylanthracene, C6H4(CH2)CeH|[2]CHi, m.p. 207®, is very similar to 
anthracene itself, and is found in the crude antmacene from coal-tar. It is 
formed by pyrolysis of ditolylmethane and ditolylethane (Fischer, J. pr. [2], 79, 
555), and by boiling benzoyl-xylene, C«H 4 CO*C«Hj(CH*)i, by reduction of 2- 
methylanthraquinone with zinc dust (Limpricht, Ann. 311, 181), and from the 
vegetable substances chrysophanic acid, emodin, and dermocybene, which are 
hydroxylated methylanthraquinones (p. 665). When oxidised with nitric acid, 
methylanthracene gives methylanthraquinone, and with chromic acid mixture 
there is simultaneous oxidation of the methyl group giving anthraquinone car¬ 
boxylic acid (p. 666). It polymerises in sunlight to dimethyl-diant^acene. m.p. 
229®, in the same way as anthracene itself (Omdorff, Am. Chem. J. 22, 152). 

1.6- and 2,6-Dimethylanthracene, Ci 4 H 8 (CH 8 ) 2 , m.p. 240® and 244®, are pro¬ 
duced together from toluene and methylene chloride or acetylene tetrabromide in 
the presence of aluminium chloride, by the second method of formation given 
above. The 2,6-compound is also obtained by boiling m-xylyltolyl ketone (JLa- 
vaux, Ann. chim. phys. [8], 20, 433; 21, 131; Seer, Mo. 32, 143). A dimethyl- 
anthracene is obtained from the high boiling aniline oils of coal-tar. 

2.7- Dimethylaiithracene. m.p. 243.5®, is obtained, together with a little 1,6- 
dimethylanthracene from the condensation of toluene and acetylene by means of 
aluminium chloride (Cook, Am. 43, 334). It can also be obtained by removal of 
water from 2,4,4'-trimethylbenzophenone. In a similar way 2,6-dimethyl- 
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anthracene {Morgan^ J. 1929, 2203), l,3-dimeth3riantliracene {von Braun, Ber* 
59, 914), and 2,3,6-trimeihyianthracene {Morgan J. 1929, 2551) are obtained 
from 2,5,4'-trimethylbenzophenone. For 1- ana 2-phenylantliracene8, m.p. 
110-112® and m.p. ^7®, raspectively, see Cook, J. 1930, 1087. 

2.3.6.7- Tetrameihylanthracene, m.p. 301®, is found in the tar from bituminous 
coal submitted to low temperature carbonisation, and has also been synthesised 
{Morgan, J. 1931, 2323). 

(6) Afeso- or y^kvlanihra^imes are obtained from the alkylated hydranthranols, 

xCR(OH)v 

C 6 H 4 ^ yCiH 4 (p. 655), by removal of water by boiling with alcohol, 

^CHj- ^ 

hydrochloric acid, or picric acid {Liehermann, Ann. 212 , lOOh and by the action 
of alkyl magnesium salts on anthrone (p. 651) {Krollpfeiffer, Ber. 56,1617). On 
oxidation they give alkyl-oxanthrones (p. 653). 7 - or 9-Methylanthracene, 
m.p. 79-80®; 9-ethyl-, isobuW-, amyl-anthracenes melt at 60®, 57®, 61®. 

7 - or 9 -Phenylanthracene, Ci 4 HgC«H 6 , m.p. 152®, is obtained by reduction of 
phenylanthrone (p. 653). 7 , 7 - or 9,10-Diphenyl^thracene, C«H 4 (C'CeH 6 ) 2 - 
CeH 4 , m.p. 240®, is obtained by the reduction of diphenyldihydroxydihydro- 
anthracene with zinc dust and glacial acetic acid {Heller, C.r. 138, 1251; Guyot, 
Bull. [3], 33, 1104). 

7 . 7 - or 9,10-Dimethylanthracene, CeH 4 (C-CHj) 2 CeH 4 , m.p. 179®, is obtained 
from its dihydro-compound, the condensation product of ethylidene chloride and 
benzene with aluminium chloride (p. 655) {cf, Anschutz, Ann. 235, 305). 9,10- 
Dibenzvl-anthracene, C 6 H 4 (C*CH 2 C«H 6 ) 2 C 8 H 4 , m.p. 240®, is obtained by pro¬ 
longed boiling of anthracene with benzyl chloride and a little zinc dust in carbon 
disulphide solution {Lippmann, Mo. 23,672 ; 25,793). For the di-radical nature 
of 9, 10 -diphenyl-anthracene, see Vol. IV. 

The 9 , 10 -dialkyl-anthracenes are solids, while their dihydro-compounds are 
liquids. The former readily add on sodium, and then react with alkyl halides 
givin,g tetra-alkyl compounds {Hugel, Bull. [4], 53, 1498). 

SUBSTITUTED ANTHRACENES. When halogens act on anthracene, addi¬ 
tion products are first formed, in which the halogen is loosely bound. When 
these are heated, or treated with alkalis, substitution products result. By the 
action of chlorine on anthracene in benzene, dichloroanthracene tetrachloride, 
m.p. 205-207® is formed; it can easily be reduced to 9,10-dichloroanthracene, 
m.p. 209-210®. Anthraquinone chloride, m.p. 170®, is formed as a by-product. 
By heating, or treatment with alcoholic potaslv, dichloroanthracene tetrachloride 
gives two isomeric tetrachloro-anthracenes. The action of bromine on anthra¬ 
cene gives similar compounds. Two dibromoanthracene tetrabromides are 
known, a- m.p. 134-135®, and /3- m.p. 180-182®. The /3-form is obtained by the 
action of bromine vapour on anthracene. The a-form is obtained by the action 
of bromine on anthracene in chloroform. The a-compound when dissolved in 
benzene, rapidly gives up 4 bromine atoms on exposure to sunlight, and goes into 

9 . 10 - dibromoanthracene. The / 8 -compound remains unchangea under these 
conditions {Meyer, A. 396, 166). For other chloro-, bromo-, and chloro-bromo- 
anthracenes, see Liehermann, Ber. 47, 1011; Barnett, et al., J. 125, 1084; Rec. 
43, 530 ; 44, 894; 45, 68 , 558. 

Nitric acid readily gives anthraquinone and nitrated anthraquinones wuth an¬ 
thracene. If, however, nitration is carried out in acetic acid solution with a mix¬ 
ture of nitric acid and acetit? anhydride at 15-20®, 9-nitroanthracene, Ci 4 H«N 02 . 
yellow needles, m.p. 145-140®, which can be distilled under reduced pressure, ana 

9. 10 - dinitroantoacene, Ci 4 H 8 CN 02 ) 2 , m.p. 294®, are formed. When an alcoholic 
solution of 9-nitroanthracene is exposed to sunlight, it breaks down into anthra¬ 
quinone and nitrous acid, acetaldehyde being also formed {Battegay, Bull. [4], 31, 
915). The nitro-compounds are more easily obtained by indirect methods. If 
anthracene is digested in acetic acid with 1 mol. of nitric acid at 30-35®, the ace- 

CHiCOO^ /CeH4v /NO* 

tate of nitrohydranthranol, formed. With 

HCl this gives the corresponding chloride, with nitrogen trioxide, the nitrite, and 
with alcohol, the ether, which can also be obtained directly by nitrating the alco¬ 
hol with nitric acid. When the cliloride is treated with caustic soda it gives 9- 
nitroanthracene. If this is treated with nitrogen dioxide in chloroform, 9,9,10- 
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trinitro-9, lO-dihydro-anthracene, 



CH(NOs), is formed, which 


gives 9,10-diiiitroanthracene with caustic soda. In a similar way, 9-ethyl-lO- 
nitroanthracene, CuHsCCsHs) (NOs) , m.p. 135^, is obtained from ethyl-anthra¬ 
cene. When 9-nitroanthracene is heatea with alcoholic potash, anthraquinone- 
oxime is formed, via an intermediate product, which is produced by the addition 
of potassium ethylate: 





(c/. 9-nitrophenanthrene, p. 672). If anthracene is acted upon by nitric acid in 
isobutyl alcohol, nitro-antnrone, CO(C«H 4 )sCH>NOs, is formed (c/. anthrone, p. 
651) (M&isenkeimer, Ann. 330, 133; Hantzachf Ber. 42, 1216). 

9- or Meso-aminoanthracene, or antkramine. m.p, 143-160®, is obtained by re¬ 
ducing 9-nitro-anthracene with stannous chloride and hydrochloric acid. 9- 
Anthramine, like l-(a-)anthramme, m.p. 119®, and 2-(j3-)anthramine, m.p. 
237®, is also obtained from the corresponding hydroxy-anthracenes by heating 
with ammonia (Dienel, Ber. 38, 2862). 9-Aminoanthracene combines with 
phenyl diazonium chloride to give benzene-azo-meso-anthramine, CeHsNiN*- 
CmHs'NHj, m.p. 183®, which is decomj^sed by acids into anthraquinone, 
phenylhydrazine, and ammonia (Kaufler, Ber. 40, 618), and is reduced to the 
readily oxidisable 1,4-anthradiamine (Pisorscki, Ber. 41, 1434). Dinitroanthra- 
cene cannot be reduced to diamino-anthracene. Meso-phenylanthramine, m.p. 
203®, see Padova^ C.r. 149, 217. 

Anthracene suljphonic acids are formed by the action of sulphuric acid on anthra¬ 
cene, and by the reduction of anthraquinone sulphonic acids (p. 660). In acid 
medium, equivalent quantities of 1- and 2-sulphonic acid are formed, and are best 
separated by means of their barium salts. 1-Anthracene sulphonic acid, see 
Schmidtf Ber. 37, 70. By careful treatment of anthracene with dilute sulphuric 
acid, 2-anthracene monosulphonic acid, Ci 4 H«*SO$H, is formed. Its chloride 
melts at 122® (Heffter, Ber. 28, 2268). By the action of cone, sulphuric acid, 
1,6- and 1.8-anthracene disulphonic acids are formed (chlorides m.p. 249®, 226®, 
respectively). 9-Anthracene sulphonic acid is obtained by the action of sodium 
sulphite on 9-nitroanthracene. The sulphonic acid group is readily split off by 
boiling with acids, and anthracene is reformed (Minajew, J. Russ. Fhys.-Chem. 
Soc. 61, 143). 

Hydroxyanthracenes: 1, C«H 4 ^^^C«H|OH; S. C#H 4 <^^^^C 6 H 4 . (1) 


1- and 2-Monohydroxyanthracene8, a- and /9-anthrols, resemble the phenols of 
naphthols. 1-Anthrol is obtained by fusing 1-anthracene monosulphonic acid 
with potash, and forms yellowish leaflets, m.p. 162® {Schmidt^ Ber. 37, 71). 
Anthrol decomposes at 200®, and is obtained from 2-anthracene sulphonic acid 
and from 2-hydroxy-anthraquinone. 1-Anthrol reacts with nitrous acid forming 


and from 2-hydroxy-anthraquinone. 1-Anthrol reacts with nitrous acid forming 
2-and 4-nitro80-l-anthrol, C 6 H 4 (CH) 2 C 6 H 2 (OH)(NO), while 2-anthrol gives the 
isomeric l-nitro 80 - 2 -anthrol. Wben reduced, these nitroso-anthrols ^ve 2- and 
4-amino-l-anthrol, and l-amino-2-anthrol. When oxidised with ferric chloride 

XH—C—CO—CO 

the nitroso-anthrols give l,2-anthraquinone,Cen4C 11 J , m.p. 

^CH—0—CH»»CH 
^CH—C—CO—CH 

180® (decomp.), and 1,4-anthraquinone, CeH 4 ^^^ m.p: 208® 


^CH—C—CO—Cl 

180® (decomp.), and 1,4-anthraquinone, CeH 4 ^^^ 


(decomp.), isomeric with ordinary anthraquinone. In their properties and reac¬ 
tions, these resemble in all respects 1,2- and 1,4-naphthaquinone (Dienelf Ber. 39, 
926; PisorscAi, Ber. 4^1434: Lagodzinaki, Ana. $4A. 7S). 1,2-Anihrahydro- 
quinone, CfH 4 (CH) 2 CeH 2 (OH) 2 , m.p. 131® (decomp.), is formed when 1,2- 
anthraquinone is reduc^ with zinc dust and glacial acetic acid (Lagodzinaki, Ann. 
342, 69). The anthrols can be oxidised to hydroxyanthraquinones by means of 
chromic acid if the OH group is first acetylated (q/*. oxidation of phenols, p. 188). 
1,2-Anthrahydroquinone gives alizarin (p. 662) when treated in this manner. 
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Benz-dlhydiozyaiithracenes: 1,8* and 1,5-dUiydrozyanthracene, 


HO • ja,OH, 


chrysazol and rufol, m.p. 226® and 265®, are obtained from 1,8- and 1,5-anthra- 
cene disulphonic acids (Lampe, Ber. 42, 1413), and give the corresponding di- 
hydroxyanthraquinones, chrysazin and anthrarufin (p. 664) on oxidation and 
hydrolysis of their acetyl derivatives. 2,3-Dihydroxyanthracene, decomposing 
at 180®, is obtained by reduction of dimethoxyhvstazarin with zinc dust and 
ammonia, and hydrolysis with hydriodic acid (Lagodzinski, Ann. 342, 90). 
Other hydroxyanthracenes have been obtained by the reduction of the correspond¬ 
ing hydroxyanthraquinones with aluminium amalgam and ammonia (Hall, J. 
123,2029). 


(2) 9-(7- or ms-)Hydro^antliracene, anthranol, 


CcH4C 


:C(OH) 




►CeHi, forms 


brownish-yellow needles, and is unstable. It melts, when rapidly heated at 120®, 

and is desmotropic with Enthrone, CeH^ >CsH 4 . The latter exists in 

\CH/^ 

colourless, lustrous needles, m.p. 165®, and is stable {Meyer, Ann. 379, 37). An- 
throne is obtained synthetically from o-benzyl-benzoic acid, 

^COOH 

(p. 622), by the action of cone, sulphuric acid at 90®, and from phthalide chloride 
(p. 376), benzene, and aluminium chloride. It can also be obtained by the reduc¬ 
tion of anthraquinone with zinc, or zinc and acetic acid, when it is accompanied by 
dianthryl, (Ci 4 H 9 )a {Meyer, Ann. 379, 66; Ger. Pat, 201,642). Anthranol ace¬ 
tate, m.p. 134®, is also formed by the oxidation of anthracene with lead dioxide 
in glacial acetic acid {Meyer, Ann. 379,76) Anthrone is insoluble in cold alkalis, 
but it dissolves on warming, forming salts of anthranol, which can be obtained 
from the solutions of the salts by careful addition of sulphuric acid. The isomers 
which can exist in the solid state, are in equilibrium in solution or in the melt, in 
which the more stable anthrone strongly predominates. The solutions therefore 
show the properties of both forms. On heating with acetic anhydride, anthranol 
acetate is formed, and methylation with dimethyl sulphate leads to the formation 
of the methyl ether without nuclear substitution. Anthranol methyl ether melts 
at 94®. On the other hand, alkylation with ethyl iodide and cau^i ^ potash leads 

to the formation of a mixture of anthranol ethyl ether, HC^ ^COCjHe, 
ethyl-anihranol ethyl ether, ^COCjHs, m.p. 77®, and diethyl- 


anthrone, (CiHi 


/C.H4V 


CO, m.p. 136® {Goldmann, Ber. 21, 2605). An- 


m.p. 196® {Padova, Ann. chim. 


throne condenses with benzaldehyde in the presence of pyridine forming bens^li- 
dene anthrone, C«H«CH:C(CiH 4 )sCO, yellow needles, m.p. 127® {Haller, C.r. 
141, 867). It condenses with benzophenone chloride to give diphenylanthra- 

quinomethane, CeH^N^N •OH, 

phys. [8], 19, 363). With ^enyldiazonium chloride it gives benzene-azo- 

anthranol, CiHsN^N—183®, which can also be obtained 

by the action of phenylhydrazine on dibromo-anthrone, BrsC(C«H 4 )sCO. m.p. 
157®. Anthraquinone-monophenylhydrazone, which might be expected, ap¬ 
pears to be unstable {Kavfier, Ber. 40, 618; Meyer, Ann. 396, 162). 
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TRANS-ANELLAR TAUTOMERISM. The tautomerism be¬ 
tween anthranol (I) and anthrone (II), is brought about by the migra¬ 
tion of a hydrogen atom “across the ring.” This phenomenon has 
been called “trans-anellar tautomerism” by Barnett. 



A similar tautomerism is found in the ms-alkyl-anthracenes. Thus the action 
of bromine on 9-methyl-anthracene (III) gives w-bromomethyl-anthracene (V), 
which is actually produced from the tautomeric form (IV): 


CITj CHj CIIa-Br 



For the more complicated m«-alkyl-anthracenes there are true isomers. Thus 9- 
benzhydrylidene-lO-phenyl-lO-hydroxy-9,10-dihydro-anthracene (VI) gives 9- 
benzhydrylidene-lO-phenyl-9,10-dihydro-anthracene (VII) and 9-bcnzhydryl- 
10-phenyl-anthracene (VIII) on reduction {Barnett^ Ber. 59, 767; 62, 3063; 
Bergmann^ Ber. 63, 1037): 




Anthrone and anthranol are oxidised by atmospheric oxygen, or by gentle oxidis- 
ing agents such as ferric chloride, mercuric oxide, etc,, to meso-dihydrodianthrone. 
CO(CeH 4 ) 2 CH-011(06114)400, m.p. 245®. This substance can also be obtained 
from monobromoanthrone, m.p. 148®, by heating with copper powder. It is in¬ 
soluble in alkalis, but dissolves in warm alcoholic alkali to give the alkali salt of 
dianthranol, 



Dianthranol forms yellow crystals, m.p. 230®. It is easily obtained by the reduc¬ 
tion of anthraquinone with zinc dust and caustic soda under pressure at 160®, and 
isomerises to meso-dihydrodianthrone in the presence of alcoholic hydrochloric 
acid. When oxidised with ferric chloride or copper sulphate it is converted into 
meso-dianthrone, CO(CeH4)2C:C(CeH4)4CO. a lemon yellow powder, a dinuclear 
quinone with a constitution similar to that ot diphenoquinone (p. 503). It gives 
dianthranol again when treated with zinc dust and acetic acid {Meyer, Mo. 30, 
166). 2-Memyl-anfhrone, m.gj^87® (Padova, Ann. chim. phys. [8], 19, 353). 

2-Hydrozy-anthrone, CiH 4 ^^^^C 6 Hi(OH), m.p. 221®, is prepared from 
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hvdrojgrdiphenylmetViaiie-o-carboxylic acid. Dimethylamino-antoone, CwHfO- 
[N(CHi)al, m.p. 80-85®, has been obtained by the action of sulphuric acid on o- 
dimethylamino-benzyl-benzoic acid (Limpricht, Ann. 307, 313). 

l>Hydroxyanthrone, m.p. 135®, exists in equilibrium with 1-hydroxy-anthra- 
nol. The hydroxyl-group in the 1-position favours the keto-form, but in the 10- 
position it exerts an opposite effect, since anthrahydroquinone is stable but hy- 
droxyanthrone is not. For the equilibrium of polyhydric anthrones and anthra- 
nols, see Meyer^ Ann. 420, 113. 

vCO V 

A dihydrojQrantlirone, C«H 4 < ^iH 2 (OH) 2 , so-called anthrarobin, has 

been obtained by the reduction of alizarin with zinc dust and ammonia. It is 
used as a remedy for skin diseases. Some isomeric dihydroxy-anthrols have been 
obtained by the reduction of quinazarin, anthrarufin, hystazarin, and chrysazin 
(p. 664) with hvdriodic acid (Pleu^, Ber. 35, 2923, 2930; Schrohsdorff^ Ber. 36, 
2938). 

For polyhydroxy-anthranols, see Crons^ J. 1930, 292; Zdhn, Ber. 67, 2063. 
m-Phenylanthrone, C«HftCH(CeH 4 ) 2 CO, m.p. 141-144®, is obtained by the 
action of sulphuric acid on triphenylmethime-o-carboxylic acid (see p. 543), or 
from bromoanthrone, benzene, and aluminium chloride {Barnett^ J. 123, 2631). 
When oxidised it gives phenyloxanthrone, and on reduction, phenylanthracene. 
ms-Phenylanthranol is obtained by dissolving m«-phenylanthrone in hot alkali and 
precipitating with acids. It readily isomerises to the original substance. Substi¬ 
tuted phenyl anthrones are obtained from substituted triphenylmethane-carbox- 
ylic acids (Guyot, Bull. [3], 17,966). According to their origin, the hydroxylated 
phenylanthroiies, such as dihydroxyphenylanthrone, 

✓C«H4-V 

H0C«H4CH< >C0, should be regarded as phthalidines, since they are 

\C6H,(0H)/ 

prcxluccd from the phthaliiis the reduction products of the phtboleins or di- 
phenolphthalides (p. 546). The phthalidines give phtlialideins, or dihydroxy- 
phenyloxanthrones, on oxidation. 

/C(aH5)2v 

Diphenylanthrone, CaH 4 <( ^CeH 4 , m.p. 192®, is a derivative of an- 

^ 

throne. It is obtained from as-phthalylene tetrachloride (p. 385) by condensa¬ 
tion with benzene, and from phenyloxanthrone by the action of benzene and sul¬ 
phuric acid {Haller^ C.r. 121, 102). When reduced with zinc dust and glacial 
acetic acid it gives 9,9-diphcnyl-dihydroanthracene (p. 655). Mixed diaryl- 
anthrones are obtained either from phenyloxanthrone, benzene homologues and 
sulphuric acid, or from benzene derivatives and aluminium chloride and phenyl- 
/CJEI4V yCsH* 

oxanthranyl chloride, CO<f This compound is pre¬ 

pared from diphenylphthalide (p. 544), by heating with phosphorus pentachloride 
to 140® (Guyoij Bull. [3], 17, 966: TStry^ C.r. 128, 1406). It condenses with 

g henols on merely warming, giving hydroxy diphenyl-anthrones (Liettermann, 
icr. 38, 3802). ms-Dichloroanthrone, CO{C 8 H 4 ) 2 Cul 2 , m.p. 133®, is obtained 
from o-tolyl-phenyl ketone by heating with chlorine to 120®^ and by the action of 
chlorine on anthronc. With dimethylaniline and aluminium chloride it gives 
tetramethyl-diamino-diphenylanthrone, [(CHa) 2 NC«H 4 l 2 C(C 6 H 4 ) 2 CO, in yellow 
needles, m.p. 278® {Hcdler, C.r. 136, 535). 

For other chloroanthrones, see Bameti, J. 123, 2549. For p-anilido- and p- 
nitro-anthrone, m.p. 154-156®, and m.p. 137®, respectively, see Meyer, Ann. 396 
145. For other benzyl- and amino-derivatives of anthronc, see Jvliaa, Am. 56, 
2174; Jones, J. 1934,1813. 

The group of anthracoumarins can also be derived from anthronc. They are 
obtained by condensation of cinnamic acid and hydroxy ben zoic acids with sul- 

cji4--<>=====<:5H 

phuric acid. Anthracoumarin, I I ^CO, m.p, 260®, is obtained from 

CO-C#Hj— 

m-hydroxybenzoic acid and cinnamic acid. Di^droxyanthracoumarin, or styro- 
gallol, is obtained from gallic acid and cinnamic acid {Jacobsen, Ber. 20, 2588; 
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Kaatanecki, Ber. 20, 3143; Slama, Dissertation, Giessen, 1899, 29; C. 1899, II, 
967). 

.C(OH)v 

ma-Dihydro}Qranthracene, anthrahydroquinone, C«H 4 <r >C«H 4 , forms 

brown needles. Th^ ^iacctyl -compound melts at 260®. It is desmotropic with 

oxanthrone, CeH^ >C«H 4 , which forms yellowish-white needles, m.p. 

\CH(OH)/ 

167®. The two compounds bear the same relationship to each other as anthranol 
and anthrone (pp. 651, 657), but the conversion of one into the other in solution 
is exceedingly slow. In this case it is the enol form, anthrahydroquinone, that is 
the more stable. Anthrahydroquinone is formed by the reduction of anthra- 
qumone with zinc dust and caustic potash, and soon reoxidises in the air to anthra- 
quinone. It readily dissolves in alkalis giving a red solution. By treatment with 
alcoholic hydrochloric acid it is partially converted into oxanthrone. Oxanthrone 
itself is easily obtained by heating bromanthrone with aqueous acetone or, di¬ 
rectly, by the action of bromine on anthracene in an aqueous acetone solution. 
When reduced with zinc dust and glacial acetic acid, anthranol and anthrone are 
. formed. On heating with alkali, or alcoholic hydrocnlonc acid, oxanthrone isom- 
erises to anthrahydroquinone. When anthrahydroquinone is alkylated with 
alkyl iodides or dialkyl sulphates and alkali, the mono- and di-alkyl ethers of 

yCO—---v 

anthrahydroquinone and alkyloxanthrone, >C 6 H 4 , are ob- 

(OH) Aik/ 

tained together {Meyer^ Ann. 379, 43). 

ANTHRACENE CARBOXYLIC ACIDS: 1- and 2.Anthracene carboxyUc 
acids, C 6 H 4 ^ ^ ^Cells-COOH, m.p. 245® and 281®, are obtained from their 


nitriles^ which are themselves prepared from the anthracene sulphonic acids by 
the action of potassium cyanide. The 2-acid is also obtained bv the reduction of 
anthraquinone-2-carbo:i^lic acid (p. 666). ws-Anthracene carboxylic acid, m.p. 
217® (decomp.), is obtained from its chloride, which is itself prepared from anthra- 
,cene and caroonyl chloride, or better oxalyl chloride at 160® (Liebermann, Ber. 
44, 205), or from anthracene, cyanogen bromide, and aluminium chloride (Aor- 
rer, Helv. 2,482). 1 -, 2-, and 9-Anthracene carboxylic acids polymerise when ex¬ 
posed to light, but depolymerise again in the dark {Weigerty Ber. 47, 898). 1,5- 

and 1,9-Anthracene dicarboxylic acids are also known {Kardos, Ber. 46, 2086; 
Coulson, J. 1930, 1931). 

ms-Benzoyl-anthracene, anthraphenone, CuH^-COCeHs, m.p. 148®, is ob¬ 
tained from anthracene, benzoyl chloride, and zinc dust or aluminium chloride. 
In the latter case, two isomers, m.p. 75® and 203®, are also obtained {Perrier, Ber. 
33, 816; Lippmann, Ber. 34, 2766). 

Dian&ryl (.1) (®* dianthranyl), a white substance, m.p. 300®, is obtained by 
the reduction of anthraquinone with tin or zinc and hydrochloric acid (Ber. 20, 
1855). By oxidising acetylation it can be converted into dianthranol acetate 
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(Eckert^ Mo. ^ 6 , 497; Barnett, J. 123,380). Bianthranol (11), m.p. about 230**, 
can also be regarded as an enol form of dianthrone ( 111 ). It is obtained from the 
keto form ( 111 ) by treatment with alcoholic potash. It is formed from anthraqui- 
none by treatment with zinc powder and 10% caustic soda {Meyer, Ber. 42, 144). 
Dianthranol gives dianthrone (III) when heated with alcoholic hydrochloric acid. 
This compound melts about 250^ with decomposition {Meyer ^ Mo. 30, 173). 
Dianthrone is formed when anthracene is oxidised with nitric acia in glacial acetic 
j^acid, or from bromoanthrone with bases such as piperidine, methylamine, etc. 
{Barnett. J. 121 , 2059; 123,380). Hydroxy-diantli^ls and hydroxy-dianthrones 
are also known {Perkin, J. 121 , 289; Haller ^ J. 125, 231: Goodall, J. 125, 470). 
A 2 , 2 '-dianth] 7 l, m.p. 355®, is formed by distilling tetranydroxy-2,2'-dianthra- 
quinoyl with zinc dust {Scholl, Ber. 52, 1829). 

HYDRO ANTHRACENES. Dihydroanthracene, CnHu, m.p. 108®, is formed 
by the reduction of anthracene with sodium amalgam and alcohol. It has also 
been obtained synthetically by various methods (p. 645). The two additional 
hydrogen atoms are in the 9,10-position. Reduction of anthracene with hydri- 
odic acid or with hydrogen and nickel at 200-250® gives anthracene-tetra-, -heza-, 
-octa-, and perhydrides, C 14 H 14 , CuHie, CwHia, and C 14 H 24 , m.p. 89®, 63®, 73- 
74®, 93®, b.p. 310®, 290®, 293^ and 270®, respectively {Lucas Ber. 21 , 2510; 
Ipatiev, ber. 41, 996; Goochoi, Ann. chim. phys. [ 8 ], 12 , 468). By catalytic 
hydrogenation of anthracene with the aid of a platinum catalyst, substances with 
the definite constitutions of 1,2,3,4-tetrahydroanthracene, or tetracene, m.p. 
103-105®, and 1,2,3,4,5,6,7,8-octahydroanthracene, or octhracene, m.p. 73-74®, 
and a perhydride, C 14 H 24 , m.p. 61.5®, have been obtained {Schroeter, Ber. 57, 
1990-2003; Fries, Ber. 65, 1494). For a perhydride of m.p. 89®, see Vol. II, p. 
178. 

rns-Alkyl-derivatives of dihydroanthracene are obtained by the reduction of 
alkyloxanthrones (p. 656). wis-Dialkyl-derivatives are obtained synthetically 
from alkylidene chlorides, benzene, and aluminium chloride. ?>is-Dimethyl- 
dihydroanthracene, C«H 4 (CH •CH*)2C56H4, m.p. 181®, is obtained from ethylidene 
chloride, benzene, and aluminium chloride, and gives anthraquinone on oxidation 
{Anschutz, Ann. 235, 305, et scf.), in the same way as as-diphenylethane gives 
benzophenone. ms Diphenyl-dmydroanthracene, m.p. 153*, is obtained, to¬ 
gether with triphenyl-methane, by the action of aluminium chloride and benzene 
on benzal chloride (Lirteherger, Am, Chem. J. 13, 556). 9,9-Diphenyl-dihydro- 
anthracene, (C 6 H 6 ) 2 C(C 6 H 4 ) 2 CH 2 , m.p. 196®, is obtained by the reduction of di- 
phenvlanthrone (p. 653) with zinc dust in glacial acetic acid {Liebermann, Ber. 
38, 1800). 

Anthraquinone, or diketo-dihydroanthracene, is to be regarded as a 
derivative of dihydroanthracene. Anthrone and oxanthrone, which 
have already been considered in connection with anthranol and 
dihydroxyanthraquinone and their derivatives, are also members of 
the dihydroanthracene series. 


.CH(OH). 

Dihydroanthranol, C 6 H 4 <^ ^' ^ C 6 H 4 , m.p. 76®, is obtained by reduction 


of anthraquinone with zinc dust and ammonia. It readily decomposes, even on 
standing in the air, to water and anthracene. The alkyl-derivatives of dihydro- 
,CR(OH)v 

anthranol, C 6 H 4 ^ ^ CflH 4 , are obtained by reduction of the alkyloxan¬ 


thrones, or directly by the reduction of anthraquinone with zinc dust and caustic 
soda in the presence of alkyl halides. Like dihydroanthranol, they readily break 
down, even on heating with aqueous hydrochloric acid, into water and 9-alkyl- 
anthracenes {lAeherrrmmi, Ber. 18, 21^; Lirteherger, bull. [3], ^ 92; Lieber¬ 
mann, Ann. 212, 67). ms-Triphenylhydranthranol, (C«H#)*C(C«H 4 ) 2 C(OH)- 
CeHt, m.p. 200®, obtained by the action of phenyl magnesium bromide on di- 
phei^lanthrone (see above), g^ves triphenylhydranthracene, (C 6 H«)iC(CeH 4 )s- 
CHCeHi, m.p. 220**, on reduction. The latter is also obtained by treating the 
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condensation product of triphenylmethane-o-carboxylic ester and phenyl magne¬ 
sium bromide with sulphuric acid {Haller^ C.r. 139, 9). 

Phenyloxanthrone is obtained by the oxidation of phenylanthrone (p. 653), and 
by the action of phenyl magnesium bromide on anthraquinone. A series of other 
m«-aryl- and ryw-alkyl-anthracenes can be oxidised to the corresponding oxan- 
thrones. Thus tetramethyl-diamino-phenyloxanthrone, 

HOv 

yC< yCO , m.p. 213°, is obtaimnl from the condensa- 

(CH,),NC6H/ ^CtHi^N(CHzh 

tion product of tetramethyl-diamino-diphenylmetliane-o-carboxylic acid. It 
combines with dimethylaniline in the presence of phospluirus oxychloride to give 
the dye phthalic green, the chloride of the base, 

,C(OH)[CeH4N(CH,)2]. 

C,H;< >C(,H,N(CH 3)2 (cf. p. 545) (I/aller, C .r. 137, 606). 

\C(0H)IC,H4N(CH3)2]/ 


of which diphenyl-dihydroxy-dihydroanthracene, C 6 H 4 [C(OH)C 6 H 6 ] 2 C 6 lT 4 , m.p. 
242°, is the parent substance. This latter substance, which is obtained by the 
action of phenyl majfnesium bromide on anthraquinone, condenses readily with 
phenols and aromatic amines to give tctra-aryl-dihydroanthraccnes, in which 
respect it resembles ms-triphenyl-by dranthranol, both compounds being analogues 
of triphenylcarbinol {Haller^ C.r. 138, 327; 140, 283). Dimethyl- and diethyl- 
dihydroxy-dihydroanthracene, C 6 H 4 [CR(OH)l 2 CftH 4 , m.p. 181° and 175°, re¬ 
spectively, are obtained from anthraquinone by the action of methyl- and ethyl- 
magnesium iodide (Guyot, Bull. [3), 33, 1144). 

1-Octhracenone, m.p. 46-47°, is obtained by the action of aluminium chloride 
on 7-2-tetralylbutyryl chloride (Krollpfetffer, Ber. 56, 620). 

Methylene-antli^aquinone, 


CH, 



has been obtained by the condensation of anthranol with formaldehyde. It forms 
yellow, stable prisms, m.p. 148° (Meyer^ Ann. 420, 134). For other substituted 
methylene-anthraquinones, see Padova, Ann. chim. phys. [8], 19, 353. 

Anthraquinoney diphenylene-diketone, C 6 H 4 (CO) 2 C 6 H 4 , m.p. 285^, 
b.p. 382®, forms yellow needles, which sublime. In addition to the 
usual synthetic methods given on p. 646 it is obtained very easily by 
the oxidation of anthracene with chromic acid mixture, and the latter 
can be regenerated by an electrolytic method (GraebCj Ann. Suppl. 7, 
285). It can also be obtained from dihydroanthracene, ms-dichloro-, 
-dibromo-, -dinitro-, and -dimethyl-anthracene, and other meso-sub- 
stituted anthracenes. In contrast to the isomeric phenanthraquinone, 
it is very stable towards oxidising agents. It combines with hydroxyl- 
amine to give anthraquinone-oxime, which siIBIimes above 
can also be obtained by heating 9-nitrqanthracene (p. 649) with 
methyl alcoholic potash. Unlike the true quinones, anthraquinone is 
not reduced by sulphur dioxide. 

When heated with hydriodic acid or zinc dust and ammonia to 150°, it gives 
anthracene. By using different reducing agents, the intermediate stages of this 
reduction can be followed: 
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—» c.h4< >c.h4 :zz 

\){OHy 

zl C,H4< VwI- 

Anthraquinone 

A11 thrahyd roquinone 

Oxanthrone 

-* [C.H< 

cn(OH)v 1 _„.o V 

y;.H4 -» c.H4< >c.H4 ■;-’ 

0H(OHy J \:(OHy 


Unknown 

Anthranol 

/CH,. 

cai4< >c.h4 

\jox 

Anthrone 

-» C,H4<^”’ )>C,H4 

\DH(OHy 

Dihy d roanthranol 

— — > C,H4<^^^,H4 
Anthracene 


When anthraquinone is digested with zinc dust and sodium hydroxide solution, 
anthrahydroquinone is formed. When the red solution of this compound in 
alkalis is shaken with air, anthraquinone is regenerated (qualitative test for an¬ 
thraquinone) . 

When reduced with zinc dust and alkali under pressure at 160®, two molecules 
combine and give dianthranol (p. 655). 

When heated with caustic potash to 250®, anthraouinone breaks down into two 
molecules of benzoic acid. When heated with soda-lime it gives benzene and 
diphenyl, but with slaked lime, the principal product is diphenylene-ketone 
{Anschutz, Ber. 18, 935). 

HOMOLOGUES OF ANTHRAQUINONE are obtained by the synthetic meth¬ 
ods, and also, in some cases, by oxidation of the alkyl-anthracenes. 1- and 2- 
Methyl-anthraquinone, C«H 4 (CO) 2 CeH**CHj^ m.p. 167® and 177®; 2-methyl- 
anthraciuinoiic is also found in crude anthraquinone, and is obtained synthetically 
from p-toluyl-o-beiizoic acid and sulphuric acid {lAmpricht^ Ann. 311 , 180; 
Heller, Ber. 43 , 2890). It is the volatile principle of theka w'ood (tectoquinone). 
{Kafnku, Bull. Chem, Soc. Japan 7 , 114), 

When oxidised with lead oxide two molecules combine to give a yellow vat dye, 

anthrafiavone, The constitution 

of this compound has been arrived at by obtaining it by heating w-dibromo- 
methyl-anthraquinone with copper powder. Substituted anthraflavones have 
been obtained by similar processes (Hepp, Ber. 46 , 709; Ullmann, Ber. 46 , 712; 
Ruggli, Ilelv. 12, 71). Many methyl-anthraquinones are sensitive to light, but 
the constitution of the products is not known. In the presence of oxygen, they 
are oxidised to carboxylic acids {Kasai, J. Pharm. Soc. Japan 1927, No. 540, 15). 

2,7-Dimethyl-anthraquinone. m.p. 170®; 2,3-dimethyl-anthraquinone, m.p. 
208®. For other homologues ot anthraquinone, see Diels , Ber. 62, 2337; Morgan , 
J. 1929 , 2203; 2551; Dougherty, Am. 52 , 1024. 

Nuclear-hydrogenated antliraauinones have been obtained by the catalytic 
reduction of anthraquinone, with subseauent oxidation of the hydroquinones. 
Octahydro-anthraquinone, m.p. 183-184^ {Skita, Ber. 58 , 2687). For stereo- 
isomeric forms of ^rhydrogenated anthraquinones, see Alder, Ann. 501 , 247. 

SUBSTITUTED ANTHRAQUINONES. Halogeno^nihraquinones are ob¬ 
tained ; I. by the action of chlorine or bromine on anthraquinone; from chloro- 
and bromo-anthracenes by oxidation; 5. from amino-anthracenes thro^h the 
diazonium compounds {Kaufler, Ber. 37 , 69); 4* by the action of chlorine and 
bromine on anthraquinone- and anthracene-sulphonic acids in aqueous solution, 
the sulphonic acid group being readily exchanged for halogen (Ger. Pats. 205,195 
and 228,876); 5. by synthesis from halogeno-benzophenone-o-carboxylic acids. 
1-Chloro-, -bromo-, and -iodo-anthraquinones, m.p. 204®, 180®, and 177®, re¬ 
spectively; 2-chloro-, -bromo-, and -iodo-anthraquinones, m.p. 212®, 205®, and 



658 


ANTHRACENE GROUP 


176^, respectively. When 2-bromo-anthraquinone, or the dibromo-anthraqui*- 
nones are fused with potash, alizarin is formed (p. 662). Dibromo-anthraqui- 
nones are obtained by bromination of aminoanthraquinones, and subsequent 
removal of the amino-group. 1,3-Dibromo-anthraquinone, m.p. 210® (Ullmann, 
Ber. 49, 2154). For other compounds of this class, see Grandmougin, C.r. 173, 
717, 839; Battegay, Bull. [4], 29, 1017. For trichloro-anthraquinones, see 
Goldberg, J. 1932 ,73. Halogen atoms in the 1-position can readily be replaced by 
OH, OR, OCeHs, NH*, and NHR by heating with milk? of lime, sodium alcoholate 
or phenate, ammonia, or amines (better with the addition of a copper salt). 

When anthraquinone is boiled with antimony pcntachloride and iodine, tetra- 
and heptachloro-anthraquinone are formed, with some octachloro-anthraquinone. 
Other perhalogenated anthraquinones have been obtained from halogenated 
benzoyfbenzoic acids, or from halogenated phthalic anhydrides, halogenoben- 
zenes and aluminium chloride {Eckert, Mo. 36, 269; Hoffmann, Mo. 36, 806; 
Eckert, J. pr. [2], 102, 361; Fierz-David, Am. 49, 2334). For polyiodo-anthra¬ 
quinones, see Eckert, J. pr. [2], 121, 281. 

Nitroanthraquinonea. —When anthracene or anthraquinone is heated with 
nitric acid, 1-nitroanthraquinone, m.p. 230®, is formed, together with 1,5- 
dinitroanthraquinone, m.p. 385® (Ger. Pat. 167,699). Some 1,8-nitroanthra- 
quinone, m.p. 312®, and the 1,6- and 1,7-dinitro-compounds are also formed 
(llefti,nelv, 14, 1404). 2-Nitroanthraqttinone2 m.p. 185®, is obtained from 2- 
aminoanthraauinone by acting on the diazonium compound with potassium 
cupronitrite (c/. 2-nitronaphthalenc, p. 614). It can also be obtained from 3- 
amino-2-nitroanthraquinone by eliminating the amino-group, and also syntheti¬ 
cally from o-benzoyl-p-nitrobenzoic acid (Scholl, Ber. 37, 4435; Kliegl, Ber. 38, 
295). By regulated alkaline reduction of the nitroanthraquinones the relatively 
.stable /3-hy<Coxylamino-anthraquinones, Ci4H7O2(N|I0Ii), Ci4H602(NHOH)2, 
are formed. They isomerise with acids to aminohydroxy-anthraquinones (c/. p. 
68) (Wacker, Ber, 35, 666). 2,2'-Azoxyanthraquinone, m.p. 343®, see Scholl, 
Mo. 32, 1035. 

AMINOANTHRAQUINONES. The aminoanthraquinones and 
their derivatives are of outstanding importance in industry because 
substances like benzoylaminoanthraquinone and trianthraquinone- 
diimide are vat dyes, and other compounds, such as 2-aminoanthra- 
quinone, can easily be converted into vat dyes by simple processes. 
V^at dyes are dyes insoluble in water and alkalis, which, on alkaline 
reduction—the so-called ‘‘vatting”—are converted into alkali-soluble 
hydro-compounds. These combine with the textile, and give the 
original dye on the thread by atmospheric oxidation. Vat dyes usu¬ 
ally contain one or more CO groups, and it is on the capacity of these 
of passing into COH groups which are then capable of salt formation 
that the vatting process depends. Vat dyes are usually very fast 
(Bohn, Ber. 43, 987; Staeble, Chem. Ztg. 34, 731). 

The aminoanthraquinones are produced: i. by reduction of the nitroanthra¬ 
quinones; synthetically by condensation of aminobonzoyl-o-benzoic acids 
(Ger. Pat. 205,036); 3 . nitro-, halogeno-, sulphonic acid, and hydrojgrl groups 
in the a- or 1-position in anthraquinone can be replaced by NH 2 , or NHR groups 
by heating with ammonia, amines, toluene sulphonamides, and particularly with 
aniline, best in the presence of copper powder (Ger. Pat. 126,392; Dammann, 
Z. Farben- imd Textilchemie 1, 325; 0. 1902, II, 368; Baltegay, Bull. soc. ind. 
Mulhouse 87, 71; C. 1921, III. 408, etc,). For oxidation ^ents which can be 
used in this reaction, and avoid tne production of sulphur dioxide, see Lazier, J. pr. 
[2], 135, 7. 1- and 2-Aminoanthraquinone form red needles, m.p. 252-253® and 
302®, respectively; 2-aminoanthraquinone is converted into the interesting and 
useful vat dye indimthrene (q.v.) by fusing with potash at 250®, and under other 
conditions, e.g., by heating with aluminium chloride or antimony pentachloride 
in nitrobenzene solution, it gives the similarly constituted yellow flavanthrene 
(q,v.): 
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CO 



CO 



Di- and poly-aminoanthraq^uinones have been obtained by reduction of poly- 
nitro- or mtroaminoanthraquinonos (see below) usually with sodium sulphide. 

l, 4-, 1,5-and l,8-Diaminoaiithraquinone8meltat268^, 319**, and262^ (Ger. Pat. 
135,561; Noeliing^ Ber. 39, 637). 1,2-, 1,6-, and 1,7-Diaminoantliraqumone8, 

m. p. 298®, 292®, and 290®,Jl,2,3-triaminoanthraqumone, m.p. 328® {Scholl, Mo. 
32, 1043). 1,2- and 2,3-I)iamino- and 1,2,3-triaminoanthraquinone condense 
like o-phenylene diamine (p. 108) with o-dicarbonyl-compounds to give azines 
{Scholl, Ber. 47, 4531; Ger. Pat. 170,562). 

Diazo-dyes prepared from 1,5-diaminoanthraquinone are substantive cotton 
dyes {Maki, J. Soc. Chem. Ind. Japan 34, 392). 

As already mentioned, numerous acyl derivatives of the aminoanthraquinones, 
particularly benzoylaminoanthraquinones, are used directly as vat dyes. These 
compounds are obtained either by the action of benzoyl chloride on the amino¬ 
anthraquinones, or by the action of benzamide and copper powder on the halo- 
genoanthraquinones. Benzoyl-1-aminoanthraquinone and dibenzoyl-1,5- and 
-1,8-diaminoanthraquinone give a yellow colour, the shade being displaced to¬ 
wards the red by substitution. Aminoanthraquinone derivatives of dicarboxylic 
acids, such as malonic acid, succinic acid, phthalic acid, ete., are vat dyes. They 
go under various trade names, such as algol yellow W.G., algol pink and algol 
scarlet G. Another series of vat dyes can be obtained from the aminoanthra¬ 
quinones by heating them with a nitro-compound and concentrated sulphuric acid 
(Bucherer, Ber. 60, 2068). For urethane and urea derivatives of anthraquinone, 
see Battegay, Chimie et Ind. 8, 305, 307. 

ANTHRAQUINONE-DIIMIDES are very stable compounds 


NH 



which arc not hydrolysed even on long boiling with cone. hydrochloric acid. They 
are also very stable towards oxidising agents. Substituted anthraquinone-di- 
imides are readily obtained by condensation of veratroyl nitrile, piporonoyl ni¬ 
trile, etc,, with chlorosulphonic acid {Keffler, J. 119, 1476}. 

Dianthraquinone-imide, C 6 H 4 ^^^^C 6 H 4 *NH*C 6 H 4 <(^^^^CeH 4 , and tri- 

anthraquinone-diimide, A—NH—A—^NH—A, are obtained by condensation of 
mono- and di-aminoanthraquinones with halogeno-anthraquinones by heating the 
components with sodium acetate in nitrobenzene solution, best with the addition 
of copper powder (Ger. Pat. 162,824). Many of these substances, as for ex- 
ample,(the products obtained from 1,5-diamino- and 2-chloroanthraquinone, and 
from 1.5-dichloro- and 2-aminoanthraquinone, are dyes, though some have to be 
treatea in various ways before acting as vat dyes. Some trade names of these 
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dyes are iudanthrene bordeaux B, indauthrene red G, algol orange R, algol bor- 
deaux 3B, and algol red P. 

1-Aminoanthraquinone, like o-aminobenzaldchyde (p. 280), and o-amino- 
acetophenone (p. 286), is callable of forming heterocyclic ring-systems, the addition 
taking place in the 1,9-po8ition in the anthraquinone nucleus. Thus, with acetone 
and caustic soda, an o-methyl-antlirapyridine, is formed, analogous to the forma¬ 
tion of quinaldiue from o-aminobenzaldehyde (Ger. Pat. 185,548). 1-Amino¬ 
anthraquinone combines with urethane to give anthrapyramidone, 
C«H4C:CHCCHa 

^ (Gor. Pat. 205,035). With formamide it gives anthra- 

^ * C«H4 C:N C0 


pyrimidine, 


(io—(!)( 


O—CJIsNH 


(Ger. Pat. 220,314). 


For further heterocyclic ring 


formations see Darnrnann^ Z. Farben-und Textilchemie 1, 325; Ger. Pats. 171,- 
293 and 203,752. 

The action of nitric acid on the free aminoanthraquinones gives rise to the very 
stable nitroaminoanthraquinones (p. Ill, and Scholl, Ber. 37, 4434). The sim¬ 
plest, l-nitroaminoanthraquinone, Ci 4 H 7 U 2 *NHN 02 , forms yellow needles, m.p. 
193® (decomp.), and is obtained by oxidation of 1-anthraquinone diazonium sul¬ 
phate with sodium hypochlorite (Ger. Pat. 156,803). The nitration of acetyl- 
compounds and the urethanes of aminoanthraquinones proceeds smoothly, p- 
Nitro-compounds are obtained first, mainly, and then o-nitro- and o,p-dinitro- 
aminoanthraquinones (Ger. Pat. 171,588). ^r the nitration and bromination of 
the aminoanthraquinones, see Lauer, J. pr. [2], 136, 1. 

When brominated, l-aminoaiithraquinone gives 2-bromo- and 2,4-dibromo-l- 
aminoanthraquinone. m.p. 181® and 222®. 2-Aminoanthraquinone gives 1,3- 
dibromo-2-aminoaiitiuraquinone {Scholl, Ber, ^0, 1701; Ger. Pat. 160,169; Jung^ 
haua, Ann. 399, 316: Ullmann, Ann. 399,330). 2-Bromo-l-aminoanthraquinone 
is of special interest because it can be converted into indanthrene by heating with 
sodium acetate in nitrobenzene solution, in the presence of copper chloride (Ger. 
Pat. 158,287). 

1.3-Dichloro-2-aminoanthraquinone, 3-bromo-l-amino- and 2-bromo-l-amino- 
antnraquinone, m.p. 243® and 182®; 2-bromo-l,4-diaminoanthraquinone, m.p. 
234®; 2,4-dibromo-l-aminoanthraqumone, m.p. 222® {Ullmatm, Ber. 49, 2154). 

ANTHRAQUINONE-DIAZIDES are obtained by the action of ammonia on the 
perbromides of the corresponding diazonium salts. The 1-diazides arc unstable 
and readily split off nitrogen, but the 2-diazide8 appear to be more stable {Brass, 
Ber. 61, 983). 

ANTHRAQUINONE SULPHONIC ACIDS. When anthraquinone is heated 
with fuming sulphuric acid the chief product is 2-anthraquinone sulphonic acid, 
but some 1-anthraquinone sxilphonic acid is also formed. On further sulphona- 
tion 2,6- and 2,7-anthraquinone disulphonic acids are formed. If some finely 
powdered mercuric salt is added to the sulphonating mixture, the formation of 1- 
anthraquinone monosulphonic acid is favoured, together with some 1,5- and 1,8- 
disulphonic acid. The sulphonic acid group enters in each case first in the 1- 
position, but without the addition of the mercuric salt, the sulphonation tempera¬ 
ture is so high that most of the 1-acid is converted into the 2-acid {Marlirtet, C. 
1921, IHj 224; Lauer, .T. pr. [2], 135, 164,182). Chlorinated and brominated 
anthraquinone sulphonic acids are obtainea by sulphonating the corresponding 
substituted anthraquinones {Fierz-David, Helv. 10.197; Schilling^ Ber. 46,1066). 
On illumination of hydrochloric acid solutions or the anthraquinone sulphonic 
acids, the sulphonic acid group is replaced, more or less completel 3 r, by cmorine 
{Eckert j Ber. 60, 1691). 1-Anthraquinone-monosulphonic acid when further 
sulphonated in the absence of a mercuric salt, ^ves 1,6- and l,7-di8ulphonic acids. 
Sumhonic acid groups in the 1- (or «-) position are readily replaced by NH 2 or 
NHR by heating vrith ammonia or amines, by CHtO or CeHeO groups by heating 
with methyl alcoholic alkali or potassium phenate, and by OH groups by heating 
with milk of lime under pressure (Jljinaki, Ber. 36, 4194; Schmidt, Ber. 37, 66; 
Dunachmann, Ber. 37, 331; Liebermann, Ber. 37, 646). The sulphonic acids, 
particularly those with the sulphonic acid group in the 2-position, give the follow¬ 
ing products (t(^ether with higher hydroiQrlated products) when fused with 
potash: 
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2-Anthraquinoiie>iuoi)Osulphonic acid 


2,6-Anthraqumone“disulphonic acid 


c 

c 


2-Hyd roxyanthraquirione 
Alizarin (1,2 OH) > 

Anthraflavinic acid (2,6 OH) 
Flavopurpurin (1,2,6 OH) 


2,7-Anthraquinone-diaulphonic acid 


Lsoanthrafiavinic acid (2,7 OH) 
> Anthrapnrpurin (1,2,7OH), etc. 


The sulphonic acids of the amino-, alkylamino- and arylainino-anthraquinones 
are in some cases valuable dyes, c.< 7 ., alizarin saphirol, 

NHj[8]SOsH[6 ]OH[61C,H<^^^^^,H[1]OH[2]S03H[4]NH2, obtained by re- 

duction of dinitroanthrarufin-disulphonic acid; alizarin pure blue, 

✓COv 

C6H4<^^^^ )‘C«H[i]NH*[2]Br[4]NIIC7H6SOaH, alizarin cyanine Rrecm, anthra- 

quinone green, and many others. The method of preparation is usually to act on 
1-halogeno-, l-nitro-, or 1-hydroxy-anthraquinones with ammonia, aliphatic or 
aromatic amines, and then sulphonate the product {Bvntrock, Ber. 34, 2344. 
Friedlander^ Z. Farben- und Textilchemie 3, 218). 

For the bibliography <^f aiithraquinone sulphonic acids, and their derivatives, 
see Chem. Ind. 32, 477. For the separation, identification, and quantitative 
determination of anthraciuinone sulphonic acids, see Lauer^ J. pr. [2], 130, 185. 
For the polysulphonation of anthraquinone, see Lmier^ J. pr. [2], 135, 361. 


HYDROXYANTHRAQUINONES. The hydroxyanthraquinones 
are obtained (1) from bromo- and chloro-anthraquinones, or anthra¬ 
quinone sulphonic acids by fusion with alkali, or heating with milk of 
lime. The substituents are first replaced by OH, but at higher tem- 
})eratures, in the case of the fusion with potavsh, oxidation occurs, and 
further OH groups enter. Anthraquinone monosulphonic acid gives 
mono- and di-hydroxy anthraquinones. The latter is also obtained by 
fusing hydroxyanthraquinono with alkali (Liebernianny Ber. 11, 1613) 
and by fusing nitroanthraciuinoncs with acid potassium acetate at 
170-“180° (Schwenky J. pr. [2], 103, 106). (8) Hydroxyanthraqui- 

nones can be obtained synthetically from phthalic anhydride and 
phenols, from w?-hydroxybenzoic acids (p. 646) by heating with 
sulphuric acid, and from h 3 ^droxybenzoyl-o-benzoic acids {Bentley, 
Proc.24,52; J. 93, 435). 


If hvdroxyanthraquinones are heated with fuming sulphuric acid, preferably 
with the addition of boric acid, additional hydroxyl groups enter the molecule. 
It is usually H atoms in the a-position of the unsubstituted ring that are replaced 
by OH. Thus, l-hydroxyantlmaquinone gives 1,5-dihydroxy anthraquinone, and 
alizarin gives 1,2,6-trihydroxy- and 1,2,5,8-tetrahydroxy-anthraquinone. An¬ 
thraquinone itself can be converted into hydroxy anthraquinones by this method 
(preparation of quinizarin) (Wacker, J. pr. [2], 57, 88). 

By long fusion with alkali, the hydroxyanthraquinones break doi^m to hydro:^- 
benzoic acids, in the same way as anthraquinone breaks down into benzoic acid. 
This reaction can be used to determine the constitution of a hydroxyanthraqui- 
none {Liehermanriy Ber. 12, 1293; Offermanriy Ann. 280, 1). 

The hydroxyanthraquinones are reduced to anthracene by heating with zinc 
dust. Individual hydroxyl groups can be reduced by heating with stannous 
chloride and caustic soda ( lA^ermann.Ann. 183, 216). On heating with aqueous 
ammonia, to 160-200®, individual OH groups are substituted by amino-gmups. 

In the etherification of hydroxyanthraquinones, certain rules can be formulated 
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which recall those applying to the esterification of the substituted benzoic acids 
(p. 296). Only those hydroxyl groups in the |3-position can be alkjrlated by 
troatment with alkyl halides^ or dialkyl sulphates and alkali; those in the a- 
position are unaffected. This behaviour can be used in the determination of 
constitution. The hydroxy-anthrones and hydroxy-anthracenes do not show any 
similar behaviour (Graehe, Ann. 349, 201). The same phenomenon occurs with 
acylation with acetic anhydride (Dimroth, Ber. 53, 481). On the other hand^ if 
boron triacetate, B(OCOCHa)8, is used, it is the a-OH that is attacked, giving 
1-hydroxyanthraquinone-boracetic eater, Ci 4 H 70 j 0 B( 0 C 0 CH 8 ) 3 , which, on 
warming, readily passes into the metaboric ester, C 14 H 7 O 2 OBO. 2 -Hydroxy- 
anthraquinone only gives the acetyl derivative under the same conditions. The 
special position of boric acid in the chemistry of anthraquinone seems to depend 
on this capacity of forming boron esters with a-hydroxyanthraquinone, which is 
bound up with complex formation between the boron atom and the anthraqui¬ 
none oxygen. Boric acid is used to protect the molecule against oxidation, as a 
condensing agent, and as an aid to nitration (Dimrolh, Ber. 54, 3020). 

(а) Mo7whydroxyanihra4iuinones: —Ci 4 H 702 ( 0 H). 1- or Erythro-hydroxy- 

ajithraquinone, m.p. 190®. 2- or jS-hydroxyanthraquinone, m.p. 323®, are formed 
together from phenol ana phthalic an^dride, and from m-hydroxybenzoyl-o- 
benzoic acid (Ger. Pat. 148,110). 1 -IIydro^anthraquinone is obtained from 
1 -anthraquinone sulphonic acid by heating with milk of lime {Schmidt^ Ber. 37, 
69). The 2-compound is obtained from 2-bromo- or 2-anthraquiDone sulphonic 
acid. Both isomers give alizarin when fused with alkali. 

For methyl-hydroiqranihraquinones see Keimatsu, J. Pharm. Soc. Japan, 49, 
85. 

(б) Dihydroxyanthraquinones: —^Those di-and polyhydroxyanthra- 
quinones which contan 2 hydroxyl groups in the 1,2-position are 
specially important because they combine with metallic oxides to 
form insoluble, very stable lakes, which attach themselves strongly to 
fibres. Their colour depends on the nature of the metal. They are 
therefore very valuable mordant dyes (Nietzkiy Ber. 21, 435; I/icber- 
mann, Ber. 21, 1164). Those dihydroxy-derivatives which have twq 
adjacent OH groups are particularly useful. For the theory of the 
process, see Liebermanriy Ber. 26,1574; 35, 1490; 41, 1436. It has, 
however, been shown that the rules laid down are not perfectly 
general, as the example of naphthazarin (p. 630) shows. The most 
important of these dyes is 1,2-dihydroxyanthraquinone, or alizarin. 

Altogether, ten possible isomers of dihydroxyanthraquinone are 
known. 

Alizarin, 1,2-dihydroxyanthr(iquin(mef Ci4H602(0H)2, m.p. 290®, 
subliming at higher temperatures in orange-red needles, is the chief 
constituent of the dye of madder root (Ruhia tinctorum), in which it 
occurs in the form of a glucoside, ruberythric add. 

Ruberythric acid decomposes when heated with dilute acids or alkalis, or by 
the action of a ferment contained in the madder root itself, into alizarin and 2 . 
mols. of glucose, showing that the substance is a disaccharide: 

C«H«Oi4 + 2Hrf) - 2 C«Hx,06 + Ci4H«0*(OH), 
ruberythric acid aliiarin 

Impure preparations of alizarin from madder root (Garancine, etc,) have now 
been entirdy replaced by the pure synthetic product. 

In 1868, Graebe and Liebermann, who had previously obtained 
anthracene by heating natural alizarin to redness with zinc dust, pre? 
pared alizarin artificially from dibromoanthraquinone and caustic 
potafib. Alizarin is also obtained in a similar way from dichloro- and 
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monobromo-onthraquinone, from the two hydroj^unthraquinones, 
and from anthraquinone sulphonic acid, by fusion with potash. 
Anthracene itself can be converted into alizarin by fusion with alkali 
and sodium chlorate (Ger. Pat. 186,526). 

In the industrial preparation, anthraquinone prepared from purified (50%) 
antluracene is used. It is converted into 2-anthraquinone monosulphonic acid by 
fuming sulphuric acid. This is then submitted to prolonged fusion with caustic 
soda at 180-200^ under pressure, and with the addition of potassium nitrate or 
chlorate as oxidising agent. In this way sodio-alizarin is obtained, which is de¬ 
composed by hydrochloric acid, and is put on the market as a 10-20% paste. 

Alizarin is also obtained by heating phthalic anhydride with 
catechol and sulphuric acid. The isomeric hystazarin is obtained at 
the same time. It is also prepared from phthalic anhydride and o- 
dichlorobenzene in the presence of aluminium chloride, followed by 
fusion with potash {Phillips^ Am. 49, 473). 

Alizarin dissolves readily in alcohol and in ether, but is difficultly 
soluble in hot water. It dissolves in alkalis with a purplish-red 
colour. Calcium and barium hydroxides precipitate the correspond¬ 
ing salts from this solution, as blue compounds. Aluminium and tin 
salts give red, ferric salts, blackish-violet, and chromium salts violet- 
brown precipitates (alizarin lakes, see p. 662). 

In cotton dyeing and printing the red aluminium lake, and the almost black 
iron lake are usually used. In the case of wool, the aluminium and chromium 
lakes are most often used. The fabric, mordanted with alumina, is heated with 
alizarin suspended in water, when alizarin aluminate is fixed on the thread. In 
dyeing with Turkey red oil, sulphonated castor oil, the fabric is mordanted with 
the oil and alum. The alumina then combines with both the oil and the alumina. 

On prolon|;ed fusion with alkali, alizarin is broken down into benzoic and proto- 
catechuic acids. 

Alizarin dimethyl ether, Ci4H602(0CHs)2, m.p. 215®, is obtained by oxidation 
of 1,2-dimetho^antlirone, or by heating i-nitro-2-methoxyanthraquinone with 
methyl alcoholic potash. jWhen hydrolysed with concentrated sulphuric acid it 
gives alizarin>2-monomethyl ether, m.p. 230®, a compound which can also be 
obtained by direct methylation of alizarin (p. 662, and Ann. 34Q, 201). The iso¬ 
meric alizarin-1-monomethyl ether, m.p. 179®, which has not yet been obtained 
synthetically, is found, together with hystazarin monomethyl ether and anthra- 
gallol-1,2- and 1,3-dimcthyl ethers, in the root of Oldenlandia umbellata {Perkin, 
Proc. 23,288; J. 91. 2066). 

3-Nitro-alizarin, alizarin orange, C6H4(CO)*C6H(OH)2[31N02, forms orange- 
red leaflets, m.p. 244®, and is obtained from alizarin by nitration in acetic acid 
solution, or by the action of nitrous fumes. It is used industrially, its aluminium 
lake being coloured orange. 3-Amino-alizarin, obtained by reduction of 3-nitro- 
alizarin, forms an anhydro-base with acetic anhydride, which contains the NH 2 
group in the ortho position to an OH group {Roemer, Ber. 18. 1666; Schultz, Ber. 
35, 906). On heating with glycerol, nitrobenzene, and sulphuric acid {Skraup^s 
synthesis of quinoline) it gives alizarin blue, a derivative of anthraquinoline 
{Brunner, Ber. 18, 447). The isomeric 4-nitro-alizarin, CeH 4 (CO) 2 C 6 H{OH) 2 - 
[4JN02, m.p. 195®, is obtained by nitrating diacetyl-alizarin (c/. Brasch, Ber. 24, 
1610). 4-Amino-alizRrin, obtained by reduction, gives a green dye, alizarin 
green, isomeric with alizarin blue, when treated with glycerol, nitrobenzene, and 
concentrated sulphuric acid. 

l-Hydroxy-2-aminoanihraquinone, alizarin amide, Ci4H60i(0H)NH2. m.p. 
225®, is obtained by heating alizarin with aqueous ammonia to 200® {Scholl, Ber. 
39, 1201). 

Aminohydroxyanthraquinones can also be obtained from hydroxylamino- 
anthraquinones (obtained by reduction of nitroanthraquinones) by isomerisation 
with sulphuric acid (c/. p. 68) {Schmidt, Ber. 29, 2934; Wacker, Ber. 35, 666), 
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and by the action of fuming isu^huric acid on amino- and alkylamino-anthraqui- 
nones (Ger. Pat. 164,353). oromo-alizarin, see Liebermann, Ber. 33, 1664. 
Halogenated alizarins nave been prepared in large numbers via the sulphonic acids 
(Heller, Ber. 46, 2703). Alizarin sulphonic acids, see Ger. Pat. 210,863. 

Three of the dihydroxyanthraquinones isomeric with alizarin contain the OH 
groups in one benzene nucleus (isonuclear): 

(1,3) -Purpuroxanthin, obtained from resorcinol and phthalic anhydrid^ (1,4)- 
quinizarin, from hydroouinone. and (2,3)-hystazarin, from catechol (Ber. 28, 
116). They are better oDtainea from their etners, which are obtained by the con¬ 
densation of the corresjijonding dihydroxybenzene ethers and phthalic anhydride 
in the presence of aluminium chloride (Lagodzinski, Ann. 342, 99). Quinizarin 
is formed by the action of concentrated sulphuric acid and nitrous acid on anthra- 
quinone or 1-hydroxyanthraquinone. The sulphate of l-hydroxy-4-diazoanthra- 
quinone can be isolated as an intermediate product. On stronger heating with 
sulphuric acid it is converted into quinizarin and nitrogen (Ger. Pat. 161,954). 
An interesting method of formation of quinizarin is from the action of 1.4-naph- 
thohydroquinone and maleic anhydride, which gives it the structure of a 9,10- 
dihydroxy-lA-anthra^uinone (Zahn, Ann. 462, 72). Hystazarin is obtained 
industriallv by the oxidation of anthraquinone with fuming sulphuric acid in the 
presence of boric acid. On prolonged heating with sulphuric acid it partially isom- 
erises to alizarin (Liebermann, Ber. 35, 1778). For derivatives of hystazarin, 
see Schrobsdorff, Ber. 36, 2936. Quinazarin monosulphonic acid, rufianic acid, 
is used as a precipitant for bases (Zimmermann, Z. physiol. Chem. 188, 180). 

The following dihydroxyanthraquinones, which contain the OH groups in dif¬ 
ferent benzene rings (heteronuclear), are usually obtained from the corresponding 
disulphonic acids, by heating with milk of lime: 

(1,5)-Anthraniiin, 1,6- and 1,7-dihydroxyanthraquinone, (l,8)-chrysazin, 
(2,7-)isoanthraflavinic acid, (2,6-)-ant^aflavmic acid. These are obtained, 
together with 1,5- and 1,7-dihydroxyanthraquinones by condensation of w- 
hvdroxybenzoic acid. Chrysazin (derivatives, see Wdbliug, Ber. 36, 2941) is also 
obtains from its tetranitro-compound, chrysaminic acid, Ci 4 lIi(N 02 ) 4 (()H) 202 , 
by reduction and elimination of the amino-groups. Chrysaminic acid is obtained 
by heating aloes with concentrated sulphuric acid. For the spectra of dihydroxy¬ 
anthraquinones, see Liebermann, Ber. 19, 2327. 

Hamologues of the dihydroxyanthraquinones. —1,8-Dihydroxy-3-methvlanthra- 
quinone, C^4H6(CH3)02(0H)2, is chrysophanic acid, in.p. 196® (Hesse, Ann. 284, 
193; Oesterle, Arch. Pharm. 243, 434; L^ger, C.r. 154, 281), which is present in 
senna leaves from species of Cassia^ and in the rhubarb root from species of Rheum, 
together with methyl-chrysophanic acid (Hesse, Ann. 309, 32). Chrysophanic 
acid is obtained synthetically by condensation of o-nitrophthalic anhydride with 
m-cresol, whereby a substituted benzoyl-benzoic acid is formed. The nitro-group 
is then replaced by hydroxyl, and the ring closed (Eder, Helv. 5,3). For another 
synthesis, see Naylor, Am. 53, 4114. 

Chrysarobin, CuHnOa, is chrysophanic acid-9-anthrone (Naylor, Am. 53, 
4114). It is found in goa and araroba powder, an exudation from dye and Bra¬ 
zilian trees, and is used in pharmacy as a vesicant (lAtbennann, Ber. 21,447). It 
is readily oxidised in the air, and in the organism to chrysophanic acid. Besides 
chrysarobin. goa powder contains chrysophanic acid-anthranol, emodin-an- 
thranol-methyl ether, emodin monomethyl ether, and cmodin (p. 665) (Eder, 
Arch. Pharm. 254, 1; Hesse, Aim. 388, 65). 

The so-called methyl-alizarin, m.p. 261®, is isomeric with chrysophanic acid. 
It is obtained from methyl-anthraquinone sulphonic acid, and behaves very simi¬ 
larly to alizarin. Various methyl-purpuro-xanthines have been prepared bv con¬ 
densation of 1,3,5-dihydroxy benzoic acids with o- and m-toluic acids (Schunck, 
J. 69, 68). A methyl alizarin, m.p. 216®, and a methyl-hystazarin, (OH)2[6,71 - 
C 6 H 2 (CO) 2 CeH 3 [ 2 ]CH 8 , are obtained by condensation of 6-methyl-phthalic acid 
with catechol (Niementowski, Ber. 33, 1629). Dimethyl-anthrarufin, (CHs)- 
(OH)C€H 2 (CO) 2 CflH 2 (CH 8 )(OH), is obtained by the action of sulphuric acid on 
spm-hydroxytoluic acid (Joweti, J. 83, 1331). 

For mbiadin and nataloin,' see Vol. II, pp. 428,430. 

Shikizarin, m.p. 232®^ is l-methyl-5.8-dihydro^-anthraquinone, and is ob¬ 
tained by heating shikomn (Majima, Acta ph^^ochim. 1, 43). For other honio- 
logues of alizarin, see Bradburg, J. 105, 2748. 
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(c) Trihydroxyanlhraquinones are obtained by fusing anthraqui* 
none disulphonic acids (p. 660) or mono- or dihydroxyanthra- 
quinones, with alkali or other oxidising agents. They can readily be 
built up from derivatives of naphthaquinoue (Dimroth, Ann. 411,339). 

Purpurin, C6H4(CO)2C6H[l,2,4](OH)3 + H 2 O, m.p. 253^ (anhy¬ 
drous), can be sublimed, is found together with alizarin in madder 
root. It is formed from alizarin and quinizarin by heating with 
manganese dioxide and sulphuric acid to 150°, and from tribromo- 
anthraquinone. It can be obtained synthetically from phthalic 
anhydride, and 2,4-dibromophenol, followed by fusion with alkali 
{Tanaka, Proc. Imp. Acad. Tokyo 3, 345). Rirpurin dissolves read¬ 
ily in hot water, alcohol, ether, and alkalis, with a pure red colour. 
Lime water and baryta water precipitate purplish-red compounds. 
It produces a beautiful scarlet colour with mordanted fabrics. 

When purpurin is heated with aqueous ammonia to 150®, purpurinamide. 
CMHfiOiCNHa) ( 0 H) 2 , is formed. 

Anthragallol, (1,2,3) (derivatives, see Bamberger, Mo. 22 , 717; Mo. 23, 688 ; 
Bock, Mo. 23, 1008; 26, 671), antkra- or isopiirpurin (1,2,7), and flavopurpurin 
(1,2,6) {Frobenius, Ber. 40, 1048), hydroxychrysazine (1,2,8), hydrozyanthra- 
runn (1,2,5) {Graehe, Ann. 349, 215), and 1,4,8-trihydrozyantl^aquinone (Ger. 
Pat. 163,041), are isomeric with purpurin. The first three are used industrially 
in dyeing and printing. For the determination of the constitution of these sub¬ 
stances by fission of the sulphonic acids related to them, see Offermann, Ann. 280, 

l. 1,3,8-Trihydrozyanthraquinone, m.p. 278®, forms bright red needles. 

Homologous trihyaroxyanthraquirwnes: —^Trihydroxy-methylanthraquinones are 

obtained by the condensation of dimethoxy-phthalic anhydrides with o-, m- 
and p-cresol in the presence of aluminium chloride (Graves, Am. 45, 2439; Simon^ 
sen, J. 125, 721; Keimaisu, J. Pharm. Soc. J^an, 49, 158; 50, 61). Emodin, 
or frangula-emodin, (HO) 2 C*Hs(CO)iC 6 H 2 (OIi)CHi, m.p. 255®, is a 1,6,8-tri¬ 
hydroxy-3-methyl-anthraquinone (see Vol. II, p. 429). Aloe-emodin, a 3- 
(hydroxymethyl-)l,8-dihydroxyanthraqumone, m.p. 224°, is isomeric with it. 
It is obtained from barbaloin (Vol II, p. 364) by hydrolysis with dilute hydro¬ 
chloric acid. Oxidation with chromic acid converts it into l, 8 -dihydrox 3 ’'antlira- 
quinone-3-carboxylic acid, a substance called rhein, which has also been isolated 
from Chinese rhubarb (Vol. II, p. 429). Isomeric with emodin is morindone, 

m. p. 280-282°, which is obtain^ by hydrolysis of morindin. the gluooside pres¬ 
ent in Morinda citrifolia. It is a 1 ,2,5-trihydroxy- 6 -methylanthraquinone, and 
can be obtained synthetically by condensation of opianic acid with p-bromocresol, 
reduction of the phthalide form^ with zinc and caustic soda, and ring-closure with 
85% sulphuric acid. The anthrone derivative obtained is converted into morin¬ 
done through morindone-dimethyl ether {Jacobson, Am. 47, 283; Bhattacharya, 
J. Indian Inst, Sci. 10 , A 6 ; Vol. II, p. 430). Chrysarone, 3, 5 , 6 -trihydroxy- 2 - 
methyl-anthraquinone (KHmatsu, J. Pharm. Soc. Japan, 49, 63). Isoemodin, 
3,5, 8 -trihydroxy-2-methyl-anthraquinone (Keimatsu, J. Pharm. Soc. Japan 49, 
20 ). Helminthosporin, see Vol. II, p. 429. 

(d) Tetra^ and Tfoly^hydroxyanthraquinones are obtained by beating hydroxy- 
ant hraquinones with fuming sulphuric acid, best with addition of boric acid (c/. 
p. 661, and Schmidt, J, pr. [ 2 ], 43, 231; 44j 103). In this way, quinalizarin, or 
alizarin bordeaux, Ci 4 H 402 [ 1,2,5, 8 ] ( 011 ) 4 , is obtained from alizarin. When it 
is oxidised with manganese dioxide and sulphuric acid it forms alizarin-pentacy- 
anine, Ci 4 H 802 (OH) 4 , 1,2,4,6,8-pentahydroxyanthraquinone, a blue mordant (^e 
(Ger. Pats. 66,153 and 119,766). An anthradiquinone, (HO) 8 C 6 H(CO) 2 C 6 H 202 , 
is formed intermediately. Two isomeric tetrahydroxyanthraquinones, anthra- 
chrysone and nifiopin are formed from syrw-dihydroxybenzoic acid (p. 367) and 
from opianic acid (p. 381) or protocatechuic acid (p. 365) and sulphuric acid. 
Rufiopin is a 1,2,5,6-tetrahydroxyanthraquinone, which can be synthesised in 
the same way as morindone (Puntamheker, Am, 49, 486). When gallic acid is 
heated with sulphuric acid, rufigalUc acid, Ci 4 H 202 [ 1,2,3,5,6,71 (OH) 6 , is formed. 
It is a hexahydroxyanthraquinone, which dissolves in alkalis with a blue colour. 
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and dyes fabrics mordanted with chromium a brown colour. It comes on the 
market in combination with anthrapurpurin as alizarin* or anthracene-brown. 
Anthracene blue is an isomeric hexahydroT^anthraquinone, which is obtained 
by the action of fuming sulphuric acid on dinitroanthraquinone, and is a 1,2.4,5.- 
6,8-hexahydroxy-anthraquinone. Kermesic acid^ carminic acid, and prooab^ 
iaccaic acid, arc to be regarded as tetrahydroxyanthraquinoncs. They are dealt 
with under the natural cfyes in Vol. II, p. 430. 

A review of the naturally occurring anthraquinone derivatives is given by 
Mitter^ J. Indian Chem. Soc. 5, 769. 

ANTHRAQUmONE-CARBOXYLIC ACIDS: 1- and 2-Anthraquinone car- 
bozjrlic acids are obtained by oxidation of the anthracene carboxylic acids. The 
1-acid (m.p. 285^) is also obtained by condensation of benzoyl-phthalic acid and 
-isophthalic acid {(rraehe, Ann. 290, 217). The 2-acid (m.p. Idmpricht, 

Aim. 311,182) is obtained by the action of chromic acid on methyl-anthracene or 
methyl-anthraquinone. The amide of the 1-acid gives 1-amino-anthraceiie when 
treated with bromine and alkali (p. 658*; Graehe, Ber. 30, 1115), and the acid it¬ 
self can be obtained from this through the nitrile {Ullmann, Ann. 388, 200). 1,5- 

Anthraquinone dicarboxylic acid, m.p. 326*^, is obtained in a similar way {SchoU, 
Ber. 62,107). Other anthra(][uinone dicarboxylic acids are obtained by the oxida¬ 
tion of the corresponding dimethylanthraquinones. Anthraquinone-2,7-dicar- 
boxylic acid, m.p. above 360*^; anthraquinone-l,2-dicarboxylic acid, m.p. 267- 
268^. with anhydride formation. These substances serve as the starting point 
for tne preparation of more highly condensed systems, which will be described 
later (see p. 708). Munjistin. 2,4-dihydroxyanthraquinone-3-carboxylic acid, 
is found in some spedes of madder (Vol. II, p. 428). 

Trihydroxyanthraquinone-carboxylic acid, purpurin-carboxylic acid, CmHiOj- 
(OH)jCOOH, is the so-called pseudopurpurin, which is found in crude purpurin 
from madder root, and on heating breaks down into carbon dioxide and purpurin. 
For synthetic puipurin carboxylic acids, see Perkin^ J. 65, 842. 1-Nitrpanthra- 
quinone-carboiylic acid is used as a reagent for the identification of alcohols (Sah, 
J. Chin. Chem, Soc. 1, 51). 

The chlorides of the anthraquinone-carboxylic acids give 1- and 2-benzoyl- 
antfaraquinones, when treated with benzene and aluminium chloride {Schaar^ 
schmidi, Ber. 48, 831). In addition to the ketones, isomeric lactones are also 
formed. Their formation is explained by tautomerism of the anthraquinone 
carboxylic chlorides (Scholl, Ann. 493, 56; 494, 201; 512, 1, 30, 112), e.g.: 


O O 



Mercaptans and mercapto-derivatives of anthraauinone are formed by the 
action of potassium hydrosulphide or mercaptans on nalogeno- and nitro-anthra- 
quinones (Oattermann, Ann. 393, 113). Mercaptan-antfiraquinones can also be 
imtained bv the hydrolysis of the corresponding thiocyanates with alcoholic pot- 
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tising and boiling with potassium thiocyanate. The mercaptan>anthraquinones 
veiy readily oxidise and pass into the disulphides. Anthraquinone-2-mercap^, 
yellow needles, m.p. 206®; methyl ether, m.p. 162®. Ring closure readily occurs 
when these substances are treated with dehydrating agents, and thiazole- and thio¬ 
phene derivatives are formed {GaUerrnann, Ann. 393, 113). The reaction of o- 
nalogeno-amino-anthraquinones with potassium thiobenzoate leads directly to 
anthraquinone-thiazole derivatives, which are used as dyes (Ullmann, Ann. 399, 
345). 

Anfhraquinone-sulphenic acid 



can be obtained by the action of halogens on the mercaptans. The **sulpho- 
chloride** first formed is converted into an alkoxy-compound, and is then hydro¬ 
lysed. It is a bright red substance and is acidic. ms-Dithioanthraquinone, see 
Heilbron^ J. 12 3, 17 3. 

OTHER ANTHRACENE-QUINONES: Besides 9,10-anthraquinone, 1,2- and 
1,4-anthraquinones are known. 1,2-Anthraquinone forms orange needles, m.p. 
160®, and is obtained by oxidation of 1-hydroxy-aminoanthraceue {Lagodzinskif 
Ber. 27, 1438; Ann. 342,80). 1,4-Antiiraquinone, yellow needles, m.p. 218®, is 
obtained by oxidation of 1,4-diamino-anthracene with ferric chloride (Liebcr- 
mann, Ber. 41, 1436). 2-Hydroxy-l,4-anthraquinone, see Fieser, Am. 50, 465. 

ANTHRA-DIQUINONES have been prepared by oxidation of hydroxy- and 
polyhydroxy-anthraquinones. Hystazarinquinone, 2,3,9,10-anthra-diquinone. 
obtained from hystazarin by the action of lead tetracetate, forms bronze coloured 
needles, decomposing at 315® (Tanaka, Chem. News 131, 20). Quinizarin- 
quinone, 1,4,9,10-anthra-diquinone, straw-yellow needles, m.p. 211-213® (Dim- 
roth, Ann. 411, 345; Lesser, Ber. 47, 2526). Hydroxyanthra-diquinones and 
anthratriquinones, see Dimroth, Ber. 54, 3050; Schmidt, Ber. 62, 1884. 

DIANTHRAQUINOYLS. These are compounds in which two anthraquinone 
radicals are linked directly with each other in the 1- or 2-position. They are 
produced in the same way as diphenyl (p. 493): (1) from iodo- or chloro-anthra- 
quinones, by hc^ating with copper powder; (^) from the anthraquinone diazonium 
sulphates with acetic anhydride and copper powder (Scholl, Ber. 40, 1697; Ger. 
Pat. 215,006). (3) They may be obtained by a method analogous to the syn¬ 

thesis of anthraquinone. Diphenyl and phthalic anhydride are heated in the 
presence of aluminium chloride, giving di^enyl-diphthaloylic acid, which is then 
treated with dehydrating agents (Scholl, Ber. 44, 1075): 



Derivatives of dianthraquinoyl have also been obtained by oxidation of hydroxy- 
anthraquinone, and by condensation of 1,2-anthraquinone with sulphuric acid 
(Eckert, Ber. 60, 1693). 

1,1'-Dianthraquinoyl, brownish-yellow prisms, m.p. 435®, is obtained by 
methods (1) and (2), 2,2'-Dianthraquinoyl, m.p. 388^, is obtained by methods 
(1), (2), and (3), 2,2'-Dimethyl-1,1'-dianthraquinoyl, m.p. 367®; 2,4,2',4'-- 
tetramemyl-1,1'-dianthraquinoyl. m.p. 297® (Sclwll, Ber. 43, 512), 

4,4'-Dimethyl-1,1 '-dianthraquinoyl, rhombic tablets with a yellow colour, m.p. 
386® (Ullmann, Ber. 45, 687). 
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l,l'-Dianthra<iuinoyl-2,2'*dicarboxylic acid obtained by oxidation of 2,2'- 
di£nethyl-l,l'-dianthraquinoyl. Like the 'niisubstituted diphenic acids 
(p, 495) it has been resolved into optical isomers (Kuhn, Ann. 464, 91). For 
hydroz^ianthraquinoyls, see Seer, Mo. 34, 631; Scholl, fier. 52, 2254. 

l.l'-Dianthraquinoyls give a cherry-red solution with concentrated sulphuric 
acia, which becomes dark green on addition of copper powder. The reaction is 
characteristic for these compounds (Seer, Mo. 34, 633). 

Ketones in which an antliracene nucleus is linked with an anthraquinone nu¬ 
cleus by a CO bridge can be obtained by condensation of 1- and 3-chloroanthra- 
quinone-2-carboxylic chloride with anthracene. The type of compound is illus¬ 
trated by the formula (de Diesbach, Helv. IS, 1241): 



4. PHENANTHRENE GROUP 

Phenanthrene is found in coal-tar, together with anthracene (p. 
645). It is also found with fluoranthene (p. 689) and pyrene in a 
product obtained by distilling a mercury ore from idrialite. In a 
more or less hydrogenated form, the phenanthrene molecule forms 
the basis of a number of important naturally occurring substances, 
and for this reason, is of special importance. It is obtained syn¬ 
thetically: (1) together with diphenyl, anthracene, and other 
hydrocarbons by passing the vapours of various benzene derivatives 
through a red-hot tube. Thus, toluene, stilbene, diphenyl and 
ethylene, and particularly dibenzyl, and o-ditolyl, give phenanthrene 
when treated in this manner: 

CeHsCtL CeHi-CTl 

c,H6-(!;h, " iai,—6 h ' (!:,H4-ch, 

Dibenzyl Phenanthrene o-Ditolyl 

(^) By the action of sodium on o-broinobenzyl bromide, through the 
dihydro-compound. Anthracene is also formed. 


C6H4— CH 



1 i "— 

_ 2| ~ 

->. HC<f ^ 

C«Il4—CH 


\c,h/ 

Phenanthrene 


Anthracene 


(S) By heating coumarone with benzene (ifraemcr, Ber. 23, 85): 

i_iH ^ -• iuJiH 

^ Coumarone Phenanthrene 

Chrysene is formed in a similar way from coumarone and naphthalene, and 1- 
naphthylamine from furan and aniline (p. 615). 
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(4) The diazonium compound of o-amino-«-phenylcmnamic acid 
gives phenanthrene carboxylic acids when treated with copper powder 
{Pschorr, Ber. 29,496): 


COOH COOH 



The reaction recalls the formation of diphenyl from benzene and 
phenyldiazonium chloride (p. 493), and that of fluorenone from the 
diazonium compound of o-aminobenzophenone (p. 681). Numerous 
phenanthrene derivatives can be prepared by generalising this syn¬ 
thesis. The method is suitable for preparing phenanthrene deriva¬ 
tives with substituents in known positions (Pschorr, Ber. 33, 162, 
1810; 34,3998; 39,3106; Mayer, Ann. 403,178). 

(5) The synthesis of 1-naphthol from styryl-acetic acid (phenylisocrotonic acid) 
can be applied to the formation of 4-hydrox3n[)henanthrene by heating 2-naphthyl- 
isocrotomc acid (Ludwig^ Ann. 379, 351; Klinkhardt, Ann. 379, 362): 



(6) The following synthesis of phenanthrene from a naphthalene derivative is 
interesting: 3,4-dihydro-l-naphthoic ester (I) condense with acetoacetic ester 
to give a diketo-octahydrophenanthreno carboxylic ester, which, on hydrolysis 
and loss of carbon dioxide, gives octahydro-diketophenanthrene (II); when this 
is distilled with zinc dust, phenanthrene is formed (III) (Rabe, Ber. 31, 1896) : 




(III) 


(7) A synthesis of 9-alkylated phenanthrenes, which cannot be obtained by 
Pschorr's synthesis (4, above), consists of the condensation of acetophenone with 
oxindol. The condensation product is hydrogenated, decomposed to the amino- 
acid, and by diazotisation and boiling mth copper powder, ring closure is effected, 
and 9-methyl-dihydrophenanthrene carboxyhc acid is formed (Windaus, Ber. 57, 
1875): 
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(S) The following synthesis is capable of general application. 
Naphthalene is condensed with^ succinic anhydride in nitrobenzene 
solution in the presence of aluminium chloride. The jS-naphthoyH- 
and j8-naphthoyl--2-propionic acids are reduced by Clemmensen^s 
method, and the ring closed by treatment with 85% sulphuric acid, or 
with stannic chloride, when 1- and 4-keto-l,2,3,4-tetrahydrophen- 
anthrene are formed. After separation of the keto-group the hydro- 
phenanthrenes obtained are dehydrogenated with selenium, when 
phenanthrene is formed. The importance of this synthesis lies in the 
use of substituted naphthalenes and succinic anhydrides (Haworthy J. 
1932,1125,1784,2248; Ruzickay Helv. 15,907): 



(9) Phenylethyl bromide reacts with the potassium salt of cyclo¬ 
hexanone carboxylic ester. The keto-ester produced is hydrolysed, 
decarboxylated, reduced to the alcohol, and the ring closed to octa- 
hydrophenanthrene by means of phosphorus pentoxide. Phen¬ 
anthrene is obtained from the hydro-compound by dehydrogenation 
with selenium {Bardhan, Sen Gupta, J. 1932, 2520; Haworth, ibid., 


CH, CIL 



(10) Another method consists in condensing cyclohexanone with phenylethyl- 
magnesium bromide, giving 1-phenylethyI-cycfohexanol-l, and from this the same 
octahydrophenanthrene is obtained as in (9) (Bogert, Science, 77, 289): 
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{tl) Polyhydroxy-dibenzyls can be converted into hydroxy-dihydrophenan- 
thrones by oxygen and other mild oxidising agents (Erdtmann, Ann. 505, 195). 

These methods of formation indicate that phenanthrene must be 
regarded as a diphenyl derivative, in which the two benzene rings are 
linked by CH=^H in two ortho-positions. With the four carbon 
atoms, the two benzene rings give rise to a third normal benzene ring: 



In agreement with this formula, phenanthrene does not react with 
maleic anhydride, and its optical properties are those of a substance 
with three condensed benzene rings. The oxidation of phenanthrene, 
which leads first to phenanthraquinone then to diphenic acid, and o- 
phthalic acid, also supports this conclusion: 



Phenanthrene and its derivatives are degradation products of many important 
naturally occurring substances, which contain the phenanthrene skeleton in a 
varying degree of hydrogenation. Thus, the alkaloids morphine, codeine, the- 
baine, colchicine and laurotetanine are pnenanthrene derivatives. Many of the 
higher teipenes and resin acids, such as abietic acid; the sterols and bile acids, 
strophantnidine, the follicular normone, the lichen dye telephoric acid, and the 
colouring matter of green decaying wood, xylindein all contain phenanthrene 
skeleton. In some cases the homologues of phenanthrene obtains from these 
natural substances—usually by dehydrogenation with zinc dust or selenium—^are 
still of unknown constitution. 

Phenanthrene m.p. 101®, b.p. 332®, forms colourless crys¬ 

tals, which dissolve readily in ether and benzene, but more difficultly 
in alcohol and water. The solutions show a blue fluorescence. For 
the spectrochemistry of phenanthrene, see Auwers, Ann. 430, 230; 
443, 181. 


Picrate, Ci 4 Hio-CsHa(OH)(NOj)i. yellow needles, m.p. 144®. For the prepa¬ 
ration of phenanthrene from cruae anthracene, see Anschutz, Ann. 196, 34; 
Wens^ Ber., 19, 761. 

ALKYLATED PHENANTHRENES: 


1- Methyl-phenanthrenem.p. 118' 

2- “ m.p. 66 

3- m.p. 63 

4- '' m.p. 60 


method (8) {Haworth, J. 1932, 1126). 


9- 


m.p. 91®; method (7) {Windaus, Ber. 57, 1871). 


4-Methyl-phenanthrene has also been obtained by the dehydrogenation of podo- 
carpio acid (Radcliffe^. 1931, 2293), and 9-methyl-phenanthrene by the degra¬ 
dation of colchicine {Windaus, Nachr. Ges. Wiss. Gottingen, 1923, 17; C. 1923, 
ni,674). 

It is to be noted that the syntheses of 3,6- and 4,5-dimethyl-phenanthrene are 
unsuccessful because of a wandering of the methyl group dunng dehydrogenation 
with selenium from position 6 to 8 {Haworth, J. 1934,464). 
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l ,2-Diinethyl-phenanthreiie. 

1.3- 

1.4- 

1.5- 

1 . 6 - 

1.7- 

1 . 8 - 

1.9- 

2.3- 

2.4- 

2.5- 

2 . 6 - 

2,7- 

2.9- 
3,4- 
3,6- 

9.10- 


M.p. 

Method 



143® 

(«) 

{Haworth, 

J. 1934, 454). 

76® 

(«) 

(< 

it it it 

77® 

(5) 

{Bardhan, 

J. 1932, 2520). 

58® 

(«) 

{Haworth, 

loc. cit.). 

88® 

m 

tt 

it it 

86® 

m 

{Bardhan, 

loc. cit,). 

192® 

(« 


88® 

(«) 



66® 

(S) 



111® 

{8) 



47® 

34® 

(«) 

w 

' {Haworth, 

loc. cit.) 

102® 

(« 



57® 

(8) 



63® 

(8) 



141® 

(5) 



139® 

(See 

{Pschorr, 

Ber. 39, 31 


below) ZinckCf Ann. 362, 250). 


The following have been obtained: 1,2-Dimeihylphenanthrene by dehydro¬ 
genation of the follicular hormone dicarboxylic acid, and aetiobilianic acid 
{Butenandtf Ber. 66,601) • 1,7-dimethyIphenanthrene, pimanthrene, by dehydro¬ 
genation of the resin acid from maiiila. 9,10-Dimetnylphenanthrene by reduc¬ 
tion of 9,10-dimethyl-9,10-dihydro^dihydrophcnanthrene (p. 675) with hydri- 
odic acid and phosphorus (Pschorr, Ber. 39, 3110; Zincke, Ann. 362, 260). For 
trimethylphenanthrenes see Rvzicka, Helv. 13, 1402; 14, 233; Haworth^ J. 1932, 
2248. 9,10-Diphenylphenanthrene, Ci 4 H 8 (CeH 6 ) 2 , na.p. 236®. is obtained syn¬ 
thetically by the action of aluminium chloride on tetraphenylethjrlene (p. 574) 
(BiliZj Ber. 38, 203). Jt is also formed by a remarkable atomic migration by the 
reduction of benzoyl-phenyl-fluorene (p. 680) with hydriodic acid and phosphorus, 
a reaction which corresponds to the formation of tetraphonyl-ethylene from /9- 
benzpinacoline {Werner^ Ber. 37, 2887): 



HALO GENO -PHEN ANTHRENES. When chlorine acts on phenanthrene sub¬ 
stitution products are formed. 9,10-Dichloro-, and 2,9,10-trichloro-phenan- 
threnes, CfiiHgCh and C^HtCU, m.p. 161® and 145® {Schmidt^ Ber. 39,3891). The 
latter is also obtained readily from 9,10-phenanthraquinone and phosphorus pen- 
tachloride {Schmidt, Ber. 44, 3248). Octachlorophenanthrene, CHH 2 CI 8 , m.p. 
270-280®, splits up on further chlorination into CeCle and CCI 4 . 9-Chlorophenan- 
threne, m^. 49-53°, is produced by splitting off HCl from 9,10-phenanthrene di¬ 
chloride {Landqvist, Ann. 417, 30). 3-Chlorophenantiirene, m.p. 81°, and 3,10- 
dichlorophenanthrene, m.p. 116®, see Landm’s^, Ann. 369, 116; Nylen, Ber. 53, 
163. Phenanthrene adds on bromine in carbon disulphide forming phenanthrene 
dibromide, which splits off HBr, forming 9-bromophenantlirene, m .p. 63 ®. This 
compound is oxidised by chromic acid to phenanthraquinone, and on further 
bromination gives 4,9-(4,10-)dibromophenanthrene, m.p. 113®. When the latter 
compound is oxidised it gives 4-bromophenanthraguinone {Werner, Ann. 321, 
330; Schmidt, Ber. 37, 3553). For other dibromophenan^enes, see LandmiaU 
Ber. 48, 1146; Hemlock, J. 123, 3097. 

NITROPHENANTHReNES. Three nitrophenanthrenes are formed by nitra¬ 
tion of phenanthrene. One has been shown to be 3-nitrophenanfhrene, m.p. 171 ° 
{Schmidt, Ber. 34, 3532). If nitration is carried out with a mixture of acetic 
anhydride and nitric acid in glacial acetic acid, 9-nitrophenanthrene, m.p. 117®, is 
formed. The same compound is formed by the action of oxides of nitrogen on 
phenanthrene and treatment of the product with sodium ethylate solution 
XSekmidi, Ber. 36, 2508). When 9-nitrophenanthrene is boiled with methyl 
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alcoholic potash, 2 mols. of potassium methylate are added, and phenanthra- 
quinone oxime dimethyl-acetal is first formed, which changes to the isomeric 
phenanthraquinone monoxime 


(C.II 4 ) 



yC-NOK 
(C.H4)< 1 

^CCOCHa)* 


yC=NOH 

(C.HdZ I 

x;o 


(Meisenheimerf Ann. 355, 307). Cf. also the analogous conversion of 7-nitrostil- 
bene (p. 560), 1- and 2-nitronaphthalene (p. 014), and 9-nitroanthracene (p. 
650). 

AMINOPHENANTHRENBS or PHENANTHRYLAMINES can be obtained 
by reduction of the nitrophenanthrenes, and from the phenanthrols by heating 
with ammonium salts. 2-Aminophenanthrene, ChH^NHs, m.p. 85"^; 3-amino- 
phenanthrene, m.p. 87®; 9-aminophenanthrene, m.p. 136®, has also been pre¬ 
pared from the azide of 9-phenanthrene carboxylic acid {Werner^ Ann. 321, 312; 
Schmidt, Her. 34, 1461; Fschorr, Ber. 35, 2726). 9,10-Diaminophenanthrene, 
Ci 4 Hs(NH 2 )*, obtained by reduction of phenanthraquinone dioxide, gives di- 
phenanthrylazine, Ci 4 HgN 2 Ci 4 H 8 , on oxidation in the air {Pachorr, Ber. 35, 
2738). 

PHENANTHRENE SULPHONIC ACIDS. When phenanthrene is sulphon- 
ated, four isomeric acids are obtained: 1-, 2-, 3-, and 9-phenanthrene sulphonic 
acids (1-methyl ester, m.p. 102®; 2-suiphonyl chloride, m.p. 156®; 3-sulphonyl 
chloride, m.p. 108®; 9-sulphonyl chloride, m.p. 125®) (Werner^ Ann. 321, 248; 
Landqvist, Ann. 392, 76; Fieser, Am. 51, 2460). For disulphonic acids, see 
Fipsav loc dt 

HYDROXYPHENANTHRENES, or PHENANTHROLS, are obtained from the 
siilphonic acids or aminophenanthrenes by fusion with potash. Their ethers 
can also be obtained from synthetic phenanthrene-9-carboxyli(* acid, by splitting 
off carbon dioxide. In this way the constitution of the five possible, and known, 
isomerides has been obtained: 


1 - Phenanthrol m.p, 156®; methyl ether m.p. 106® {Fietter, Am. 51,2460). 

2 - m.p. 168®; ' ** m.p. 99® (lFerr/,cr, Ann. 321, 76). 

3- m.p. 124®; ** m.p. 63° (IFerT^cr,/or. c^/.). 

4- m.p. 108®; m.p. 68 ® (Psc/torr, Ber. 33, 1826). 

9- ** m.p. 153®; ** ** m.p. 97^ {Werner, loc. dt.). 

1- and 4-Phenanthrol have also becni obtained by heating the corresponding a- 
naphthyl-paraconic acids {Shoesnnth, J. 1928, 2332). 9-Phenanthrol (“phenan- 
throne”) has been prepar^ by reducing phenathranquinone with hydriodic acid, 
and from phenanthraquinone dichloride, C 14 H 8 OCI 2 . With phenyldiazoniiun 
salts it gives o-benzene-azo-9-phenanthrol, m.p. 165®, which is identiciil with the 
reaction product of phenylhydrazine on phenanthraquinone (p. 675). 2-, 3-, 
and 9-Phenanthrols resemble 2 -naphthol {Werner, Ann. 321, 276; Schmidt. Ber. 
34,1461). 1.2-Dimethylphenantfa^ol-7, m.p. 198®, methyl ether, m.p. 156°, has 
been obtained by dehydrogenation of follicular hormone dicarboxylic acid (Ber. 
66 , 601), and synthetically (Haworth, J. 1934. 864). 3-Phenanthrene-thiol, 
C 14 H 10 S, m.p. 113°, is the reduction product of pnenanthrene-sulphonyl chloride 
with zinc dust (Field, J. 107, 1214). 

Of the aminophenanthrols (Ann. 312, 286, 295) and the dihydroxyphenan- 
threnes, the 9,10-comgounds are the most important. 9 , 10 -Aminohy(iroxy- 

phenanthrene, Ci 2 H 8 <(^^ , obtained by reduction of phenanthraquinone ox- 

^CNH* 

ime, -inline, or phenylhydrazone. It readily passes into phenanthrene-hydro- 
quinone. 9,10-dmydroxyphenanthrene, Ci 4 H 8 (OH) 2 , m.p. 148°. This is best 
prepared by reduction of phenanthraquinone with zinc and glacial acetic acid, or 
with hydrogen sulphide in alcoholic solution, and readily passes again into phen¬ 
anthraquinone. Nitrophenanthrene-hydroquinones have been obtained in a 
similar way (Schmidt, Ber. 35, 3117). For radicals with monovalent oxygen, 
derived from 9,10-phenanthrene-hydroquinone, see Goldschmidt, Ann. 438, 1&)2, 
and the section on free radicals, Vol. lY. 
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DihydroxypbetiMi* 

tbrene 

Compound 

M.p. 

Reference 

Cotn- 

poimd 

M.p. 

1.2- 

1.6- 

1.7- 

2.3- 

2.6- 

2.7- 

3,4. 

3,6- 

3.9- (107) 

9.10- 

178® 

253® 

206® 

159® 

239® 

265® 

143® 

225® 

176® 

148® 

Dimethyl ether 
Dimethyl ether 
Diacetate 
Dimethyl ether 
Dimethyl ether 
Dimethyl ether 
Dimethyl ether 
Dimethyl ether 
Dibenzoate 
Diacetate v I 

102® 

117® 

126® 

131® 

87® 

168® 

44® 

105® 

125® 

202® 

Fieser, Am. 51, 1896. 

Fieser, Bull. Inst. Pin. 1929, sp. no. 108. 
Fieser, Bull. Inst. Pin. 1929, sp. no. 108. 
Mosettig, Am. 52, 2988. 

Fieser, loc, cit, 

Fieser, loc, cit, 

Fieser, Am. 51, 940. 

Fieser, Bull. Inst. Pin, 1929, sp. no. 108. 
Schmidt, Ber. 43, 433. 

Schmidt, Ber. 43, 790. 


3,4-Dihydroxyphenanthrene, morphol, m.p. 143is obtained from 3-phenan- 
throl-4-aldehyde by oxidation with alkaline hydrogen peroxide {Barger^ J. 113, 
218). 3^4-Dimethoxyphenanthrene, dimethylmorphol, is obtained from the 9- 
carbojylic acid (see above), and by methylation of the corresponding mono- 
methyl ether. methylmorphol, CuHgCOHlCOCHi), which is a degradation prod¬ 
uct of the alkaloid codeine (Pschorr, Ber. 33, 1816). For trihydrozyphenan- 
threnes, CiJH7(OH)8, see Bongerichten^ Ber. 39, 1718; Fieaer, Am. 51, 1896. 

PHENANTHRENE CARBOXYLIC ACIDS: The nitriles of these acids are 
obtained by distilling the salts of the sulphonic acids with potassium ferrocyanide: 

1- Cyanophenanthrene m.p. 128"* {Fieaer, Am. 54, 4110). 

2- ** m.p. 105® (Werner^ Ann. 321, 322). 

3- “ m.p. 102® {Werner, loc. cit.) 

9- ** m.p. 104® (Werner, loc, cii,; Mosetiig, Am. 54, 3328). 

The carboxylic acids are obtained from the nitriles, but 9-phenanthrene-car- 
boxylic acid and its substitution products are also obtained synthetically by 
method 4 (p. 669). 

1-Phenanthrene carboxylic acid m.p. 233® {Fieser, Am. 54, 4110). 


2- ** ** m.p. 258® 1 

3- “ ** m.p. 269® 

9- m.p. 250®^ 


{Werner, Ann. 321, 322; Mosettig, 
Am. 62, 3704) 


1-, 2-, 3-. and 4-Methoxyphenanthrene-9-carboxylic acids, CwHgCOCHOCOOH, 
m.p. 216*. 228®, 239®, and 224®, respectively, and 3,4-dimethoxyphenanthrene- 
9-carbo^uc acio, Ci4H7(OCHi)2COOH, m.p. 228®, are obtained from the cor¬ 
responding methoxyamino-a-phenyl-cinnamic acids. They lose carbon dioxide 
on distillation forming the methoxy-phenanthrenes {Pschorr, Ber. 34, 3998). A 
remarkable transformation occurs on heating 6- and 7-methylphenanthrene-9- 
carboxylic acid. They give phenyl-methyl-coumarins {Stoermer, Ann. 409, 26). 
No carbon dioxide is split off when 2- and 3-raethylphenanthrene-9-carboxylic 
acids are heated {Mayer, Ann. 403, 178). 

Phenanthrene^-carboiylic acid is produced with a little -2- and -9-carboxylic 
acid by the action of oxalyl chloride and aluminium chloride on phenanthrene 
(Moaettig, Am. 54, 3328). 2,3- and 3.2-Phenanthrol-carboxylic acids, C14H8- 
(OH)COOH, m.p. 227® (decomp.) and 303® (decomp.), respectively, are ob¬ 
tained by the salicylic acid synthesis from 2- and 3-sodio-phenanthrols by heating 
with carbon dioxide under pressure. They are yellow, and resemble 2,3-naph- 
thol-carboxylic acid (p. 636) {Werner, Ber. 35. 4419). 3,4-Dimetho:^-phenan- 
threne-8-carbo]qrlic acid, m.p. 196®, has been obtained from apomorphin, a trans¬ 
formation product of morphine, by methylation and degradation {Pschorr, Ber. 
40 1998). 

i’HENANTHRENE ALDEHYDES have been prepared by the catalytic reduc¬ 
tion of the acid chlorides. Phenanthrene-2-aldehyde, m.p. 59® {Mosettig, Am. 
55, 2995); -3-aldehyde, m.p. 80®, -9-aldehyde, m.p. 101®. For hydroxyalde- 
h ydeso f phenanthrene, see Mosettig, Am. 55, 2981. 

9YDROPHENANTHRENES are obtained by reduction of phenanthrene with 
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sodium and amyl alcohoL or hydrogen in the presence of finely divided nickel, or 
colloidal platinum or palladium, or by heating with hydrogen iodide and phos¬ 
phorus: 9,10-(me8O-)dihydrophenanthrene, m.p. 35® (Schroeter, Ber, 62, 645). 

l, 2,3,4-Tetrahydrophenanthrene, tetranthrene, CaHut m.p. 33-34®, picrate. 

m. p. Ill® (Schroeter^ Ber. 62, 651). 1-Keto- and 4-ketotetranthrene, m.p. 96® 

and 69®, respectively (Bardlhan, J. 1932, 2520; Schroeter, Ber. 62, 651), are ob¬ 
tained synthetically by method (8)> 1,2,3,4,5,6,7,3-Octahydrophenanthrene, 
octanthrene, m.p. 16.7®, b.p. 168-172® (14 mm.). 1-Keto-octanthrene, m.p. 
81-82® (Schroeier, Ber. 57, 2028). 1,2,3,4,9,10,11,12-Octahydrophenanthrene, 
b.p. 135® (9 mm.), is obtained synthetically by methods (.9) and (10). 1,3- 

Diketo-compound, m.p. 160®, obtained by method (6) (Rabe, Ber. 31, 1896). 
The individuality of hexa-, deca-, dodeca-, and perhydro-phenanthrene, Ci4Hi«, 
CmHjo, ChHss, and C14H24, b.p. 289-290®, 274-275®, 268®, and 266-276®, respec¬ 
tively, is uncertain (Ipaiiev. Ber. 41, ICfoO; Schmidt, Ber. 41, 4225; Breteau, 
C.r. 140, 942; 151, 1368; Schroeter, Ber. 57, 2025). 

Derivatives of 9,10-dihydrophenanthrene are obtained by the action of alkyl- 
and aryl-magnesium halides on phenanthraquinone. 9,10-Dimethyl-, -diethyl-, 

y'C(OIl)R 

and -diphenyl-9,lO-dihydroxy-dihydrophenanthrenes, (C«H4)2< I , m.p. 

\C(OH)R' 

164®, 122®, and 179®, respectively. They are reduced by hydriodic acid and 
phosphorus to 9,10-dialkyl-phenantlirenes (^672), and are oxidised by chromic 

acid to (i,o'-diacyl-diphenylenes, (C*H4)a<f . The original glycols and their 

^COR 

stereoisomeric forms are regained by reduction. Heating with dehydrating 
agents results in a pinacoline transformation, giving 10,10-dialkyl-phenanthrones, 
yC=0 

(C6H4)2<f I . 10,10-Dimethyl-, -diethyl-, and -diphenylphenanthrone, m.p. 

75®, 65®, and 198® (Zincke, Ann. 362,242; TTerner, Ber. 37,2887; Acree, Amer. 
Chem. J. 33, 180). 

9,10-Phenanthraquinone, (C6H4)*(CO)2, m.p. 208®, is an orange-yellow sub¬ 
stance, forming needle-shaped crystals, which distil imchanged. It is obtained 
by the action of chromic acid on phenanthrene in glacial acetic acid, or heating 
with chromic acid mixture. It dissolves readily in hot alcohol, ether, and ben¬ 
zene, and slightly in water. Its dark ^en solution in concentrated sulphuric 
acid precipitates phenanthraquinone again on addition of water. If benzene con¬ 
taining tmophene, and sulphuric acid are added to a solution of phenanthraquinone 
in glacial acetic acid, a bluish-green colour is formed. In its reactions, phenan¬ 
thraquinone resembles 1,2-naphthaquinone closely. It has no odour, is not vola¬ 
tile in steam, combines with one or two molecules of hydroxylamine, and with 
hydrocyanic acid, and is reduced by sulphurous acid. Comparison of the dyeing 
properties of phenanthraquinone derivatives with the corresponding anthraqui- 
none derivatives shows that dyes obtained from the former are better and faster 
(Brass, Z. angew. Chem, 37, 67). 

Phenanthraquinone-monoxime, CuHgOCNOH), golden-yellow needles, m.p. 
158®, isomerises on heating with glacial acetic acid and hydrochloric acid to 130®, 
with formation of diphenimide (p. 506) (Wigerhoff, Ber. 21, 2356). 


C1H4—C=NOH 

A,H4—i==o 


C,H4—COs 

o.H4--c(y 


The dioxime forms an anhydride, CmH <> , m.p. 181®, a furazane deriva¬ 
tive. The monophenylhydrazone of phenantliraquinone is identical with 9,10- 

✓C 'OH 

benzene-azo-phenanthrol (C*H4)i<C || (p. 673). The acyl-phenyl- 

^CJ ‘NiNCgHg 

hydrazones, obtained by the action of os-acetyl- and -benzoyl-phenyl-hydrazine 
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with phenanthraquinoneSy pass spontaneously into the isomeric 0>a^I-compounds 
of d,10-benzene-azo-phenanthrol with a migration of the acyl radical (Auwers^ 
Ann, 378, 211) {cf, tne analogous behaviour of 1,2-naphthaquinones, p, 631). 

Phenanthraquinone, being an o-diketone, reacts witn o-diamines giving phen- 
azine derivatives, and with o-aminophenol to give phenoxazines. For its conden¬ 
sation with acetoacetic ester, and acetone, see Japp, J. 61,1; Wadsworth, J. 61, 
105. Phenanthraquinone is oxidised to oiphenic acid by chromic acid mixture, 
or boiling with alcoholic potash. When heated with soda-lime diphenylene- 
ketone (p. 681), fluorene (p. 678), and diphenyl are formed. When boiled with 
aqueous caustic soda, dipnenylene-glycolic acid (p. 682), fluorene-alcohol, (p. 
680), and diphenylene-ketone are formed, and when distilled with zinc dust, 
phenanthrene is obtained. 

It is reduced by sulphurous acid, or hydrogen sulphide to phenanthrene-hydro- 
quinone (p. 673), and by hydriodic acid and phosphorus to phenanthrone (p. 
673). With hydriodic acid and phosphorus in glacial acetic acid, phenanthrene- 
hydroquinone monoacetate, m.p. 78^, is formed {Japp, J. 63, 774 ; 71, 1116). 
Mixtures of phenanthraquinone and aldehydes give acidyl-phenan^ene-hydro- 
quinone in sunlight {Klinger, Ann. 249, 137). It can condense with phenols to 
give phenozyphenanthrene-hydroquinones (Ger. Pat. 109,344). 

Bromine adds on to phenanthraquinone at low temperatures, forming ChHs- 
OiBrj {Schmidt, Ber. 37, 3556). At 100®, substitution products are obtained: 

2- , and 3-bromo- and 2,7-dibromophenanthraauinone, m.p. 234®, 269®, and 323®; 

3- and 4-bromophenanthraquinone, m.p. 269® and 126®, are obtained by oxida¬ 
tion of 3,9- and 4,9-dibromophenanthrene, with chromic acid, and 2-chloropheii- 
anthraquinone, m.p. 253®, is obtained similarly from 2,9,10-trichlorophenan- 
threne {Schmidt, Ber. 39, 3893 ; 43, 430 ; 44, 3421). 

When phenanthraquinone is heated with nitric acid, 2- and 4-nitrophenanthra- 
quinone, Ci4H7(NOa)Oj, m.p. 260® and 177®, respectively, are obtained if the 
action is short. If it is more energetic, 2,7- and 4,6-dinitrophenanthraqtiinone, 
Ci4 H«(N02)202, m.p. 300-303® and 228®, respectively, are obtained. 3-Nitro- 
phenanthraquinone, m.p. 275®, is obtained from 9-bromophenanthrene (p. 672), 
and from 9,10-diacetaminophenanthrene with nitric acid {Schmidt, Ber. 41,3679). 
Oxidation of the nitrophenanthraquinones with chromic acid mixture gives nitro- 
diphenic acids (p. 506). Aminophenanthraquinones are formed by reduction and 
from these hydroxy-phenanthraquinones can be obtained {Schmidt, Ber. 36,3726; 
Brass, Ber. 55. 541). These hydroxy-compounds can also be obtained by oxida¬ 
tion of the acylated phenanthrols with chromic acid. 1-Hydroxy-phenanthraqui- 
none, Ci4H7(OH)Oj, m.p. 227°, is obtained from o-methoxybenzil by treatment 
with aluminium chloride (Ber. 63, 2613; Fieser, Am. 51, 2460). 2-Hydroxy- 
phenanthraquinone, m.p. 283®, violet-black needles. 3-Hydroxyphenanthraqui- 
none, needles similar to alizarin, m.p. 330® (decomp.), sublimes. 4-Hydroxy- 
phenanthraquinone, a red powder, m.p. 285® {Schmidt, Ber. 44, 740). 3,4- 
Dihydroi^phenanthraquinone, morpholquinone, Ci4H«(0H)?02, (diacetate, 
m.p. 196®), is obtained from 3-hydroxyphenaiithraquinone, through the nitro- 
and amino-compounds {Schmidt, Ber. 41, 3696). For further dihydroxyphenan- 
thraquinonqs see Schmidt, Ber. 56, 1331; Bra^s, Ber. 57, 128; Fieser, Bull. Inst. 
Pin. 1929, sp. no. 108. 

1- and 3-Pheiianthraquinone sulphonic acids. Ci4H702SOgH, are obtained from 
tKe corresponding phenanthrene sulphonic? acids by oxidation with chromic acid 
{Wemer, Ann. 321, 339; Fieser, Am. 51, 2460). 

Besides 9,10-phenanthraquinone 1,2-, 1,4-, and 3,4^henanthraquinone8, 
m.jp. 222®, 156®, and 133®,^ respectively, are also known. They are obtained by 
oxidation of the corresponding aminophenanthrols with chromic acid {Fieser, Am. 
51, 940, 1896, 2460). 1^4,9,lO-Phenanthrene-diquinone is obtained by oxida¬ 
tion of 1,4-phenanthraquinone with lead tetracetate. It is very unstable {Brass, 
Ber. 57,133). The lichen dye telephoric acid, is a derivative of 1.4,7-trihydroxy- 
9,10-phenanthraquinone-6-carbo37lic acid, with a side-chain in tne 2-position. 

Reten^ or l-mefhyl-7-i8opropyl-phenanthrene, CHi^CmHs* 01117, m.p. 98®, 
b.p. 394®, is a homolo^e of phenanthrene. It is found in pine tar, and in 
some natural resins. anoT is separated from their highest boiling fractions. It is 
produced by distillation of abietic acid (which is to be regarded as decahydroretene 
carboxylic acid; RvzichiL Helv. 15, 1289) with sulimur {Vesterherg, Ber. 36, 
4200; Fieser, Bull. Inst. Pin. 1929, sp. no. 108). Picrate, m.p. 127®. 
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For the synthesis of retene, see Haworth, J. 1932, 1784; Bardfian, J. 1932, 2798. 
When oxidised with chromic acid in glacial acetic acid it gives retene-qtiinone, 
CiiHieOs, m.p. 197®, which is completely analogous in its properties to phenan- 
thraquinone. With caustic soda it forms retene-diphenic acid^ CieHieCCOOH)^, 
and retene-glycolic acid, CiiHi6C(OH)-COOH. Oxidation with permanganate 
gives rctene-ketone, CHi[l]CJIi;;^~^^C«Hil7]C3H7, 7-hydroxy-isopropyl-di- 

phenylene-ketone-1-carboxylic acid, and diphenylene-ketone-l,7-dicarboxylic 
acid. The latter is further converted into a mixture of 1,2,3- and 1,2,4-benzene- 
tricarboxylic acids. 7-Hydroxy-isopropyl-diphenylene-ketone-l-carboxylic acid 
can be broken down to p-isopropyldiphenyl, by treatment with caustic potash, 
reduction with hydriodic acid, and removal of the carboxyl group. In this way, 
the positions of the side-chains in retene can be determined (Sticker, Am. 32,374). 
By the action of oxalyl chloride and aluminium chloride on retene, a-retene- 
carboxyUc acid is formed. It can also be obtained by oxidation of acetyl-retene 
(Bogert, Proc. Nat. Acad. Sci. 18, 417). For monosubstitution products of 
retene, see Komppa, Am. 52, 5009; Fiener, Am. 53, 4120. Derivatives of di- 
hydroretene, see Komppa, Am. 54, ^00. When retene is heated with hydriodic 
acid and phosphorus to 250®, dodecahydroretene, ^^dehydrofichtelite,’’ CisHto> 
an oil, b.p. 336®, is formed (Udl, Ber. 22, 498; Bamberger, Ber. 22, 635; lAeber- 
mann, Ber, 22, 780; Spiegel, Ber. 22, 3369). 


5. FLUORENE GROUP 

Fluorene is related to phenanthrene. Just as phenanthrene may 
be regarded as a '-ethylene derivative of diphenyl, fluorene 

can be regarded as the o,o'-methylene derivative of it, and may also be 
regarded as diphenylenemethane. On the other hand, like indene, it 
can be regarded as a condensed cyclopentadiene derivative. Fluorene 
also bears some relationship to diphenylene sulphide, diphenylene 
oxide, and diphenylene imide or carbazol, the dibenzo-derivative of 
thiophene, furan, and pyrrole: 



Fluorene Diphenvlene Diphenylene Diphenylene 

oxide sulphide imide 


General methods of formation: 1, By ptissing the vapour of diphenylmethane 
through a red-hot tube: 




When diphenyl-o-carboxylic acid or its salts are heated, fluorenone is 
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formed, and this can easily be reduced to fluorene. Conversely, if fluorenone is 
fused with alkali the acid is formed: 


C6H4COOH 



S. The diazonium compound of o-amino*benzophenone gives fluorenone, with 
evolution of nitrogen (Grctebe^ Ber. 29, 836; Ullmann, Ber. 31,1694; method 
4 under phenanthrene, p. 669): 


C.H4—NjOH CiHs 


C,H4-C.H4 

\co/ 


4» Phenanthraquinone (p. 676) gives fluorenone when treated with oxidising 
agents: 


C 4 H 4 — CO 



Fluorene, CwHio, diphenylene-methane, m.p. 113®, b.p. 295® (picrate, m.p. 
81®), forms colourless needles with a blue fluorescence. It is found in coal-tar 
(in the fraction boiling at 270-300®). It forms a sodium salt (CeHi)*: CHNa on 
heating with sodium, or better with sodamide to 120-160®. By means of this 
compound it can be separated from other hydrocarbons in coal-tar (Weiasgerber, 
Ber. 41, 2913). Fluorene is obtained by pyrolysis of diphenylmethane. It can 
also be prepared by reduction of fluorenone with zinc dust or hydriodic acid and 
phosphorus at 160®. It is oxidised by chromic acid back to fluorenone. The 
nydrogen atoms of the CHj group in fluorene are, to some extent, mobile, as they 
are in cyclopentadiene and indene. When heated with caustic potash and benzyl 
chloride, dihenzyl-fluorene, (C6H4)aC(CHtCeH6)i, m.p. 148®j is formed. Fluo¬ 
rene condenses with benzaldehyde, cinnamaldenyde, eto., in the presence of 
sodium ethylate, forming benzylidene-fiuorene, (CeH4)iC:CHC6H6, m.p. 76®, 
and cinnamylidene-filuorene, (C5H4)iC:CH*CH:CHC«H6, m.p. 154®. Unlike 
the fulvenes these compounds are colourless or only slightly coloured. With 
acetaldehyde in pyridine it forms dehydro-ethylidene-bis-fluorene, (C6H4)2C:- 
C(CH|) •CH(C6H4)a, in yellow crystals, which are unaffected by permanganate. 
If this compound is treated with zinc dust in glacial acetic acid, colourless ethyli- 
dene-bts-fluorene, m.p. 262-263®, is formed. This is converted again into the 
dehydro-compound by atmospheric oxygen {Pummerer^ Ber. 4(^ 2386). Fluorene 
combines with ethyl oxalate forming fluorene oxalic ester, ((J4H4)2CHC0C00- 
CaHi, m.p. 75®, and with ethyl formate to give formyl-fluorene or diphenylene- 
acetaldehyde, (C6H4)2CH-CH0, m.p. about 70® {Wislicenaa, Ber. 43, 2719). 
With amyl nitrite and ethyl nitrate under the influence of alcohol-free potassium 
ethylat^ fluorene ^ves fluorenone-oxime, (C6H4)2C;NOH, and 9-nitrofluorene, 
(CiH4)20HNOt, which, like phenylnitromethane (p. 256) exists in an acid, alkali- 
soluble oci-form, m.p. 135®, and a neutral form insoluble in alkali, m.p. 182® 
( Thiele, Ann. 347,290; Ber. 33,862; Wialicenua, Ber. 41,3334). The power of 
fluorene to enter mto condensations is increased by the introduction of halogen 
or nitro-^oups (Siegliiz, Ber. 53, 1232; Loevenich, J. pr. [2], 116, 326). 

Reduction of fluorene with hydriodic acid and phosphorus, or hydrogen and 
nickel, gives rise to perhydrofluorene, CitH22, b.p. 266-268®, 0220.9203 {Spiegel, 
Ber. 42, 920; Ipatiev, Ber. 42, 2093). It is interesting to note that a hexa- 
hydrofluorene, CfisHie, can be obtained by extraction of coal with benzene, or dis¬ 
tillation in vacuo {Pictet. Ber. 44. 2486). If l-bem^l-cyclohexanol is heated 
with phosphorus pentoxiae, a hezanydrofluorene, CiiHis, b.p. 137® (15 mm.), is 
obtained which, however, cannot be converted into fluorene by dehydrogenation 
{Cook, J. 1933, 1098). 

bromination of fluorene in boiling chloroform, 2,7-dibromofluorene, 
CtfHsBrs, m.p. 164®, and 2,6(?),7-tribromofluorcne, CitHrBrs, m.p. 200®, are 
form^ {Schmidt, Ber. 38, 3764). In the cold 2-bromofluorene, m.p. 111.5®. 
is produced {Courtot, Bull. (4), 41, 58). 
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On chlorination, fluorene rives 2-chlorofluorene and 2,7-dichlorofittorene 
(Buffle, Helv, 15, 1485). 2-Cnloro£Luoren6, m.p, 9S\ is obtained from the 2- 
amino-compound through the diazonium compound (Courtot, Bull. [4], 41, 68; 
C.r. 184. 1179). 9-Chlorofluorene, CuHsCl, m.p. 90^. is obtained by the action 
of phosphorus pentachloride on fluorene alcohol (p. 680) (Werner^ Ber. 37, 2896). 
2^7,9,9'Tetracnlorofluorene is obtained by the action of phosphorus pentachlo- 
ride on fluorene-2,7-disulphonic acid (Courtot, C.r. 178, 2259). 2>IoaofLuorene, 
m.p. 128®, is obtained from 2-'amino-fluorene (Chanvssot^ Bull. [4], 41, 1626; 
Courtot, Ann. chim. [10], 14, 6). 

Nitration of fluorene in glacial acetic acid gives rise to 2>nitrofluorene, CitHf 
NO 2 , m.p. 158®, which can be converted by the usual methods into 2-amino-, 
-diazo-j and -hydrozy-fluorene, and 2-flaorenyl-hydrazine. By nitration of 
acetaminofluorene, 2,7- and 2,1-aminomtroflttorene, m.p. 232® and 206® (corr.). 
are obtained, which give 2,7- and 2,l-diaminofluoren6, m.p. 164® and 193*^ 
(corr.) (Dielsf Ber. 34,1768; 35, 3284). 9-Aminofluorene, m.p. 62®, is obtained 
by the reduction of fluorenone-oxime, (Schmidt, Ber. 41, 1243; Kuhn, Ber. 58, 
1436; Ber. 59, 634). 

2,5- and 2,7-Dinitrofluorene, m.p. 207® and 334®, respectively, are obtained 
by nitration of 2-nitrofluorene. From these, 2,6- and 2,7-diaxninonuorene, m.p. 
176® and 165®, respectively, are obtained (Morgan, J. 1926, 2691; Courtot, Ann. 
chim. [10]^ 14, 5). 2,9-Dinitrofluorene, m.p. 136®, white crystals, is obtained 
by the action of nitric acid on 9-nitrofluorene or 9-fluorene oxalic ester (Wish- 
cenus, Ann. 436, 4). 4-Nitrofluorene, see Courtot, loc, cit. 3-Nitro£Loorene, 
m.p. 105®, has been obtained through the 2-amino-^-nitro compound (Bardout, 
An. asoc. quim. Argentina 19, 117; C. 1932,1, 941). 

By the action of chlorosulphonic acid on fluorene, fluorene-2-sulphonic acid, 
m.p. 154-155®. is formed. With more energetic treatment, fluorene-2,7-di^- 
phonic acid is ootained. This acid has also been obtained, together with two iso¬ 
meric disulphonic acids, by sulphonation of fluorene with cone, sulphuric acid 
(Schmidt, Ann. 390, 217; Courtot, C.r. 178, 2259). 

For nitro- and amino-fluorene sulphonic acids, see Courtot, Ann. chim. [10], 
14, 6. For arsenic acids of the fluorene series, see Morgan, J. 1932, 1634. For 
free radicals, with fluorenyl groups, see Vol. Iv. 

Retene -fluorene, 1 -methyl -7 -isopropy 1-dipheny lene-methane, 

(CH,)CeH,v 

I /CH 2 , m.p. 97®, is obtained from its ketone by distillation with zinc 
fC,H7)C«H/ 
dust. 

9-Phenyl-fluorene, jihenyl-diphenylene-methan^ (C 6 H 4 ) 2 CHCeH 5 , m.i). 146®, 
is obtained (f) from triphenylchloromethane, (Cells)|C1. or potassium triphenyl 
methane (p. 525) by heating; (2) by distilling triphenylcarbinol with crystalline 
phosphoric acid (Kliegl, Ber. 38, 284); (3) from fluorene alcohol, benzene, and 
sulphuric acid (Henriot, Bull. [3]. 1, 774); ( 4 ) from 9-chlorofluorene, benzene, 
ana aluminium chloride; (o) from nydrofluoranic acid (p. 544) by distillation with 
soda-lime,and (6) by reduction of 9-phenylfluorenol, phenyl>diphenylene carbinol, 
CeH«v XyH. 

, m.p. 107®. The latter, an analogue of triphenylcarbinol (p. 

528), is obtained from fluorenone by the action of phenyl magnesium bromide, or 
by the oxidation of 9-phenylfluorene with chromic acid. It gives highly coloui^ 
double salts, and a highly coloured perchlorate. It condenses with anilme hydro¬ 
chloride to p-amino-diphenyl-fluorene, or p-amino-diphenyl-diphenylene- 
methane, (Cen 4 ) 2 C(C 2 H 5 )CeH 4 NH 2 , m.p. 179®, and with phenol and sulphuric 
acid to give p-hydrozy-diphenyl-fiuorene, m.p. 191® (Ultmann, Ber. 37, 73). 
By the action of phosphorus pentachloride, acetyl chloride, or gaseous hydrojsen 
chloride, it rives 9-phenyl-9-chloroflttorene. (C 6 H 4 ) 2 CClCtHs, m.p. 79®, which, 
like tripnenyl-chloromethane, is characterised by the mobility of its chlorine atom. 
When neatM witheopper powder in benzene solution it rives dtohenyl-bifluorene, 
dibiphenylene-diphenylethane, (C€H4)2(C«H4)C-C(CjB[ft)(CjS4)2, m.p. 264®, 
which is analogous in structure to hexajphenylethane. but is considerably more 
stable. It forms colourless crystals, which in the cold give a colourless solution, 
but on warming, the solution becomes dark-brown owing to partial decomposition 
into two mols. of phenyl-fluorenyl, diphenylene-phenylmethyl, (CiH 4 )iC(CtHi) 
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(Vol. IV). In the air it slowly passes into the peroxide, m .p. 193^, with absorption 
of oxygen. Even more stable is dibiphenyiyl>bifluorene, or dibiphenylene- 
dibiphenylylethane, {C6H4)2(CeH,.Cai4)C-C(deH4-C6H5)(C6H4)«,m.p. 176% ob- 
tained from 9-bipheiiylyl-9-chlorofluorene, (C6H4)2CC1C«H4*Cells, m.p. 139®. 
It undergoes slight dissociation in boiling anisole (Vol. IV), and is unaffected by 
oxygen in solution or in the solid state (ScMenk, Ann. 372, 21; Ber. 43, 1753). 
9,9-Diphenylfluorene^ (C6H4)2C(C6H5)2, m.p. 222®, is obtained from diphenyl- 
monobiphenylyl-carbinol (Ufimann, Ber. 38, 4105). 

D^henylmethyl-fluorene , diphenylene-^iphenylethane, (CeHe) iCH • CH- 
(CellOe, m^. 217®, and diphenylmethylene-fluorene, diphenylene-diphenyl- 
ethylene, (C36H4)iC:C(CeHe)2, m.p. 229°, are obtain^ by decomposition of 

vCeHi) 2 • C • CO'. 

diphenyleneniiphenyl-succinic anhydride, I yO, m.p, 256®, one of 

(04114)2 * 0 * CO^ 

the products of the action of cold cone, sulphuric acid on benzilic acid (p. 556). 
Diphenylene-diphenylethylene is also obtained by heating benzophenone chloride 
with fluorene. It forms colourless crystals, which dissolve to give a deep yellow 
solution. By careful oxidation of diphenylene-diphenylethylene with chromic 
acid, a pinacoline transformation takes place with the pmacone first formed, and 
9.9*Denzoyl>phenyl-fiuorene, (04X14)20(C«H6)COC6H6, m.p. 172®. is obtained. 
This compound can also be obtained from potassium triphenvlmetnane or potas¬ 
sium 9-pnenyl-fluorene by the action of benzoyl chloride, and is decomposed into 
9-phenyl-fluorene and benzoic acid by alcoholic potash. When benzoyl-phenyl- 
fluorene is reduced with hydriodic acid and phosphorus an inverse pinacoline 
transformation occurs and ring extension, and 9,10-diphenylphenanthrene (p. 
672) is formed {Wemer, Ber. 37, 2887). 

Dibiphenylene-ethane, (C4H4)2CH-CH(C4H4)2, colourless needles, m.p. 246®, 
is obtained together with dibiphenylene-ethylene, or bifluorene, (04X14)20:- 
C(CeH4)2f m.p. 188®, by heating fluorene with lead oxide. Bifluorene is also ob¬ 
tain^ by heating fluorene with bromine, chlorine, or sulphur, and by the action of 
methyl alcoholic potash on 9-bromofluorene {Thiele, Ann. 376, 271), and by the 
action of copper powder on fluorenone dichloride (Ber, 43, 1796) or bifiuorenyl 
disulphide {Bergvmnn, Ann. 483, 79). It forms beautiful red needles, and gives 
a colourless addition product with bromine, which when heated with sodium in 
j^lene re-forms the red hydrocarbon {Graehe, Ber. 25,3146; Ann. 290, 238; 291, 
1). ^ In connection with the colour of highly condensed hydrocarbons, the follow¬ 
ing is of interest: 


C4H4V VC4H5 

Tetraphenylethylene 
(p. 674): colourless 


C,Il4v /C.H4 C,H,\ /C,H. 

A.H.XA.n. 


Dibiphenylene-ethylene; 
red needles 


Diphenylene-diphenyl- 
etnylene; colourless; 
yellow in solution 


Cf, also the yellow colour of acenaphthylene, and the red colour of diphenylful- 
vene. 

Fluorene-alcohol, fluorenol. (C6H4)2CHOH, m.p. 168®, is obtained by the ac¬ 
tion of sodium amalgam on the ketone, and from sodium diphenylene-glycollate 
on heating to 120®. It can also be obtained by the action of potassium ethylate 
and copper at 200-240® on 9-bromofluorene. 2-Hydroxyfluorene, m.p. 138®, is 
formed from 2-bromofluorene in the same way {Wieland, Ann. 443,132; 457,249). 
Retene-, chrysene-, and picene-fluorene-alcohol, m.p. 134®, 167®, and 230*®, re¬ 
spectively, are obtained in the same way. Fluorene-ether, [(C4H4)2CH]20, 
m.p. 228®, is obtained from 9-chlorofluorene and silver oxide {Kliegl, Ber. 43, 
2490). Ethyl- and benzyl-fluorenol, (€4114)20(OH)R, m.p. 101® and 139®, re¬ 
spectively, are obtained from fluorenone by the action of the corresponding alkyl 
magnesium halides {Ullmann, Ber. 38, 4105). 

Dibenzofulvene, biphenylene-ethylene, 9-methylene-fluorene, m.p. 53®, is ob¬ 
tained by removal of water from 9-methyl-fluorenol, from (fluorenyf-9-methyl-)- 
methane by distillation with calcium oxide, or from dibromo-biphenylyl-ethylene 
and zinc. It is very unstable, and readily polymerises when expos^ to ught. 
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Remarkably enough. 2,7-dibromodibenzofulvene is more stable, and co-methyl- 
2,7'dibromodibenzofulvene can be kept indefinitely (Sieglitz, Ber. 55,2032; TTie- 
laridf Ber. 55, 3313; Ferrer^ An. soc. espan. fis. quim. 20, 469; C. 1923, III, 
1161). The dibromide of dibenzofulvene gives dibiphenylcne-butadiene, bi- 
dibenzofulvene, with dimethylaniline {Wielaridy Ann. 443, 138). 

2- Acetyl-fluorene, m.p. 132®, is obtained by the action of acetyl chloride and 
aluminium chloride on fluorene at 0®; at 20-25® the product is 2,7-diacetyl- 
fiuorene, m.p. 182-184®, crystallising in bright yellow needles, together with some 

l, 2-diacetyl-fluorene, m.p. 188°. If the reaction temperature is further in¬ 
creased, the only product is the 1,2-compound {Dziewomki^ Bull. acad. polon. 
sci. Jett. 1930, 629; Roc. Chem. 12, 167). 

Fluorenone, diphenylene-ketone, (C6JFl4)iCO, m.p. 84®, b.p, 341°j is obtained 
from diphenic acid, isodiphenic acid, and o-diphenyl-carboxylic acid (pp. ^5, 
506) by heating with lime. It is also obtained by treating fluorene with sodium 
dichromate and glacial acetic acid, and by heating phenanthraquinone with soda- 
lime {Anschutz j Ann. 196, 45; Graebe, Ann. 279, 257; Huntress, Am. 53, 2720). 
It can also be obtained by boiling the diazonium compound of o-amino-benzo- 
phenone (p. 678) with water. Some of the substituted fluorenones are obtained 
by the same method (Staedel, Her. 28, 111; Ulhnann, Ber. 31, 1694). When oxi¬ 
dised with permanganate phthalic acid is formed, and o-phenyl-benzoic acid is 
produced when fluorenone is fused with alkali. Oxime, (C6H4)aC:NOH, m.p. 
193°; phonyIhydrazonc, m.p. 151® (Kirp, Ber. 29. 230; Goldschmidt, Mo. 16, 
807). Fluorenone dichloride, (C6ll4)2CCl2, m.p. 99 , is obtained by the action of 
phosphorus pcntachloride on fluorenone (Schmidt, Ber. 43, 1796). 

3- Methyl-fluorenone, m.p. 68®, is obtained by the action of nitrous acid on o- 
aminophenyl-p-tolvl ketone. On reduction it gives 3-methyl-fluorene, m.p. 88° 
(Sieglitz, Ber. 54, 2070). 

Fluorenone gives a loose addition product, (C6ll4)2CO • NOsH, with concentrated 
nitric acid in the cold. This readily breaks down again into its components. 
With energetic nitration 2,7-dinitro- and 2,4,7-trinitro-fluorenone, m.p. 290® and 
181®, are formed (Schmidt, Ber. 38, 3758; Bell, J. 1928, 1990). With fuming 
nitric acid and sulphuric acid, 2,3,6,7-tetranitro-fluoreiione, m.p. 248®, is formed. 
2,5-Dinitro-fluorenone, m.p. 241°, is formed by the oxidation of 2»5-dinitro- 
fluorene with chromic acid. i-1 

Hydroxy-fluorenone. 1-hydroxy-diphcnylene ketone, C®HafOH) •CO*C6H4, 

m. p. 116®, is obtainea, together with xanthone, by boiling the diazonium com¬ 

pound of o-diamino-benzophenone with water (Heyl, Ber. 31, 3034), and from 

1-amino-fluorenone, m.p. 110®, which is obtained by the action of potassium 
hypobromite on fluorenone-l-carboxylaraide (Goldschmidt. Mo. 23 , 886). 1- 

Hydroxy-fluorenone forms yellowish- or dark-red alkali salts, which have weak 
^eing properties. It is converted into o-phenyl-salicylic acid, CsHBCfHjfOH)- 
efOOH, by fusion with alkali (p. 504), and this substance condenses again to 
hydroxy-cfiphenylene-ketone wh<m treated with concentrated sulphuric acid 
(Staedel, Ber. 28, 112). The isomeric 4-hydroiy-fluorenone, m.p. 249°, is ob¬ 
tained from 4-amino-fluorenone, m.p. 138®, which is itself obtainea by the action 
of bromine and caustic*, potash t>n. fluorenone-4-carboxylic amide. When 4- 
aminofluorenone is fused with alkali it is (*o»iverted into phenaiithridone. Phenan- 
thridone is also formed by the Beckmann transformation from the oxime of 
fluorenone by heating with zinc chloride (Kirp, Ber. 29, 230): 


C,H,(NH5)—CO—C,H. -> CO—(;,H« d:,!!. - C:(NOH) 

4-Amino-fluorenone Fhenanthridone Fiuorenone-orime 

2-Amino-fluorenone, m.p. 163®, is obtained from 2-nitro-fluorenoxie, m.p. 222- 
223°, the oxidation product of 2-nitro-fluorene (p. 679), by reduction with am¬ 
monium sulphide. On diazotisation it gives 2-hydro3^-fluorenone, m.p. 210- 
211° (Diels, Ber. 34, 1764). S-Hydroxy-fluorenone, m.p. 229° is obtained from 

3-hydro3y-nuorenone-4-carboxylic acid (obtained synthetically) by splitting off 
carbon aioxide. 3-Amino-fluorenone, m.p. 158°, is obtain^ from 3-mtro- 
flttorenone, m.p. 232°. Diaminu-fluorenones are obtained by reduction of the 
corresponding nitro-fluorenones. 2,3-Diamino-fluorenone, m.p. 185®, 2,5- and 



682 


FLUORENE GROUP 


2,7*diainiiio-flttoreiione8, m.p, 260-261®, and above 300®, respectively {Courtot^ 
Aim. chim. JIOJ, 14, 6; Bardo^U, An. asoo. quim. Argentina 19, 117). For 
chloro-and bromo-fluorenones, see Courtoi, Ann. chim. [10], 14, 5; Bull. [4], 
41, 68; C.r. 184, 1179. 

Carbosnrtic acids: 9-(m«-)-Fluorene-carboxylic acid, diphenylene-acetic acid, 
(CeHiijsCHCOOH, m.p. 222-226®, is obtained by reducing diphenylene-glycolic 
acid with hydriodic acid and phosphorus, and by the action of benzene and alumin¬ 
ium ohloride on ethyl trichloroacetate {ueUicre^ Bull. [3], 27, 876). It is also ob¬ 
tained by the action of benzene and aluminium chloride on benzilic acid, and from 
benzoyl chloride, benzene, and aluminium chloride by isomerisation {Vorldnder^ 
Ber. 44, 2466 ; 46, 1793). Solutions of its salts decompose giving fluorene, and, 
in the presence of air, fluorenone (TFisfteenies, Ber. 46, 2770). Fluorene-9- 
carboxylic ester is a useful starting material for the preparation of 9-sul3stituted 
fluorenes. It forms a compound with sodium, which readily reacts with alkyl 
halides, and by subsequent decarboxylation the 9-alkyl-fluorenes are obtained. 
Fluorene-9-carboxylic ethyl ester, m.p. 44-45®; 9-allyl-fluorene, an oil, b^. 176- 
176® (16 mm.); 9-benzyl-fluorene, m.p. 134-135®, etc., see Wialicenus, Ber. 46, 
2772. 

9-(ms-)-Hydroiqr-fluorene carboxylic acid, diphenylene-glycolic acid, (C6H4)i- 
C(OH)COOH, m.p. 167®, is obtained by oxidising sodium diphenylene-acetate, 
or by boiling phenanthraquinone with caustic soda. It undergoes a similar trans¬ 
formation as the conversion of benzil into benzilic acid (p. 556), or of 1,2-naphtha- 
quinones into hydroxy-indene carboxylic acids (p. 631) 


C.H5CO H,0 C«H5v C*H 4-C0 h *0 C.H4^ 

>C(OH)COOH 


C^HsCO 




. - _'^•ri4v 

1 -► I ^C(OH)COOH 

^4114—00 O0U4 


The acid is oxidised by chromic acid to fluorenone. Analogous acids are ob¬ 
tained from retene- and chrysene-quinones (p. 694), and other substituted phen- 
anthraquinones (Schmidt, Ber. 38. 3737). -Hydroxyfluorene carboxylic acid 

condenses with phenols and phenolic ethers in the presence of stannic chloride in 
just the same way as benzilic acid (p. 656), giving substituted fluorene-phenyl 
carboxylic acids (Bistrzyeki, Ber. 43, 2496). It forms fluorenechlorocar- 
boxylic acid cUoride, m.p. 112®, with phosphorus pentachloride, which, on 
treatment with zinc filings in ether solution gives diphenylene-ketene, (C4H4)sC: 
CO, in golden yellow spangles, m.p. 90® (Staudinger, Ber. 39, 3062). 

Fluorene-2-carbo]i7lic acid, m.p. 260® (decomp.), is obtained by the action of 
sodium amalgam and ethyl chlorocarbonate on 2-Womofluorene (Loevenich, J. pr. 
(2), 127, 248). Fluorene-3-carboxylic acid, m.p. 283-286®, is obtained by oxida¬ 
tion of 3-methyl-fluorene (Sieglitz, Ber. 54, 2070). 

Fluorene-ox^c acid, (C«H4)2CII*COCOOH 4* II2O, m.p. 150-151® breaks 
down on heating into carbon monoxide, carbon dioxide, and fluorene. Its ester, 
which is obtained from fluorene, ethyl oxalate^ and sodium (p. 678), gives with 
sodium alcoholates and methyl iodide or ethyl iodide, methyl- and ethyl-fluorene 
oxalic ester; by hydrolysis of the latter 9-methyl-fluorene, (C6H4)2CHCHi, m.p. 
46-47®, and 9-ethyl-fluorene, (C6H4)2CHC2H8, m.p. 108®, b.p. 166® (13 mm.), 
are obtained (Wielicenua, Ber. 35, 769). TheJ preparation of 9-alkyl-fluorenes 
from fluorene-oxalic ester is not very satisfactory, as part of the initial substance 
is always converted into fluorene. Fluorene-oxalic ester gives fluorene-hydroxy- 
acetic acid when reduced by Clemmensen's method, and with sodium amal¬ 
gam it gives fluorene-hydro:igracetic-e8ter, m.p. 81-82*, from which, by hydroly¬ 
sis and dehydration, dibenzofulvene-carboxylic acid,(C*H4)20=CH—COOH, 
m.p. 227-228®, is produced (Sieglitz, Ber. 54, 2133). 

f%r\ COOH 


m.p. 192- 


Fluorenone-carbojylic acids: 1- or a-acid, | j 

193®, is obtained by oxidation of fluoranthene (p. 689) with chromic acid (Gold* 
schmidt, Mo. 23, 8^), by heating isodiphenic acid with concentrated sulphuric 
acid, or from 2'-aminobenz(mhenone-2-carboxylic acid by the action of nitrous 
add (Meyer, Ber. 54, 347; Sieglitz, Ber. 57, 316). When reduced with sodium 
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amalgam it rives L-fli>orene-carboxylic acid, 6«H4CHa • ^eHt • COOH, m.p. 245^, 
which gives fluorene when distilled with lime. The keto-acid gives isodiphenic 
acid when fused with alkali, and duorenone when heated with Ume. 4-, 7 -, or 
I—CO —I I 

HOCO 

reconverted into the latter by fusion with alkali {Graehe, Ber. 20 , 846; Ann. 247, 
261). It can also be obtained together with o-benzoyl-fluorenone, m.p. 95®, by 
treating diphenic anhydride with aluminitim chloride and benzene {G6lz^ Mo. 23, 
27). 


o-acid 




-, m.p. 227®, is obtained by heating diphenic acid, and it is 


HOCO 


Fluorenone-l,7-dicarboxylic acid, ■■■ j " -j- ^ ■■■ | ^ C OOH, is obtained by the 

action of permanganate on retene-quinone. It is a yellow powder which decom¬ 
poses at 270® into carbon dioxide and iluorenone-2-carboxylic acid, m.p. 275®. On 
distillation with lime it gives diphenyl, and when its silver salt is heated it gives 
fluorenone. Further oxidation with permanganate gives a mixture of 1,2,3- and 
1,2,4-benzene-tricarboxylic acids (Bamberger, Ann. 229, 158; F'orlner, Mo. 25, 
443; Bucher, Am. 32, 374). 

■ I—CO—I I 

3 -Hydroxyfluorenone- 2 -carbo 3 iylic acid,—j--- j— J.-COOH, m.p, 278®, 

is obtained synthetically by the action of caustic potash on indandione-methyl- 
eneacctoacotic ester (p. 599) (Errera, Gazz. 35, II, 539). 


Because of their close relationship to fluorene, chrysofluorene and 
picene-fluorene will now be considered. They are related to 
chrysene (p. 692) and picene (p. 702) in the same way as fluorene is to 
phenanthrene. They are to be regarded as 0 , 0 '-methylene deriva¬ 
tives of 2-phenyl-naphthyl and 2,2'-dinaphthyl, respectively. They 
can also be called phenylene-naphthylene-methane and dinaphthyl- 
ene-methane, respectively. They are formed by methods which 
correspond to those for fluorene, 

1 , 2 -Benzofluorene, chrysofluorene, (I), m.p. 188®, is obtained by reduction of 

1 , 2 -benzofluorenone (Graehe, Ann. 335, 134) or by passing the vapour of benzyl- 
naphthalene through a red-hot tube (Graebe, Ber. 27, 953). An obvious synthesis 
starts with 3-/9-phenylethylindene, which gives tetrahydrochrysofluorene with 
aluminium chloride, and gives chrysofluorene on dehydrogenation with selenium. 



1. 2 - B 6 nzofluorenone, chrysoketon^ (HI), na.P; 132.5®, is obtained by distilla¬ 
tion of chrysoquinone writh litharge (Bamberger, Ber. 23, 2439), and synthetically 
from o-l-naphthoyl-aniline (II) by ooiling the diazo-compound (Ber. 29, 826). 

2.3- Benzofiuorene (VI), m.p. is obtained by reducii^ 1 , 2 -beiizoflttore- 
none (V) (Thiele, Ann. 375, 276). This ketone, m.p. 152®, is obtoined by con¬ 
densation of a-hydrindone (IV) with phthalaldehyde (Thiele, Aim. 369, 287), 

2,3-Benzofluoren6 can also be obtained by the action of aluminium chloride on 
7 -fluoryl- 2 -butyric acid, wdth subsequent reduction and dehydrogenation 
(Koelech, Am. 55, 3885). 
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(IV) (V) (VI) 


3,4-Benzofluorenone (IX), m.p. 161®, is obtained by decarboxylating 3^4- 
benzofluorenone-1-carboxylic acid (VIII), which is obtained from the anhydride 
of l-phenyl-naphthalene-2,3-dicarboxylic acid (VII) by treatment with alumin¬ 
ium chloride (^ScJiaarschmidl^ Ber. 48, 1826 ; 49, 1444). 


O CO 



(VII) (VIII) (IX) 


For 9-phenyl-l,2- and -3,4-benzofluorene and their derivative's, see Ber. 63, 
515 

2'l'-Naphtho-l,2-fluorene (X), m.p. 327-328®, is oxidised to 2',1'-naphtho- 

l, 2-nttorenone, m.p. 207-208°, and 2',l'-naphtho-1.2-fluorenone-quinone (XI), 

m. p. 340-350® (Cook, J. 1934, 1727). 1',2'-Naphtho-3,4-fluorenc (II) is of 

interest because it probably has the skeleton of the structure of a hydrocarbon 
Cj 6 H 24 , which is obtained -by the dehydrogenation of cholesterol by selenium 
(Cook, J. 1934, 1727). 



(X) (XI) (XII) 


Of the seven possible isomeric dibenzofluorenes, C 21 H 14 , three are known. 
Picene-fiuorene, m^. 306°, is obtained by the action of hydriodic acid at 160- 
176° on its ketone (Bamberger, Ann. 284,70.) Two isomeric dibenzo-fluorenes aro 
obtained by dehydrating 1,1'- and 2,2'-dinaphthyl-carbinol (p. 639). Their 
m.p.'s are & 6 ° and 186°, respectively (Schmidlin, Ber. 43, 2832; Tshitshihahin, 
J, Russ. Phys.-Chem. Soc* 46, 1389). The constitution of the first as 1 ,2,7,8- 
dibenzofluorene is the only one known with certainty (XIII). 
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6. ACENAPHTHENE GROUP 

Acenaphthene, or pen-ethylene-naphthalene, is a condensed 
system in which a naphthalene nucleus is fused with a hydrogenated 
five-membered ring in the pm-position. It melts at 95°, and boils at 
277°, and is found in coal-tar. It is produced by pyrogenic con- 

densation of l«ethylnaphthalene, or a mixture of naphthalene and 
ethylene, or by the action of alcoholic alkali on 1-bromoethylnaph- 
thalene, CioH 7 .CH 2 .CH 2 Br. Another synthesis starts with naphtha¬ 
lene which is condensed with oxalyl chloride by Friedel-Crafts method, 
to acenaphthaquinone-1,2. Acenaphthane is obtained from this by 
reduction of the semicarbazone {Schdnherg^ Ber. 54, 2838). The 
position of the ethylene group in the 1,8-position is proved by the 
oxidation of the compound to naphthalic acid (p. 637). 

Substitution takes place in the acenaphthene molecule most readily in the 5- and 
6 -positions. In unsubstituted acenaphthene these positions are equivalent. The 
constitution of acenaphthene derivatives is obtained by converting them into the 
corresponding substitution products of naphthalic acid. By the action of chlorine 
or bromine on acenaphthene, 5-chloroacenaphthene, m.p. 70®, and 5-bromo- 
acenaphthene, m.p. 52® arc obtained, together with tetrabromoacenaphthene, 
m.p. 169-170*^ (Cromptm, J. 101, 958; de Fazi Atti. r. accad. Lincei (51, 32, I, 
843). 3-Ch!oroacenaphthene, m.p. 76-77®, 3-Dromoacenaphthene, m.p. 78®. 3- 
iodoacenaphthene, m.p. 87®, are obtained from 3-aminoacenaphthene (see 
below) {Morgan J. Soc. Chem. Ind. London 49, Trans. 413). 

Nitration leads to 5-nitroacenaphthene, m.p. 104®, and in the absence of water 
to 3-nitroacenaphihene, m.p. 151®. On reduction these pass into 5-aminoace- 
naphthene. m.p. 108®, and 3-aminoacenaphthene, m.p. 81® {Moraan, J, Soc. 
Chem. Ind. London, 47, 16). 1-Aminoacenaphthene, m.p. 135®, has been ob¬ 
tained by reduction of 1-accnaphthenone-o.xime. 4-Ammoacenaphthene, m.p. 
89®, see Morgan^ J. Soc. Chem. Ind. London 44, 493. On energetic nitration of 
acenaphthene, 5,6-dinitroacenaphthene, m.p. 2^-224®, is obtained. When re¬ 
duced it gives 5,6-diaminoacenaphthene, m.p. 160®. 4,5-Diaminoacenaphihene, 
see Meyer^ Ber. 44, 2858. 

Sulphonation of acenaphthene at low temperatures leads to acenaphthene-5- 
sulphonic acicL and at higher temperatures the S-sulphonic acid is obtained 
{Dziewonski^ Bull. acad. polon. sci. lettres 1926, 209). Acenaphthene-4-snl- 
phonic acid is also known {Dziev^onski, Bull. acad. polon. sci. lettres 1926, 
347). 

Acenaphthenol-l, m.p. 148®, is obtained by oxidation of acen^mbthcne with 
lead dioxide, or by reduction of acenaphthenone-1 {q,v,) {Tamhor, Helv. 9, 463). 
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It readily splits off water and passes into acenaphthylene (g,v.) . Acenaphthenol- 
3, m.p. 151®, see Morgan, J. Soc. Chem. Ind. London 49, 413. 

Hydrogenation of acenaphthene with nickel and hydrogen leads to a mixture of 
tetrahydroacenaphthene, or tetraphthene, b.p. 240®, and decahydroacenaphthene, 
b.p, ^6® (Goswami, C.r. 179, 1269). 

Oxidation of acenaphthene gives small quantities of acenaphthene-quinone-1,2, 
m.p. 261 which is readily obtained by condensation of oxalyl chloride and naph¬ 
thalene with aluminium chloride (Schdnberg, Ber. 54, 2838). For homologous 
acenaphthene-quinones, see Lesser, Ber. 60, 242. The 1,2-quinone is reduced 
by zinc dust in glacial acetic acid to acenaphthenone-1, m.p. 121®. which can 
also be obtained from 1-naphthylacetyl chloride and aluminium chloride (Ger. 
Pat. 230,237). With alkali it passes into naphthaldehydic acid (Graehe, Ann. 
276, 13; Berend, Ber. 32, 2103; Ger. Pat. 212,858): 




\co 




CHO /CH(OH) 

or CtoHtC So 
COOH \CO 

Naphthaldehydic acid 


Ji. XXV XXAVXXVAXXXXV VX C»WXXCII|^J I W XtVXXV—X^XXXXXVXXV, V VrjL-X./ , XXX ,^ » xxvd , glVv^w 

naphthalimide on undergoing the Beckmann transformation {Francesconi, Gazz. 
33, I, 36). 

Acenaphthene-quinone readily combines with aromatic hydrocarbons, amines, 
and phenols in the presence of condensing agents such as aluminium chloride or 

✓CO 

zinc chloride, to give diaryl-acenaphthenones of the formula, CioHs^^ 

✓CO 

(Zmffa, Ber. 43, 2915). 1,1-Diphenyl-acenaphthenone, CioHeC^^_, m.p. 

174®, is obtained from 1,2-diphenyl-acenaphthene-glycol: 


"C(R), 




C,oH( 


OH 

I—CiH, 

C,H, 

I 

OH 


m.p. 156®, the reaction product of phenyl magnesium bromide and acenaphthene- 
qumone, after undergoing the pinacoline transformation in the presence of con¬ 
centrate hydrochloric acid. Acenaphthene-quinone condenses with indoxyl 
and thio-indoxyl to give a violet and red vat dye (*'Ciba scarlet"), respectively 
(Grob, Ber. 41, 3331; Ger. Pati 212,870): 



✓COv yCO 


When reduced with hydriodic acid and phosphorus, acenaphthene-quinone-1,2 
gives biacenaphthylidene-dione, biacendione, (Ci8HeO)s: 



m.p. 293®, orange-red needles (Graebe, Ann. 276, 17). It is also obtained by re¬ 
moving hydrobromio acid from bromoacenaphthenone, or by condensation of ace- 
naphthenone with acenaphthene-quinone in the presence of alkalis ((haehe, Ann. 
200,201: Oer. Pat. 212.870). Biacenone, m.p. 258®, golden-jyellow needles, the 
ketone of the parent hydrocarbon, biacene, is cmtained by boiling acenaphthylene 
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bromide with hydrochloric acid {Dziewonaki, Ber. 58, 2542). With zinc dust and 
acetic anhydride, both ketones give the hydrocarbon biacene, which crystallises 
in golden-yellow tablets, melting at 271-273®. 

If acenaphthene vapour is passed over red-hot lead oxide, or finely divided 
nickel, it is dehydrogenated, and acenaphthylene is formed: 



It forms yellow tablets, m.p. 92®, b.p. 270® (decomp.). When oxidised with 
chromic acid it breaks down to naphthalic acid (Graebe, Ber. 26, 2364). The 
most convenient method of preparing acenaphthylene is by passing acenaphthene 
vapour through a red-hot quartz tube {Dziewonski^ Ber. 45, 2493). For a syn¬ 
thesis of substituted acenaphthylenes see Thiele^ Ann, 369, 157. 

Acenaphthylene^ like indene, shows a tendency towards pol 3 rmerisation. When 
placed in sunlight it passes, in the course of a few days, into two colourless dimers, 
which are apparently cia-irans isomeric dinaphthylene-cyclobutanes. 


CH—CH— ^ 

They are called a-heptacyclene and /9-heptacyclene, m.p. 307®, and 232-234®, re¬ 
spectively {Dziewonski^ Ber. 45, 2491; 46, 1986). When reduced with hydriodic 
acid and phosphorus with heptacydenes give 1,1 '-biacenaphthyl, or n-dinaphthyl- 
ene-butane: 



m.p. 120® (Dziewonaki, Ber. 47, 2685). A different type of polymerisation is 
shown by acenaphthylene with hydrochloric acid in glacial acetic acid. It forms 
diacenaphthylidene: 





in golden-yellow leaflets, m.p. 277®, and higher polymers. On reduction it 
passes into dinaphthylene-butane (Dolidski, Ber. 48, 1917). On heating ace¬ 
naphthylene to 100®, a mixture of highly polymerised hydrocarbons is formed. 
If heated to 280-290®, two crystalline substances can be isolated from the reaction 
mixture, one being decacyclene, or trinaphthylene-benzene (I), m.p. 387®, and 
the other fiuorocyclene, m.p. 395-396® (II) (Dziewonski Ber. 36, 962; 47,1679), 
which can also be obtained by the oxidation of acenaphthene with lead dioxide 
(Ber. 58, 729). For hydro-, hydroxy- and sulphonic aerivatives of decacyclene, 
see Dziewonski, Bull. acad. polon. sci. lettres 1923, 17, 166; von Braun, Ber. 
67, 214. 
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Other multiiiuclear systems are formed as by-products iu the pyrogenic conver¬ 
sion of acenaphthene into acenaphthylene. Rhodacene, CsoHi* (possibly la), 
m.p. 338-340^; leucacene, C 64 Hj 2 , m.p. 250® (formula TIa?), ana chalkacene. 
CtoHie, m.p. 358-360® (formula Illar) have been isolated. Leucacene and 
rhodacene are partially converted into chalkacene on heating. At the same time, 
other polyacenaphthylenes, such as chromacene are formed. These hydrocarbons 
are generally highly coloured. 



(la) (Ilia) 


- vly 

If a five-membered ring is attached to the naphthalene nucleus in 
the 1,2- or 2,3-position, 4,5- or 5,6-benzohydrmdene (I, II, below) 
is formed, 4,5-Benzohydrindene, CisHu (I), b.p. 146° (6 mm.) is 
obtained by the reduction of 4,5-ben2ohydrindone-3, m.p. 103°, 
which can be prepared from j8-2-naphthylpropionic acid and stannic 



(I) (ID 


chloride (Mayer, Ber. 55, 1855; Kon, J, 1933, 1081; Cook, J. 1933, 
1098). Derivatives of 5,6-,and 4,5-benzindandione-l,3 have also 
been obtained by the condensation of naphthalene with dimethyl- 
and diethyl-malonyl chloride and aluminium chloride (Freund, Ann. 
373, 299; 399, 190; 402, 54). If tetraline is used in place of naph¬ 
thalene, the correspon^ng tetrahydro-derivatives are obtained 
(Fleischer, Ber. S3, 931). 

By attaching the five-membered rin§ in the pen-position of pen-benzonaph- 
thalene, pen-benzoacenaphthene (III) is fonnea. 



(HI) (IV) 


It was formerly known as peri-aoenaphthindane. Derivatives of this hydrocar¬ 
bon are known, and have been obtainra by condensation of dimethyl- and diethyl- 
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malonyl chloride with acenaphthene. 2,2'-Dieth7l-dMiydro-peri>beiizoaeenaph- 
thene•4ione-1^3' (IV) has been obtained in this way. When treated with 
hydriodic acid and phosphorus, 2,2'-diethyl-dihy(lro-peri>benzoacenaphtheiie, 
m.p. 93-95®, is obtained (Freund, Ann. 373, 323 ; 399, 191; 402, 70; Fleischer, 
Ber. 53, 931). 


h‘n-Hy drindanthracene, 



iCHj 

ICHa 


, m.p. 242-243®, is obtained by 


reducing hydrindanthraquinone, m.p. 180-181®, with zinc and ammonia. The 
latter is obtained from hydrindoyl-benzoic acid, together with an isomeric hydrin- 
danthraquinone, by the action of concentrated sulphuric acid. Hydrindoyl- 
benzoic acid has l>^n obtained from hydrindene and pbthalic anhydride (von 
Braun, Ber. 53, 1165). 

An acenaphtnene with an attached seven-membered ring has been obtained 
from jS-(5-acenaphthoyl)-propionic acid by heating with aluminium chloride and 
sodium chloride, and subsequent reduction by Cleihmensen's method of the dike¬ 
tone produced intermediately (Fieeer, Am. 54, 4347). 




.CUr 



^CIl2' 


(I) 



yhiU 



Acenaphthanthracene (II), m.p. 192®, yellow tablets, has been obtmned from 
4-acenaphthyl-phenylmethane-2'-carboxylic acid by condensation with zinc 
chloride and reduction of the anthrone produced (Cook, J. 1930, 1087). 

A tetracyclic compound composed of three benzene rings and a five-membered 
ring is fluoranthene or idryl (III), which is found in the highest boiling fraction 
of coal-tar. 


/Ll 12\ 


I. ll i 

(III) 


Fluoranthene, CieHio, m.p. 110®, b.p. 250® (60 mm.), picrate, m.p. 185®, has 
been obtained synthetically from /5-9-fluorenyl-propionyl chloride. This com¬ 
pound is converted into 4-keto-l,2,3,4-tetrahydrofluoranthene, m.p. 98®. by 
aluminium chloride, and this gives 1,2,3.4-tetrahydrofluoranthene after Ciem- 
mensen reduction. On dehydrogenation tnis gives fluoranthene. This synthesis 
confirms the constitution of fluoranthene (von Braun, Ber. 62, 145). For the 
spectrochejnistry of fluoranthene, see Auwers, Ann. 443, 187. 

Fluoranthene is oxidised by chromic acid to 3,4-fiuoranthene-quinone, CieHsOs, 
m.p. 188®, which on further oxidation is converted into fluorenone-1-carboxylic 
acid (Fiitig, Ann. 200, 1; Mayer, Ber. 46, 2579). By reduction of fluoranthene 
with sodium amalgam, or synthetically 1,2,3,4-tetrahydrQfluoranthene, CkHu, 
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m.p. 74^, id formed. With sodium in axi^l alcohol, fluoranthene gives 1,2,3,4,9,- 
10,ll,12,13,14-decahydrofluoranthene,CfiiHso,b.p. 181-183^ (12 mm.), and with 
hydrogen and nickel under pressure, perhydronuoranthene, C 16 H 26 , b.p. 168-170^ 
(12 mm.) (von Braun, Ber. 63, 2610). 

Monosul^titution takes place in fluoranthene at positions 4 and 12. 4- 
Bromofluoranthene, m.p. lOS"*; 4-aminofluoranihene, m.p. 111-112"; 12- 

aminofluoranthene, m.p. 168-169"; 4>hydroxyfluoranthene, m.ij. 186-187"; 
fiuoraiifliene-12-carboxylic acid, m.p. 1^-185". For other derivatives, see 
von Braun, Ann. 488, 111; 496, 170. 


1,2-Cyclopeiiteiiophenanthrene, CnHu, m.p. 135°, picrate, m.p. 
136°, is important because of the existence of a similar skeleton in the 
sterols. 



The synthesis starts from naphthyl-ethyl magnesium chloride, which reacts 
with cyclopentanone. King closure is effected with sulphuric acid, which also 
brings about simultaneous dehydrogenation to 1,2-cyclopentenophenanthrene 
(Ruzicka, Helv. 16, 833; Kon, J. 1933,1081; Cook, J. 1933, 1098). 7-Methoxy- 
cyclopentenophenanthrene, m.p. 136-137", picrate, m.p. 137", has been od- 
tained by dehydrogenation of derivatives of the follicular normone, and also i^n- 
thetically (Cohen, J. 1934, 653). The three methyl derivatives with the CHt 
group in the five-membered ring have also been synthesised. They are a- 
methyl- and /S-methyl-cyclopentenophenanthrene, m.p. 76-77", and 107®, re¬ 
spectively (Km, J. 1933, 1081; Cook, J. 1933, 1098) and y-methyl-cyclopenteno- 
pnenantmene, m.p. 124-125®, picrate m.p. 119-120® (Ber. 66, 1302). The lat¬ 
ter can also be obtained by de%drogenation of sterols, bile acids, cardiac poisons, 
and the neutral sapogenins, by selenium. 

Benzdiindene is the name given to the tri-cyclic combination of a benzene 
nucleus with two cyclopentene nuclei. The name indacene has also been pro¬ 
posed for this compound (III). Dimethyl-indacene-dicarboxylic acid (IV) is ob¬ 
tained from m-xylylene-diacetoacetic ester and 80 per cent su^huric acid. 
Tetraketohydrindacene-dicarboiylic ester, ROOCCH(CO) 2 : Celia: (CO) 2 CH- 
COOR, is obtained from ethyl pyromellitate, ethyl acetate and sodium (Ephraim, 
Ber. 34^ 3779), Other derivatives of indacene have been obtained from nydrin- 
dene, diethyl-malonyl chloride, and aluminium chloride (Freund, Ann. 414, 20). 

Derivatives of benztrihydrindene (V) are also known: 



(Freund, Ann. 414, 35). 

Condensed systems with two six- and two five-membered rings can be obtained 
from tetraline, or better from tetrahydroacenaphthene and diethyl-malonyl 
chloride. The hydrocarbons are obtained from the ketones thus produced by 
Otemmensen reduction. 2,2-Diefliyl-(tetrahydroacenaphfh-)a, jS-hydrindene, 
b.p. 180-196* (16nun.) (I): 
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If the attachment of the second five-membered ring is in the p^rf-position, the 
ring system of pyracene (II) is produced. 

l^acene-hemiquinone, m.p. 226°, a derivative of this hydrocarbon, has been 
obtained from acenaphthene, oxalyl chloride and aluminium chloride (Fleiacher, 
Ber. 53, 926). 

Diphensuccindene (III) is a condensed system of two indene molecules {Brandy 
Ber. 55, 601). 

Diphensuccindan, m.p. 210°. is obtained from diphen8uccindan(lione-9,12 
by replacing the o^gen with chlorine and reducing vith zinc dust. Diphensuc- 
cindandione-9,12 is obtained by condensation of diphenylsuccinic acid with 
concentrated sulphuric acid (Reirner, Ber. 14, 1806; Roser, Ann. 247, 153); 



For further derivatives of diphensuccindene, sec Brand, J. pr. 110, 1-26; Ber. 59, 
1962. 

Phthalacene C 2 iHi 6 , m.p. 173° (IV) is formed by the reduction of phthalacon- 
carboxylic acid ester vith hydriodic acid and phosphorus. The ester referred 
to is obtained by condensation of phthalic anhyaride and acetoacetic ester (Ber. 
17. 1389; Errera, Gazz. 37, II, 624; 38, II. 588). Isophthalacene, CuHis (V), 
yellow leaflets, m.p. 222°, and derivatives oi pht^laconcarboxylic acid are dealt 
with in the same papers. 



Wlien fluorene is submitted to pyrogenic distillation through a quartz tube 
lined with copper or iron wire, biphenylene-phenanthrene (q.v.), rubicen^ m.p. 
306°, and dihydrorubicene, m.p. 296°, are formed (Dziewonaki, C. 1923,1, 528; 
Pummerer, Ber. 45, 294; Dziewonski, Ber. 58, 2544; Schlenkj Ber. 61 j 1676) • 
Rubicene can also be obtained by heating fluorenone with calcium hydnde. It 
forms fiery red needles, with an intense yellow fluorescence. The proof of the 
structure of rubicene (ll) follows from its preparation from 9.10-diphenyl-9.10- 
dihydro79,10-dihydroxy--anthracene-l,6-dicarboxylic lactone (I) by distillation 
with zinc dust in a current of carbon dioxide. Carbon dioxide is ^lit off and 
disproportionation takes place (SchoU, Ber. 65, 926). For derivatives of rubi* 
cene, see Dziewonski, C. 1923. I, 528. 
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Dioenzrubicene (III), dark-brown needles, is also known. It is obtained by a 
similar method to rubicene from the dilactone of 9,10-di-a-naphthyl-9,10- 
dihydroxy-9,10-dihydroanthracene-l,5-dicarboxylic acid (Scholl^ Ber. 67, 1232). 

5,6-Cyclopenteno-l,2-benzanthracene (IV), m.p. 200°, picrate, m.p. 195°, is 
obtained by the condensation of hydrindene, 2-methyl-l-naphthoyl chloride and 
aluminium cliloride. The ketone thus obtained is heated to 450°. An isomeric 
hydrocarbon, probably 6,7-cyclopenteno-l,2-benzanthracene (V) is formed at 
the same time. 



It melts at 164-165°, picrate m.p. 180°. 6,6-Cyclopenteno-l,2-benzanthracene 
is carcinogenic and inauces sexual characteristics in female rats from which the 
ovaries have been removed {Cook, J. 1931, 409, 2529; N. 21 , 222; further con¬ 
densed systems with the same action are also cited). 

Phenanthro-acenaphthene (VI), m.p. 231-232°, has been obtained from 5- 
(2-methyl-naphthoyI-l)-acenaphthene by heating to 430-450°. The derivative 
referred to is itself obtained from acenaphthene, 2-methyl-l-naphthoyl chloride 
and ahuninium chloride {Cook, J. 1931, 499). 


7. CONDENSED AROMATIC SYSTEMS WITH MORE THAN 
THREE SIX-MEMBERED RINGS 

(a) Systems with Four Rings 

Aromatic ring ssrstems with four condensed benzene nuclei, such as 
chrysene and pyrene, are found in the highest boiling fractions of 
coal-tar, but are largely made synthetically. The constitution of 
these substances is arrived at from their oxidation products, where the 
synthesis itself is not conclusive. 

Chi^sene, or 1,2-benzphenanthrene, CtsHu, ni.p. 251°, b.p. 
448°, in the pure state forms silver-white leaflets with a violet fluores¬ 
cence. In iJie impure state it is yellow in colour; hence the name 
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4^piiTfo^ « golden yellow. The impurity which imparte this yellow 
colour to chrysene can easily be removed by treating the substance 
with maleic anhydride, with which chrysene itself does not combine 
(Ctor, Ber. 65, 1411). Chrysene is found in the highest boiling frac¬ 
tions of coal-tar, and is also obtained by the dehydrogenation of sterols 
with palladium, carbon, selenium, or zinc dust (Dielsy Ber. 60, 140; 
RavdnitZy Ber. 66, 879; Dielsy Ann. 459, 1). The distribution of the 
double bonds in the molecule follow^s from the optical properties of the 
hydrocarbon, and from the fact the maleic anhydride will not combine 
with it: 







Chrysene has been obtained synthetically from phenyl-naphthyl-ethane, 
CdIbCHa-CHjCioHT, just as phenanthrene is obtained from dibenzyl (p. 668), 
and from coumarone and naphthalene. It is obtained in good yield by heating 
indciie (p. 590) (Spilker, Ber. 26, 1544). A very interesting synthesis starts from 
l-nitronaphthyl-2-«-cinnamie acid (I), which is converted into chrysene-1- 
carboxylic acid (II), m.p. 222-223®, through the amino-compound, diazotisation, 
and treatment of the diazo-compound with copper powder. Distillation of the 
acid (II) gives the hydrocarbon (Weitzenhdck^ Mo. 33, 549): 



Another synthesis start,s from <y,a'-dihydro-/3,i3'-diphenyl-muconic acid (HI), 
m.p. 297®, which, on treatment with acetic anhydride and some sulphuric acid, 
gives the diacetyl derivative of 2 , 8 -dihydrozychi 78 ene fIV), m.p. 246®. Chry¬ 
sene is readily obtained from this compound with zinc dust. 


OOOH 



OH 



A diketone (VI), m.p. 295®. is obtained from diphenyl-adipyl chloride by intra¬ 
molecular Fri^el-Craits syntnesis: 



694 


SYSTEMS WITH FOUR RINGS 


COCl 




When this is reduced with hydriodic acid and phosphorus, a partly hydrogenated 
hydrocarbon is formed, which is converted into chrysene by passing over lead 
oxide {von Braun, Ber, 64, 2461). 

Another synthesis of wide application depends on the condensation of /3- 
(naphthyl-l-)ethyl bromide with cyclohexanone-o-carboxylie ester. The keto- 
ester (I) which is formed is cyclisea by sulphuric acid (II), and the reaction 
product is dehydrogenated by selenium or palladiniscd-charcoal. 


COOR 



CH2CH2 



For substituted chrysenes, see Abegg, Ber. 24, 949. 

When chrysene is catalytically hydrogenated with nickel and hydrogen under 
pressure, dodecahydrochrysene (III), m.p. 65-57®, b.p. 224-226®, is formed. 





n 


(V) 


If the hydrogenation is carried out with selenium or sulphur, octahydrochrysene 

(IV) , m.p. 138-140®, picrate m.p. 136-139® is formed, and by more energetic 
hydrogenation hexadecahydrocl^sene (V), b.p. 168® (0.6 mm.), an oil, is formed. 

When chr^ne is warmed with chromic acid in glacial acetic acid, chrysene- 
^none, Ci AtfOs, is formed in red needles, m.p. 235® (I). When this compound 
is distilled with lead oxide it is converted into chxysene-ketone, CnHioO, Which 
can be reduced to chrysofluorene (q.v.). 

When boiled with permans^nat^ both chrysene-quinone and chrysene-ketone 
rive diphthalylic acid, CC)OH-C 6 H 4 -COCO*CiH 4 -uOOH (see p. 570). When 
heated with s^a-lime or caustic potash and lead dioxide, chrysene-quinone gives 
ehrysenic acid (II), or 2-phenyl-l-naphthoic acid (p. 636), which gives 2- 
phenyl-naphthalene by loss of carbon dioxide (III) {Bamberger, Ber. 26, 1745). 
Chrysene-quinone ozhne (IV), m.p. 161®. gives at 100®^ two isomeric amides 

(V) , m.p. 220® and 276®, respectively, which, on hydrolysis give chrysodiphenic 
acid (VI), m.p. 199®. 
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(I) (II) (III) 


The diphenamiue-acids (p. 506) are converted by sodium hypochlorite into a- and 
^-naphthanthridones (Vll, VIII), m.p. 332° and 338° {Uraehe^ Ann. 311, 257; 
335, 124; Pschorr^ Ber. 35, 2744). Oxidation of 2,8-dihydroxychrysene gives 
amp^f-clirysene-quinone-2,8, m.p. 288-290°. 8-Hydrozy-l,2-chr78ene- 
quinone, see Bischke^ Ann. 384, 174. 




(VII) (VIII) 

a-Naphthanthridone ^-Naphthantbridone 


(Zm-)2,3-Benzanthracene9 or naphthacene (III), m.p. 335®, is 
orange in colour, and is obtained from its oxygen-containing deriva¬ 
tives, hydroxy- and dihydroxy-naphthacene-quinone by distillation 
with zinc dust. In comparison with anthracene it shows a greater 
tendency to pass into the stage of dihydronaphthacene. 

Dihydroi^aphthacene-quinone, (II), m.p. 347°, forms red leaflets, and is ob¬ 
tained from ‘'ethine-diphthalyr' (I) (pp. 587, 600) by treatment with sodium 



(III) 
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methoxide, and by oxidation of diketohydrindene (p. 599) with potassium sul¬ 
phate. When oxidised with nitric acid it forms naphthacene-diquinone, m.p. 
133which very readily passes into dihydroxynaphthacene-quinone. When the 
latter is reduced with hyariodic acid and phosphorus, dihydronaphthacene (IV), 
CisHii, m.p. 207°, is formed, and this, when oxidised which chromic acid gives 
naphthacene-quinone (V), (2,3-benzanthraquinone) m.p. 204° {Gabriel. Ber. 31, 
1272; 33, 446). 


O 




When phthalic anhydride is condensed with 1-naphthol and 1-hydroxy-naphthoyl- 
o-benzoic acid by means of boric acid and sulphuric acid, 10 -hydroz 3 maphthacene- 
quinone, m.p. 303°, is formed, which readily passes into the above-mentioned 
dihydroxynaphthacene-quinone on oxidation, and breaks down to naphthacene 
and dihydronaphthacene on reduction {Deichler^ Ber. 36, 547, 710, 2326). When 
2,3-napnthalene-dicarboxylic anhydride is condensed with benzene, 2-benzoyl-3- 
naphthoic acid is formed. This is converted into naphthacene-miinone when 
fused with a mixture of sodium chloride and aluminium chloride. Derivatives of 
this compound <5an also be obtained by this method {Waldnuinn. Ber. 64, 1713). 
Another method for the preparation of naphthacene-quinone is tne dehydrogena¬ 
tion of 5,6,7,8,ll,12-hexalwdro-ll,12-diketo-naphthacene (‘'tetral-2,3-anthra- 
quinone'O with bromine. This compound is easily obtained from o-(tetroyl-2-) 
benzoic acid {Schroeier^ Ber. 54, 2242). When reduced with tin and glacial acetic 
acid, naphthacene-quinone gives the deep red hydroquinone, which slowly changes 
to 2,3-benzanthrone. The hydroquinone readily forms a peroxide with oxygen. 

(arz^-) 1,2-Benzanthracene (VI), CigH^, m.p. 158-159°, picrate, m.p. 141.5- 
142.5°, is obtained from its quinone by warming with zinc dust and ammonia, and 
also from l-benzyl-2-methyl-naphthalene by distillation with zinc dust, when 
some naphthacene is also formed {Dziewomki, Bull. acad. polon. sci. lettres 
1927, 181). Another method of getting 1,2-benzanthracene starts from phen- 
anthryl-butyric acid, which is converted by sulphuric acid into 1-keto-1,2,3.4- 
tetrahydro-d,6-benzanthracene, which gives 1,2-benzanthracene when reduc^ oy 
Clemmensen’s method, and dehydrogenated with selenium {Haworth, J. 1933, 
1012 ). It forms an addition compound with maleic anhydride. 



1,2-Benzanthraquinone (VII), Sirius yellow G, C*H 4 (CO) 2 CioHi, m.p. 169°, is 
obtained from 1-naphthoyl-o-benzoic acid in the s^e way as anthramiinone is 
obtained from benzoyl-benzoic acid. 1,2-Benzanthraquinone is broken down into 
2 -naphthoic acid and benzoic acid on fusion with potash {Elbe, Ber. 19, 2209; 
Oraehe, Ber. 29. 827; Gabriel, Ber. 33, 446). The reaction of naphthalene-1,2- 
dicarboz^lic anhydride with iWnzene and aluminium chloride gives l-benzoyl-2- 
naphthoic acid and 2-benzoyl-1-naphthoic acid, which both cyclicise to the same 
1,2-benzanthraquinone. The process can also be used with naphthalene, and 
then leads 4^ derivatives of dibenzanthraquinone (pentacene) {WaMmarm J. pr. 
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[2], 131, 71). 4>Bromo-1.2-benzanthraqttixione, m.p. 231-*232^. For further 
lialogeno-l,2-benzant]iraquinoiie8, see Johnson, Am. 54, 3289. 

Methyl-1,2*benzanthraceiie8 are obtained from the corresponding substituted 
benzoyl chlorides, methyl-naphthalenes, and aluminium chloride m carbon di¬ 
sulphide at 0®, the ketones formed being converted into benzanthracene deriva¬ 
tives by heating to 420®. 6-Methyl-l,2-benzanihracene, m.p. 151®, is obtained 
from l-p-toluyl-2-methylnaphthalene. 7-M ethyl-1 j2-bena»uithracene, m.p. 
182®, and others, see Cook, J. 1933,1592; 1932,456. Like the naphthanthracenes 
they are usually colourless. For methyl-1,2-benzanthraqiiinones, see SchoU, Mo. 
32, 997; 41, 583. l,2-Benz-3,4-anthraquinone is also known, m.p. 263 , red 
needles (Fieser, Am. 51, 3141). 

A series of compounds of technical importance are derived from 
1,9-benzantiiracetie, benzanthrene (I), C17H12, m.p. 84°, picrate m.p. 
110-111°. It is obtained from benzanthrene (g.v.) or 1,10-tri- 
methylene-9-hydroxyphenanthrene (see below) by reduction with 
zinc dust {Bally, Ber. 44,1667). The arrangement of double bonds is 



arrived at from the absorption spectrum of the compound, and its 
behaviour towards maleic anhydride {Clar, Ber. 65,1425). Dihydro- 
benzanthracene, 1,10-trimethylene-phenanthrene, m.p. 81-83°, 
colourless needles (II), reacts, on the other hand, like a phenanthrene 
derivative, and does not react with maleic anhydride. It is obtained 
by the action of hydriodic acid and phosphorus on benzanthrene, and 
shows a violet-blue fluorescence. 

1,9-Benzanthrone (III), m.p. 75°, bright yellow needles, is formed 
by the action of glycerol and concentrated sulphuric acid at 100-110° 
on anthraquinone or, better, anthrone {von Braun, Ber. 38,170). 





Benzanthrone and substituted benzanthrones can also be obtained by ring- 
closure of o-naphthyl-benzoic acids (obtained by fusion of 3,4-benzofluorenone 
with potash) (SchaarscJimidt, Ber. 50, 294; 51, 1074): 
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Another synthesis depends on the action of aluminium chloride on 1-naphthyl- 
phenyl ketone at 140^ (Sc?ioU, Ann. 394,115). Alkylbenzanthrones are ootained 
by using alkylated naphthyl- or phenyl-nuclei. ^,5-,5-,7-Methyl-l,9-benzan- 
thronee, m.p. 199®, 167-168®, 169.6® and 156® (see Scholl, Ann. 394,145). 2,4- 
Dimethylbenzanthrone, m.p. 165®, 7-phenyl-benzanthrone, m.p. 171® yellowish- 
brown leaflets. For chlorobenzanthrones, see Scholl, Her. 55, 115. On nitration 
of hesizanthrone, 12- and IS-nitrobenzanthrones, m.p. 298^ and 244®, respec¬ 
tively,are obtained, together with 6,13- and 8,13-dinitrobenzanthrone, m.p. 268® 
and 236®. 2-Aminobenzantlirone, m.p. 223-224®, is obtained by the action 
of ammonia on 2-hydroxybenzanthrone (g.v.). For a synthesis of 6,13-diamino- 
benzanthrone, see U. S. Pat. 1,565,229. 

2-Hydro:qrbenzanthrone, m.p. 291®, is obtained by heating benzanthrone with 
alkali and some potassium chlorate to 230-240® {Perkin, J. 121. 474). Other 
hydroxybenzanthrones have been obtained by the action of glycerol and sulphuric 
acid on the hydroxyanthraquinones (Perkin, J. 117, 696; 121, 474). 

Reduction of benzanthrone with zinc dust and caustic soda gives rise to 1,10- 
trime^ylene-9-hydroz]^henanthrene (IV), m^. 150-151® (Clar, Ber, 65,1420). 
For products of catalytic hydrogenation, see vm Braun, Ber. 58,2673. A hydro- 
derivative (V) of benzantnrone is obtained by condensation of malonyl chloride 
with anthracene (Kardoe, Ber. 46, 2090). 

Benzanthrone-12-carbozylic acid, CiTHit02, m.p. 347®, is obtained by ring 
closure of l-phenylhapthalene-2,3-aicarboxylic acid with phosphorus pcntoxide 
(Schaaredvmidt, Ber. 50, 294) or by the action of sulphuric acid on the anhy¬ 
dride of the acid at a higher temperature (Schaarschmvdt, Ber. 51, 1074). 

When the benzanthrones (except hydroxy-, nitro-, and amino- 
benzanthrones) are fused with potash, two molecules combine and 
give blue to violet vat dyes of the indanthrene group, which are very 
fast. These dyes include violanthrene and isoviolanthrene. The 
constitution of violanthrone is arrived at from its formation from 
4,4'-dibenzoyl-l,l'-binaphthyl by heating with aluminium chloride 
(iSchoU, Ann. 394,129): 



Isoviolantfarone, indanthrene violet R extra (11) is obtained from 
halogeno-benzanthrones by fusion with potash (Scholl, Ann. 394, 
129). Its constitution follows from its synthesis from 3,9-dibenzoyl- 
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perylene, which is converted into isoviolanthrone by treating its 
solution in concentrated sulphuric acid with mild oxidising agents 
(Marschalk, Bull. [4], 41, 706), or by heating it with alumini um 
chloride. It can also be obtained from 3,9-dibenzoyl-9, lO^halogeno- 
perylene (I) by heating with alkali in boiling aniline or quinoline 
(Zinke, Ber. 58, 323, 799, 2222). These dyes can therefore be re¬ 
garded as derivatives of perylene. 



(I) (ll) 


For the mechanism of their formation by fusion of benzanthrones with potash, 
which passes through the dibenzanthronyls, see L&ttringhavs^ Ann. 473, 259; 
Pongratz, Mo. 62, 172, 

3,4-Benzphenanthrene, C 18 H 12 . (Ill), m.p. 68°, picrate, m.p. 126-127°. is ob¬ 
tained by removing carbon dioxide from 3,4-benzphenanthrene-l-carboxylic acid, 
m.p. 240-241°, which is obtained from a-(2-napnthyl)-/3-o-aminophenyl-acrylic 
add by diazotisation and shakini^ with cuprous chloride (Ber. 51, 510). 1,2- 

Benzanthracene-4-carboxylic acid is obtained at the same time. It melts at 281- 
282°. 3,4-Benzphenantliraquinone forms ruby-red needles, m.p. 187-188° 
(Cook, J. 1931, 2524). 



(Ill) (IV) 


pyrene (IV), CieHio, m.p. 150°, b.p. 260° (60 mm.), is found in coal-tar. It 
does not react with maleic anhydride and can thus be readily separated from the 
yellow impurities which frequently accompany it. For the spectrochemistry of 
pyrene, see Auwera, Ann. 443, 1^; Clar, Ber. 65, 1425. It has been obtamed 
synthetically by condensation of peri-benzonaphtnalene (p. 640) with malonyl 
bromide, and subsequent distillation with zinc oust (Fleischer, Ber. 55, 3289), or 
from 1,4,5,8-naphthalene-tetracarboxylio acid by condensation of its anhydride 
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with diethyl malonate, followed by distillation with zinc dust {Freu^td^ Ann. 402. 
77). It can also be prepared by dehydro^nation of decahydropyrene with lead 
oxide* Decahydropyrene itself is obtained from liexahydrobenzo-naphthyl- 
propionic acid, ring closure with aluminium chloride, and Clemmensen reduction 
of tne ketone (von Braun, Ber. 61, 962). 

FVrene is oxidised by chromic acid in glacial acetic acid to pyrene-quinone, 
CisHgO}, which probably contains the 0= groups in the 3,8 positions (Scholl, Ann. 
394, 126). Further oxidation gives pyrenic acid, CitHeCCO) (COOH)8 (Lang- 
Mo. 31, 861). This is a ketb-dicarboxylic acid, and readily forms an an¬ 
hydride and an imide (Bamberger, Ber. 19, 1997), and gives pyrene-ketone, 
Ci 2 H 8 (CO), m.p. 141® on distillation. If pyrenic acid is oxidised with perman¬ 
ganate, l,4y6,8-naphthalene-tetracarboxylic acid is formed, and if pyrene-ketone 
IS subject^ to the same treatment, naphthaJlc acid is obtained (p. 637). By 
acting on pyrenic acid with benzoyl chloride, mono-, di-, and tri-benzoyl-pyrene, 
3,8-dibenzoyl-pyrene, m.p. 158-160®, and 3,5,8-tri-benzoyl-pyrene, m.p. 239- 
240®, are formed (Scholl, Ann. 394, 162). 

9,10-Benzphenanthrene, or triphenylene, C 18 H 12 , forms white needles, m.p. 
198®, obtained by passing benzene vapour through a red-hot tube. It does not 
react with maleic anhydride. It is oxidised by fuming nitric acid to mellitic acid 
(p. 397). A dodecahydrotriphenylene, CitHai, 



m.p. 233®, is formed by the condensation of cyclohexanone with methyl alcoholic 
sulphuric acid, in the same way as mesitylene is obtained from acetone (Mannich, 
Ber. 40, 153). For hexadeca- and perhydrotriphenylene, see Sckrauth, Ber. 56, 
2024. 


(b) Systems With Five Rings 

Perylene (I), CaoHia, m.p. 262-265®, is a system with five condensed 
benzene rings. It forms leaflets with a bronze lustre, and is formed 
by the linking of two naphthalene nuclei in the pcri-position on 
heating with aluminium chloride to 140®. 

Its constitution follows from its formation from 1,8-diiodonaphthalene on heat¬ 
ing with copper-bronze (Scholl, Ber. 43, 2202; Weitzenbdck, Ber. 46^ 1994). An¬ 
other synthesis starts from the chlorophosphoric ester of 2,2'-dmydroxy-l,l'- 
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dinaphthyl, which on heating with condensing agents gives 1.12-dihydro:inrpery- 
lene. This can be reduced to perylene by means of zinc dust (Managing^ Mo. 40, 
403; Zincke. Mo. 43, 125; Marschalk, Bull. [4]. 43, 1388). Perylene can also 
be obtained by heating 2,2'-dihydroxy-1,1'-dinaphthyl with metaphosphoric acid 
(Uchida, J, Soc. Chem. Ind. Japan 36, 222 ). 

Perylene forms an addition product (II) with maleic anhydride. It crystal¬ 
lises in orange needles, decomposing at 265-270®. Only one molecule is taken up, 
and that is attached at the middle of the conjugated system. From this behav¬ 
iour, the optical absorption, and the predominating formation of the 3,9-quinone 
on oxidation, the arrangement of double bonds in perylene shown above is con¬ 
firmed (C^r, Ber. 65, ^16). *’ 

Perylene dissolves in concentrated sulphuric acid with a deep green colour, 
which changes through bluish-green to blue, and then to reddish-violet. Sulphur 
dioxide is given oil, and perylene-3,10-quinone and perylene sulphonic acids are 
formed (Zincke^ Mo. 61, 1). 

Substituents eni/cr the perylene molecule chiefly in the 3,9-, 3,10-, or 3,4-posi¬ 
tions. By the action of chlorine in the cold, only one chlorine atom substitutes 
hydrogen, and eight other chlorine atoms are added. In the hot, hexachloro- 
perylene, m.p. 356-357®, is formed (Zincke, Mo. 48, 746). S.O-Dichloropeiy- 
lene, m.p. 280-281®, is obtained from perylene and hydrogen cnloride in glacial 
acetic acid. ^4,9,10-Tetrachloroperylene, m.p. 350®, is obtained in the same 
way (Zincke, Ber. 58, 330). 3,9-Dichloroperylene is obtained by the action of 
aluminium chloride on perylene. No monochloroperylene is known. For the 
corresponding bromoperylenes, see Zimke, Ber. 58, 323 ; 60, 679. 

The nitration of perylene gives different products according to the conditions. 
Mono-, di-, tri- and tetra-niteoperylenes have been made (Zirtcke^ Mo. 40, 406; 
Ber. 60, 5^). The structure of di- and tetra-nitroperylene is known. The 
former is the 3,10-compound, and the latter 3,4,9,lO-tetranitroperylene (Zincka, 
Mo. 51, 205; Fuake^ Mo. 52, 3). Reduction of dinitroperylene gives 3,10- 
diaminoperylene. Reduction of the tetra-nitro compound lea^ apparently to 
a quinone-like compound, diaminoperylene-quinone-diimine, and tetra-amino- 
perylene (Zincke, Mo. 51, 205; Funke^ Mo. 52, 221). Reduction of 3,9-dichioro- 

4.10- dinitroperylene (obtained by nitration of 3,9-dichloroperylene) gives 3,9- 
dichloro-4,10-diaminope]i7lene, which can be converted into 4,10-diaminope^- 
lene by heating with aniline (Funke. Mo. 52, 1). Sulphonation of perylene gives 
rise to 3,9- and 3,10-perylene disulphonic acids {Marschalk, Bull. [4], 41, 74). 

When perylene is treated with hydriodic acid at 260®, a hexahydro-derivativc, 
m.p. 189®. is formed. Catalytic hydn^genation with palladium gives an octa- 
hydropeiylene {Ziivcke, Mo. 51, 280). Hydrogenation with sodium and amyl 
alcohol gives also an octahydroperylene, m.p. 119-121®, together with a- and 
jS-tetradecahydroperylene, m.p. 180-181.6° and 161-162°. These can also be 
obtained by more energetic catalytic hydrogenation {Zincke, Mo. 59, 241; 
Uchida, J. Soc. Chem. Ind. Japan 36, 222). For c.hlorohydroperylenes, see 
Zincke, Mo. 48, 741. 

Many perylene-quinones are known: 1,2-perylene-quinone, m.p. 187° is ob¬ 
tained by the oxidation of 1.12-dihydroxy-perylene {Zincke, Mo. 45, 231); 3,10- 
perylene-quinone is obtainea by oxidising perylene with chromic acid. Some 3,9- 
perylene-quinone is formed at the same time. The 3,10-compound is also ob¬ 
tained by treating 3,10-dibromoperylene with concentrated sulpnuric acid at 130- 
140® {Zincke, Mo. 40, 408; Ber. 58, 328). 4,10-Perylene-quinone is obtained 
from 4,10-dihalogeno-perylene (Ber. 58, 2389). 3,9-Perylene-5uinone and 3,4-, 

9.10- perylene-diquinone can be obtained from the correspondii^ halogen com¬ 
pounds (Zincke, Mo. 51, 77). Energetic oxidation of perylene with chromic acid 
gives 3,9-perylene-quinone and oxidises this further to anthraquinone-1.5-dicar- 
boxylic acid, and partially through the 5.10-quinone to l,9-benzantlirone-2- 
dicarboxylic acid-5,10. This last compound may be oxidised further to phenan- 
threne-l,8,9,10-tetracarboxylic acid {Zincke, Mo. 56,143; 57,405). For the hy¬ 
drogenation of the perylene-quinones, see Zincke, Mo. 51, 280. 

Of the carboxylic acids of perylene, 3,9-penrlene-dicarboxirlic acid^ m.p. 360®, 
is known {Pongratz, Mo. 48, 686). It was obtained from the 3,9-dibromopery- 
lene through the dinitrile. For perylene-mono- and -diphthaloyl-acids ana 3.9- 
d^hihaloyl-peiylene obtained by heating with aluminium chloride, see Zincke, 
Mo. 48, 593. By the action of bstizoyi chloride and aluminium chloride on pery- 
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lene» Syd^dibenzoyl-peiylene, m.p. 293^, together with a little 3,4-4ib6nzoyl- 
peiyleiie, m.p. 330^, is formed. The latter gives 1,2-diphenvl-ac^ryleiie, 
Ct 4 Hso (1), m.p. 315-316®, in violet brown leaflets, when reduced by Clemmen- 
sen’s method (Zincke, Mo. 56, 163; Ber. 58, 324). 



(Ztn-)2,3-6,7-Dibenzanthracenei or pentacene (II), is a deep-blue 
compound. The bi-radical nature of this substance which explains 
this property, can be confirmed by magnetic measurements (Muller^ 
Ann. 517, 145). 

With oxygen it forms a mono- and a bi-molecular peroxide. By condensation 
of pyromellitic anhydride with benzene and aluminium chloride, and subsequent 
ring-closure of the dibenzoyl-phenyl-dicarboxylic acid obtained, pentacene- 
5,7.12,14-diquinone, m.p. 408®, yellow needles, is formed. It passes into tetra- 
hyoro-pentacene, m.p. 244-246®, when reduced with hydriodic acid and phos¬ 
phorus (Philippi, Mo. 32, 631; 34, 712; 35, 376; 42, 3). When distilled over 



copper wool in a stream of carbon dioxide, 6,13-dihydropentacene, m.p. 270®, is 
obtained from it. By long keeping, 5,14-dihydropentacene, m.p. 310®, is formed. 
6,13-Dihydropentaceno is converted into pentacene on dehydrogenation with 
chloranil or benzoquinone. On oxidation with feme chloride, 6^13-pentacene- 
qidnone, m.p. 393®, is formed, whilst 6,14-dihydropentacene gives ^7,12,14- 
pentacene-diquinone with chromic trioxide (Philippi, Mo. 53/54, 639; (Jlar, Ber. 
63, 2967). For bromopentacene-diquinones and other derivatives of pentacene- 
quinone, see Philippi, Mo. 43, 616, 621; Seka, Mo. 47, 619, 627, 637. 

Picene, 1,2-7,8-dibeiizpheiiantoene, CjsHui m.p. 364®, is ob- 
tiuined by distillation of lignite pitch and petroleunj residues. It is 
made 6 f 3 mthetically from naphthalene and ethylene bromide in the 

presence of alximinium chloride, by stron^y heating l,l'-naphtho- 
stilbene, CioHt'CH’.CH-CioHt, and by heating l-methyl-naphthalene 
vrith sulphur {Lespieau, Bull. [3], 6, 238; Him, Ber. 32, 3341; 
Homer, J. 97,1141). 
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Pioene can also be obtained by the action of the Grignard comTOund of 
fnaphti^l-l)-ethyl chloride and tetralone. With aluminium chloride in carbon 
aisulphide, the reaction products gives picene (Rvzicka^ Helv. 17,470). It is dif¬ 
ficultly soluble in the usual solvents, but dissolves best in crude cymol. It is re¬ 
duced to hydropicene, CssHsa, m.p. 175^, by hydriodic acid and phosphorus at 
250". Picene is oxidised to picene-quinone by chromic acid, and this compound, 
like the corresponding one of chrysene can be converted into picene ketone, 
picene-fluorene-alcohol and picene fluorene, (CioH 6 ) 2 CHs, on the one hand, ana 
picenic acid, or dinaphthyl-carboxylic acid and 2,2'-dinaphthyl on the other 
( Chattaway, Ber. 26, 1751): 



C1.H7 

(!;,,h,-cooh 


C.»H, 


3,4-5,6-Dibenzphenaiiihrene (I), m.p. 177-178", is obtained from di-o-amino- 
benzylidene-p-phenylene-diacetic acid by diazotisation and decomposition of the 
resulting compotmd with copper powder. The di-carboxylic acid thus formed is 
distilled, when it gives (I) and 1,2-5,6-dibenzanthracene (sec below) (Harnging, 
Mo. 39, 323). ^4,5,6-Dibenzpnenanthrene-diquinone-l,2,7,8, m.p. 360" dark 
red needle^ see Cook, J. 1933, 1502. 

1,2-6,7-Dibenzphenanthrene, greenish^ellow leaflets, m.p. 293-294" (II), 
and l,2-6,7-<libenzantliracene, ywlow leaflets, m.p. 263-264" (III) are product 
together with 1,2-3,4-dibenzanthracene (see below) by the internal condensation 
of o-toluyl-phenanthrene with elimination of water. Compound (III) can also 
be obtained from 2-methyl-3-a-naphthoyl-5.6-7,8-tetrahyaronaphthalene or the 
corresponding /3-compoimd by heating with copper powder (Naturkupfer C) 
(Clar, Ber. 62, 354, 1574 ; 65, 1411). l,2-6,7-r)ibenzanthracene and 1,2-5,6- 



dibeiizanthracene, and possibly the 1,2-7,8-compound are obtained by condensa¬ 
tion of 1-chloromethyl-naphtnalene with 2-mcthyl-naphthalene in carbon disul¬ 
phide with aluminium chloride. A mixture of two isomeric dinaphthylmcthanes 
is formed, which on dehydrogenation with copper powder gives the above hydro¬ 
carbons. They can be separated by their different reactivities towards maleic 
anhydride (Clar, Gazz. 62, 539). 

1,2-7,8-Dibenzanthracene, (IIssHh, m.p. 196® (I) is obtained from 1,1'- 
(finaphthyl-ketone-2-carboxylic acid (II) by reduction of the CO group to CH«, 
ring-closure to the anthrone, and subsequent distillation with zinc dust. Another 



method starts with the condensation of m-phenylene-diacetic acid and o-nitro- 
benzaldehyde. The nitro-groups in the condensation product (III) are reduced 
to amino-groups, and the amine submitted to the Pschorr phenanthiwe synthesis. 
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In this way small quantities of l,2-7,8>dibenzanthracene*4,5-dicarb0J7lic acid 
are obtained, which on heating loses carbon dioxide and gives the required sub¬ 
stance. 1,2-7,8-Dibeiizanthraquinone, m.p. 22*^226^, forms orange needles 
{Cook, J. 1932, 1472). 

1,2^,6-Dibenzanthracene (IV), m.p. 262®, picrate, m.p. 214®, is obtained bv 
heating 2-methyl-l,2'-dinaphthyl-ketone, m.p. 170-171®. The naphthyl- 
ketone itself is obtained by the action of /3-naphthoyl-chloride on jS-methyl- 
naphthalene in the presence of aluminium chloride (Cfcr, Ber. 62, 350; Fieser, 
Ber. 62,1827; Cook, J. 1931, 487; Clar, Gazz. 62, 539). By the action of nitric 
acid on the hydrocarbon, 9-nitro-l,2-5,6-dibenzantliracene, m.p. 217-218®, is 
formed. For other derivatives, see Cook, J. 1931, 489, 3273. They show a 
characteristic fluorescence spectrum, and are carcinogenic compounds. Reduc¬ 
tion of l,2-5,6-diben7;anthracene with sodium and amyl alcohol gives rise to an 
octa-hydro-deri vative. 

By condensation of naphthalene-1,2-dicarboxylic anhydride and naphthalene, 
a ketonic acid is obtained, which, on ring-closure gives a mixture of 1,2-7,8- and 

l, 2-5,6-dibeiizanthraquinone, m.p. 224-225®, reddish needles (Lauer J. pr. (2), 

135, 1). 1^2-3,4-Diben2anthracene (V), m.p. 205®, colourless needles, picrate, 

m. p. ^7®, IS obtained by the action of o-toluyl-chloride on phenanthrene in the 
presence of aluminium chloride. On heating the mixture of ketones produced, a 



mixture of hydrocarbons is obtained, of which the chief constituent is 1,2-3,4- 
dibenzanthracene. The separation of the isomeric hydrocarbons is best carried 
out with maleic anhydride. The 1,2-3,4-compound reacts the most rapidly, 
while 1,2-6,7-dlbenzanthraoene reacts much more slowly {Clar, Ber. 62, 350; 
65, 1411). For quinones of 1,2-3,4-dibenzanthracene see Clar, loc. cit. 

2,3-6,7-Dibenzphenantlirene (1), m.p. 257®, yellowish-green needles or leaflets, 
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picrate, m.p. 184^, can be obtained by heating di-c^-toluyl-benzenes (la), which 
are obtained by acting on aj^-phthalic anhydride, terephthalic anhydride or iso- 
phthalic anhydride with o-tolyl magnesium bromide (Ctor, Ber. 62, 940, 3021; 
64, 981). For derivatives of this hydrocarbon, see Ciar, loc, cit, 

1,2-Benzpyrene (II), m.p. 176°, picrate, m.p. 230°, is found in 
coal-tar and has powerful carcinogenic properties. 


V 


Jl 


■ (II) 


It has been obtained synthetically by condensation of pyrene with succinic 
anhydride, giving /3-(l-pyrenoyl)-propionic acid. The sodium salt of this is 
reduced by zinc dust and ammonia to the hydroxy-acid. By removal of water 
from this, followed by hydrogenation, 7 -(l-pyrenyl)-butyric acid is formed. 
When this is treated with stannic chloride at 120®, 4-keto-l',2',3',4'-tetrahydro« 
1,2-benzpyrene is formed, and this, when dehydrogenated with selenium gives 1,2- 
benzpyrene (Cookf J. 1933, 395): 



V 

(III) (IV) 


4,5-Benzpyrene (III), m.p. 178-179®, picrate, m.p. 228-230®, is also found in 
coal-tar. The synthesis starts from «pm-hexahyaropyrene, which condenses 
with succinic anhydride to give ^-1,2,3,6,7,8-hexahydro-4-pyrenoyl-propionic 
acid. The latter is reduced by the Wolff-Kischner method, and the ring closed 
with sulphuric acid. The l'-keto-l,2,3,6,7,8,l',2',3',4'-<iecahydro-4,5-benz- 
pyrene is reduced with sodiiun and alcohol, and dehydrogenated with selenium, 
when 4,5-benzpyrene results (Cook, J. 1933, 395). 

Coeranthrene (IV) (»cr?-benzylene-aiithracene) itself is not known, but deriva¬ 
tives of it have been obtained. Thus, 2-methyl-coeranthrone-7^ C 22 H 14 O, m.p. 
175“ 176®, bright red to yellowish-brown leaflets with a coppery lustre, is obtain^ 
by the action of concentrated sulphuric acid on 2-methyl-9-phenylanthracene-l- 
carboxylic acid, m.p. 282®. For other derivatives, see Scholl^ Ann. 493, 56. 


(c) Systems with Six or More Rings 

Trimethylene-triphenylmethane-triketone (I) is a derivative of this class, and 
is to bo regarded as derived from triphenylmethane, in which the phenyl nuclei 
are linked up with CO groups. It forms dark blue needles, melting above 450^. 
It is obtain^ by the action of concentrated sulphuric acid on triphenylmethane- 
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2,2',2^-tricarboxylic acid (Weis^Mo. 45, 207 ; 47, 307), and occurs also in the 
isomeric hydroxy-diketo>form (^eiss. Mo. 65, 129) (Ib): 



Biphenylene-phenanthrene (II), picrate, m.p. 200®, is obtained as a by-prod¬ 
uct in the preparation of rubicene (p. 691) from fluorene, or from the same start¬ 
ing materials, together with dibiphenylene-ethane (p. 680) by heating with copper 
bronze {Ber^ann^ Ann. 483, 72). 

4,5-8,9-Dibenzpyrene (III), m.p. 282®, is obtained from the 3,10-quinone by 
distillation in steam over zinc-pumice stone. This quinone is obtained by heat¬ 
ing 1,4-dibenzoyl-naphthalene (IV) with aluminium chloride (SchoUf Ber. 55, 
118). 


O O 





Anthanthrone (V), m.p. above 300®, forms orange coloured spikes, and is a 
good vat-dye like pyranthrone (p. 710). It is obtained from 1,1'-dinaphthyl- 
2,2'- or -8,8'-dicarboxyIic acid w ith acid condensing agents (Kalh^ Ber. 47, 1724). 
On treatment with hydriodic acid and phosphorus and subsequent dehydrogena¬ 
tion with copper, the parent hydrocarbon, anthanthrene (VI), m.p. 257®, is ob¬ 
tained in golden-yellow leaflets (Scholl, Ber. 67, 1232). 




1,12-Benzperylene (VII), m.p. 273®. yellowish-green plates with a blue fluo¬ 
rescence, picrate, m.p. 267®, is obtained from the maleic anhydride addition prod¬ 
uct of parylene (p. 701) by heating it with soda-lime (Clar, Ber. 65, 846). 
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1.2- (Phenanthro-2,3-)anthracene (VIII), CssHie, m.p. 281-282®, yellow 
needles, is obtained by heating; the reaction product of l-anthroyl-chloride 
and 2-methvl-naphthyl-(l)-magnesium bromide to 430® to 450® (Cook, J. 1931, 
499). 

2.3- (Phenaiithro-2,3)-plienanthrene (IX), C 2 «Hi«, m.p. 341-^43®, yellow 
needles, is obtained from 3-(2-methylnaphthoyi-l-)-phenanthrene by heating 
to 460The latter compound is obtained from 3-phenanthroyl chloride and 
2-methylnaphthyl-(l)-magnesium bromide (Cook, J. 1931, 499). 



/\/\ 


^vvW 


(X) 


(2',3'-Naphtho-)-1,2-pyrene (X), m.p. 273®, deep orange needles, is obtained 
by condensation of pvrene and phthalic anhydride. The phthaloyl acid thus ob¬ 
tained is reduced ana cyclised to the anthrone, and the latter is then reduced to 
(2'3'-naphtho-) 1,2-pyrene. It is also produced by the pyrolysis of the mixture 
of Ketones obtained from o-toluyl chloride and pyrene. In contrast to 1,2- 
benzpyrene, the hydrocarbon has no carcinogenic properties, and gives an addi¬ 
tion compound with maleic anhydride (Cook, J. 1933, 395). 

In the same way as five-condensed-ring systems can be obtained 
from di-o-toluyl-benzenes by double ring-closure (CZar, Ber. 62, 940), 
the ring-closure of dibenzoyl-dimethyl-naphthalenes on heating and 
loss of two molecules of water, gives rise to hydrocarbons with six 
condensed nuclei. 

Thus, anthraceno-l,2-l',2'-antliracene (I), yellow leaflets, m.p. 
400®, is obtained from l,5-dibenzoyl-2,6-dimethylnaphthalene, m.p. 
263-264® (la), and from l,8-dibenzoyl-2,7-dimethyl-naphthalene 


CH, 



(la) 


(I) 
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(Ila), an isomeric antliraceno-l,2-l',2'-anthracene (II), m.p. 308° 
is formed (Cior, Ber. 62,950; Fieaer, Ber. 62,1828). 


CH« 



In the same way 1,2-3,4-5,B-tribenzanthracene (III), m.p. 224®, is obtained from 
2-methyl-l-(phenanthroyl-9')-naphthalene. The ultra-violet absorption curves 
have proved very useful for the characterisation of these complicated ring systems. 



Dinaphtho-2',3'-1,2-2',3'-5,6-anthracene (IV), CsoHisj orange needles, is ob¬ 
tained from l,2-5,6-<iiphthaloyl-anthraquinone (IV^a) with hydriodic acid and 



^osphorus at 220®, and subsequent dehydrogenation with copper powder at 460®. 
The nydrocarbcm can also be obtained by other methods {Scholl^ Ber. 65 , 1396). 

2,3-10,ll-Dibenzpeiylene, m.p. 343®, (V), picrate, m.p. 240® (decomp.) is 
obtained from phenanthrene and benzene in the presence of aluminium chloride, 
or from 9-bromophenanthrene in the presence of stannic chloride (Ber. 65 , 346; 
see also Ioffe, C. 1935 , 1 , 391). 

Hetero-coerdianthrene (VI). Hetero-7,7'-coerdianihrone is a derivative of 
this substance, obtained by the action of sulphuric acid at 50-00® on diphenyl- 
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anthracene-dicarboxylic acid. Dibromo-hetero-coerdianfhrone is another de¬ 
rivative, which forms bluish-violet crystals. Hetero-7,7'-dianthrone gives 1,2- 
7,8-dibenzperylene (VII) in 4ark yeflow needles, when treated with hydriodic 
acid and phosphorus and subsequent distillation with zinc dust. 




AA 

1 I 




(V) 



(VI) 


(VII) 


The hydrocarbon of violanthrone (p. 698) is violanthrene (VIII), which has 
been obtained in red leaflets. It is prepared by reduction of violanthrone with 
hydriodic acid and phosphorus and subsequent dehydrogenation with copper. 




The hydrocarbon of isoviolanthrone (p. 698) is isoviolanthrene (IX). bluish-red 
leaflets. It is obtained from isoviolanthrone by reduction with hydriodic acid 
and phosphorus and subsequent dehydrogenation with copper (Scholl, Ber. 67, 
1232). 


A group of important compounds with seven and eight condensed 
rings are obtained from the dianthraquinoyls. They are used as vat 
dyes. These compounds are characterised by the fact that they 
readily pass into quinone-like compounds of highly condensed sys¬ 
tems by repeated fusion of the anthraquinone nuclei. 

Thus, 1,2 '-dianthraquinoyl gives on reduction with copper or nickel povrder and 
concentrated sulphuric acid, meso-benzdlanthrone or helianthrone (X). This 
compound forms steel-blue crystals which form haematite-Hke masses from 
lene, and resembles meso-dianthrone in structure. It can also be obtained by the 
reduction of 1,1 '-dianthraquinoyl with sodium hydrosulphite in a current of coal- 
gas, and dropping dilute sulphuric acid into the hot solution (Eckert, J. pr. (2], 
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121, 273). For hydrosy-helianthrones, see Hardacre. J. 1929, 180; Haller^ J. 
125, 231. 




(XI) 


When heated with aluminium chloride to 140-145®, helianthrone splits off two 
hydrogen atoms, and with repeated combination of two benzene nuclei, meso- 
naphthodianthrone (XI) is formed in brown needles (Scholl^ Ber. 43, 1734). It 
can be obtained more simply by irradiating helianthrone with ultra-violet (Meyer^ 
Mo. 33, 1447), and by distillation of 1,1'^ianthraquinoyl with zinc dust (Scholl^ 
Ber. 52, 1829). For chloro-derivatives of meso-naphthodianthrone, see Eckert, 
Mo. 39, 839. The parent hydrocarbon of meso-naphthodianthrone is meso- 
naphthodianthrene (All), which forms dark blue crystals with a violet lustre. It 
is obtained from the ketone by reduction with hydriodic acid and phosphorus, 
when hexahydro-meso-naphthodianthrene is obtained in golden yellow leaflets, 
which on dehydrogenation with copper forms meso-naphthodianthrene (SchoU, 
Ber. 67, 1236). 
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(XIII) 


Meso-naphthodianthrene gives an addition product with maleic anhydride, 
which, when distilled with soda-lime gives meso-antfarodianthrene (XIII) 
(2,3,4,6[vic-diperi]-dibenzcoronene), in Dluish-violet needles. It can also be 
prepared from meso-anthrodianthrone by the action of hydriodic acid and phos¬ 
phorus and dehydrogenation with copper (SchoU, Ber. 67, 1232, 1236). 

2,2'-Dimethyl-l,2'-dianthraqumoyl condenses on heating alone, or 
better when boiled with concentrated alcoholic {wtash, splitting off 
2 H 2 O, and becoming pyranthrone (XIV), reddish-brown needles, 
which is similar in structure to flavanthrene (p. 658) and bears the 
same relationship to this substance as anthraflavone does tO in- 
danthrene (p. 658) (Scholl, Ber. 43, 346). It can also be obtained by 
heating 3,8-dibenzoylp3rrene with aluminium chloride to 155-160® 
(SchoU, Ann. 394, 121). The parent hydrocarbon of pyranthrone is 
pyranthrene (XV), reddish-brown needles. It is obtained from 
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pyranthrone by reduction with hydriodic acid and phosphorus and 
subsequent dehydrogenation with copper (SchoU, Ber. 67,1232). 


O 




(XV) 


If 3,8-di-a-naphthoyl- and 3^8-di-/3-naphthoyl-pyrene are treated with alumin¬ 
ium chloride at 160®, the still more highly condensed systems of 5,6-5',6'- 
dibenzpyranthrone (XVl) and 7,8-7',8'-aibenzpyranthrone (XVII) are formed. 



(XVI) 


O 



All these compounds are vat dyes, and pyranthrone particularly is used indus¬ 
trially under the name indanthrene golden-orange. It is a very fast dye. 

amp^i-Isopyranthrone (XVIII) is an isomeric pyranthrone, which is obtained 
by heating l.l'-bianthryl-2,3'-carboxylic acid with phosphorus pentoxide or 
aluminium chloride. It forms greyish-violet tablets with a metallic lustre, and 
dissolves giving a fuchsine red solution. 11 has none of the properties of quinones. 

For reduction products of awpAi-wo-pyranthrone, and for dihydro-iso-pyran- 
throne, see Ann. 433, 163. The latter is obtained by reducing amp/ii-tso-pyran- 
throne with hydriodic acid. 
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A very interesting compound is the hexabenso-benzene, coronene (HI), C 24 Hif, so 
named because the outer ring of benzene nuclei forms a crown. It c^staUises in 
yellow needles, m.p, 416-417®, and dissolves in organic solvents with a bluish* 
violet fluorescence. Its considerable stability is expressed in its formula, being 
built up of two concentric rings of carbon atoms, an inner one with the configura¬ 
tion of oenzene, and an outer one with 18 carbon atoms, with the same arrangement 
of bonds as in benzene. 

The compound can be synthesised from 9,10-di-m-xylyl-9,10-dihvdroxy-9,10- 
dihydro-anthracene-l,5-dicarboxylic lactone (I), which is readily obtained from 
anthraquinone-l,5-dicarboxylyl chloride, w-xylene, and aluminium chloride. 
Throi^h a series of intermediate stages, 2,3,8,9-dibenzcoronene (II) is obtain^. 
This is converted into the 2,3^8,9-dibenzcoronene-quinone, which on oxidation 
gives the 2,3,8,9-tetracarboxylic acid, from which coronene (III) is obtained 
(Scholl, Ber. 65, 902). 






v/Ny 


(HI) 


In contrast to coronene, dibenzcoronene is a very reactive substance. It forms 
red needles with an emerald green lustre, and its solution is sensitive to light. 
Orjrgen readily converts it into dibenzcoronene-quinone (IV). For O- and S- 
isologues of dibenzcoronene, see Scholl, Ber. 67, 599. 



The hydrocarbon the most rich in carbon is 1,2,3-7,8,9-dinaphthocoronene (V), 
which ciystalliseB in chestnut brown needles. It is obtained from 1,2,3*7,8,9- 
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dinaphtho-coronene-quinone-(4,10) by reduction with hydriodic acid and phos¬ 
phorus and dehydrogenation with copper. The quinone is formed, toother with 
other substances, by the action of 1,6-anthraquinone-dicarboxyl chloride, on 
naphthalene in the presence of aluminium chloride, the reaction being carried out 
in nitrobenzene solution (SckolL Her. 67, 1232). 

1,9-5,10-Di-(permaphthylene)-anthracene (VII), m.p. in a sealed tube 680® 
after sintering at 300"^, forms leaflets with a coppery lustre, dissolving to give a 
deep greenish-blue solution. It is obtained from 9,lO-di-or-naphthyl-9,10- 
dihydroxy-9,10-dihydroanthracene (VI) by heating with aluminium chloride and 
some pyridine. 



(VI) (VII) 


The substance has been formulated as a bi-radical (VII). It reacts rapidly with 
maleic anhydride. Absorption spectra, however, show that the radical character 
of the substance is not veiy definite, and moreover, it does not react with oxygen. 
The co^apound has been referred to as ‘‘the link between the aromatic compounds 
and graphite’* (Ckr, Ber. 65, 1521). 

Pleiadene (I) is made up of three benzene nuclei and a seven-inembered ring. 
Only derivatives of this compound are known. Pleiodone is obtained from 2-a- 
naphthoyl-benzoic acid by reduction of the CO group to CHj, and cyclicising. It 



I II 


very readily passes into pleiadene-dione (II) on oxidation. 1-Methyl-pleiadone- 
7, m.p. 128®; 1,2-dimethyl-pleiadone, m.p. 192®; 1-methyl-pleiadene-dione- 
7,12, m.p. 183® (Rivche, Ber. 65, 1371; Fieser^ Am. 55, 3010). 

For further highly condensed systems, with six, seven, and poly- 
membered rings, see Fieser, Ber. 62, 1827; Clar^ Ber. 63,112. For 
the quinones of these compounds see the above references, and de Dies* 
bach, Helv, 7, 644; 11, 724; SchoU, Ber. 61, 2550. 
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Abietic acid, 671, 676 
Accelerator in vulcanization of rubber, 96 
Aconaphthanthracene, 689 
Acenaphthaquinone 685, 686 
Acenaphthene, 34, 36, 637, 686, 691, 692 
Acenaphthenequinone, 686, 686 
Acenaphthenesulphonio acid, 685 
Acenaphthenol, 686 
Acenaphthenone, 686 
Acenaphthindane, 688 
Acenaphthoylpropionio acid, 689 
Acenaphthylene, 680, 687 
Acenaphthylphenylmethanecarboxylic 
acid, 689 

Acet-. See also Aceto- and AcetyU, 
Acetaminoacetophenone, 89,146 
Acetaminoazobenzene, 142 
Acetaminobenzoic acid, 79, 3^8 
Acetaminocinnamic acid, 467 
Acetaminohydrazobenzene, 146 
Acetaminoisophthalic acid, 390 
Acetaminomandelic acid, 412 
Acetaminonaphthol, 630 
Acotaminophenacyl chloride, 405 
Acetaminophenylacetic acid, 330 
Acetaminophenyl salicylate, 357 
Acetaminotriphenylmethane, 636, 531 
Acetaminoxylene, 390 
Acetanilide, 78, 88, 101, 103, 144, 261, 
284, 405 

Aoetanthranil, 323 
Acetbenzhydroxamic acid, 256 
Acetdiaminodiphenylamine, 146 
Acethydrindenecarboxylic acid, 697 
Acetiodosobenzoio acid, 318 
Acetnaphthylamine, 616 
Aceto-. See also Acet- and AcetyU, 
Acetoaoetio anilide, 91 
Acetoacetic ester, 26 
Acetoacetio ester phenylhydrazone, 157 
Acetoanthranilic acid, 278, 321, 323, 327 
Acetoanthranilidoacetic acid, 327 
Acetobenzoio anhydride, 298 
Acetobromogalactose, 336 
Aoetocoumaric acid, 473 
Aoetodimethylnaphthalenedicarboxylic 
acid, 607 

Acetoeugenol, 352,366,368 
Aoetoferulio acid, 366 
Aoetoguaiaool, 352 


Acetohomovanillic acid, 366, 368 
Aoetoisovanillone, 352 
Acetone, 36, 38 

Acetonebenzylpyruvic acid, 489 
Acetonediphthalide, 588 
Acetonephenylsemicarbazone, 93 
Acetonylanthranilic acid, 323 
Acetonylnitrorneconine, 382 
Acetonylphthalide, 469, 589 
Acetophenone, 36, 39, 41, 171, 249, 
258, 271, 282, 383, 294 Jf., 400, 406 
408, 413, 418 ff., 422, 429 ff., 433, 444, 
446 ff., 448, 455, 457, 460, 484, 504, 
507, 508, 560, 562, 565, 577, 580, 583, 
588, 600 

Acetophenone acetal, 383, 456 
Acetophenoneacetoacetic ester, 409, 464* 
487 

Acetophenoneacetone, 409 ,434 
Acetophenone alcohol, 403 
Acetophenone aniline, 405 
Acetophenone benzoate, 579 
Acetophenonecarboxylic acid, 292, 378, 
58^,440,482 

Acetophenone chloride, 383 ,446 
Acetophenone oxime, 88, 256, 258, 384t 
315 

Acotophenylacetaldehyde, 408 
Acetophenylenediamine, 142 
Acetophenylhydrazine, 150, 166, 158 ff,, 
244,675 

Acetophenylimidomethyl ether, 89 
Acetopiperone, 349 ,363 
Acetopyrocatechol, 352 
Acetosyringone, 352 
Acetotetrahydroquinoline, 324 
Acetotoluidide, 64, 78, 322 
Acetovanillic acid, 366 
Acetovanillone, 352 
Acetoveratrone, 352 
Acetoxindole, 330 
Aoetoxybenzoyl chloride, 357, 368 
Acetoxylidide, 79 
Acetoxyphenylglyoxylic acid, 427 
Acetoxyphenylpyruvic nitrile, 433 
Acetoxyphthalide, 380 
Acettoluidide, 78, 79 
Acetyl-. See also Acet- and Aceto-, 
Acetylacetophenone, 408 
Acetylamidrazone, 162 
Acetylaminoacetophenone, 286 
I Acetylaminobenzophenone, 519 


*ItalioiE6d numbers represent pages on which properties of the compound are 
given. Roman numbers indicate pages on which the compound is mentioned. 
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Aoetylaminobensyl alcohol, 262 
Aoetylaminoehloroaoetylbenzylamine, 261 
Aoeitylaminonaphthol, 623 
Acetylaminonaphthol ethyl ether, 623 
Aoetylaminophenol, 541 
Aoetylaminophenylhydrazine, 148 
Aoetylanisole, 194, S62 
Aoetylaurine, 542 
Aoetylbenzaldoxime, 272 
Acetylbenzene. See Acetophenone, 
Aoetylbenzenylamidoxime, 316 
Acetylbenziloxime, 565 
Acetylbenzisoxazolone, 320 
Acetylbenzoic acid, 491 
Acetylbenzoyl, 402, 4O8 
Acetylbenzoylacotohydrazone, 408 
Acetylbenzoylbenzoic acid, 623^ 545 
Aoetylbutyric acid, 33 
Acetylcarbanilide, 93 
Acetylcoumarin, 487 
Acetylcresol, 342 
Aoetylcymene, 285 
'Aoetyldihydroxindole, 412 
Acetyldiketohydrindene, 600 
Acetyldiphenylthiourea, 99 
Acetyldiphenylurea, 99 
Acetyldurene, 294 
Acetylene, 33, 443 
Acetyleneanisole, 455 
Acetylenebisthioi^icylic acid, 361 
Acetylenedicarboxylic dimethyl ester, 25 
Acetylenephenetole, 455 
Acetylfiuorene, 681 
Acetylformazylhydride, 163 
Aoetylglycolic chloride, 403 
Aoetylhexanitrodiphenylamine, 104 
Acetylhydrazobenzene, 144 
Acetylhydrindone, 374, 699 
Aoetylhydroxybenzylideneacetophenone, 
578 

Acetylhydroxycoumarin, 196, 491. See 
also Hydroxyacetylcoumarin, 

Acetylhydroxylaminobenzaldehyde, 277 
Acetylisatin, 426 
Acetylisatinic acid, 412 
Acetylmandelio acid, 410 
Acetylmandelic chloride, 41O, 433 j^., 573 
Acetylmesitylene, 270, 384^ 293 
Acetylmethylaniline, 82 
Acetylmethylphenyltriazene, 129 
Acetylnaphthol, 487, 634 
Aoetylnaphtholoarboxylic chloride, 636 
Acetyl nitrate, 58 
Acetylnitrohydrindene, 597 
Aoetylnitrotoluquinitrol, 342 
Acetylopianio acid, 382 
Acetylphenyl acetate, 375 
Acetylphenylacetylene, 459, 491 
Aoetylphenylearbamic acid, 101 
Acetyiphenylenediamine, 105, 106^ 132, 
148 

Aoetylphenylhydrasine, 150, 166, 158 ff., 
244, 675 


Aoetylphenylisindazole, 519 
Aoetylphenylurea, 93 
Aoetylpropionyl, 26, 238 
Aoetylpyrogallol, 353 
Acetylpymvic ester, 26 
Acetylresorcinol, 352 
Acetylretene, 677 
Acetybalicylic acid, 367, 358 
Acetylsalioylic chloride, 357, 368, 427, 
491 

Aoetylsalicylocarbonic ester, 358 
Acetylsalioyloylsalicylic acid, 358 
Acetylsyringic acid, 350 
Acetylthiophenol, 353 
Aoetyltoluene, 384 ff. 

Acetylxylene, 27, 384 ff.* 294 
Y-Acid, 620, 625 
3-Acid, 620, 625 
Acide pheniqtte, 188 
Acid fuchsine, 536 
Acid green, 533 
Acidobenzoic acid, 331 
Acid yellow, 142, 179 
Acridine, 34, 36, 85, 272, 511 
Acridone, 276, 325, 327, 517 ff. 
Adrenaline, 337, 401, 403, 406, 417 
Adrenalone, 406 
Aosculetin, 232, 478 
Aesculin, 478 
Aetiobilianic acid, 672 
Agnotobenzaldehydo, 277 
Airol, 370 
Albumin, 294, 415 
Aldehyde green, 537 
Aldehyde musk, 65, 377 
Aldehydes, reagent for, 534 
Aldehydine, 108 
Aldehydobenzoic acid, 382 
Aldehydocinnamic acid, 483 ff. 
Aldehydohydroxyisophthalic acid, 395 
Aldehydoisophthalic acid, 396, 441 
Aldehydonitrosophenylhydroxylamine, 
276 

Aldehydophenoxyacetic acid, 346, 357 
Aldehydophenoxycarbonic ester, 345 
Aldehydophenylglycine, 279 
Aldehydophenylthiocarbimide, 279 
Aldehydosalicylic acid, 375 
Aldolaniline, 84 
Alectoria divergens, 226 
Algol pink R, 659 
Algol scarlet G, 659 
Algol yellow WG, 659 
Alizarin, 219, 384, 521, 645, 650, 653, 
661, 663 ff., 665 
Alizarin amide, 663 
Alizarin black, 630 
Alizarin blue, 663 
Alizarin bordeaux, 665 
Alizarin brown, 666 
Alizarin cyanine green, 661 
Alizarin dimethyl ether, 663 
Alizarin lakes, 663 
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Alizarin methyl ether, 663 
Alizarin orange, 663 
Alizarin pentacyanine, 665 
Alizarin pure blue, 661 
Alizarin saphirol, 661 
Alizarin sulphonio acid, 664 
Alizarin yellow, 521 
Alkali blue, 538 
Alkoxyisochavibetol, 348 
Alkozyisoeugenol, 348 
Alkyl group migration, 282, 341, 399 
Alkylphenylene phosphite, 220, 
Allobromocinnamic acid, 466 
Allochloroaininocinnamic acid, 468 
Allochlorociniiamic acid, 466 
Allochrysoketocarboxylic acid, 637 
Allocinnamalacetic acid, 480 
Allocinnamic acid, 419, 464, 4(^5 
479, 488 

Allocinnamic acid dibromide, 420 
Allocinnamic acid dichloride, 420 
Alloiodocinnamic acid, 466 
Allokawain, 485, 4S7 
Allomethysticin, 485, 4S7 
Allonitrooinnamic acid, 468 
Allylacetophenone, 460 
Allylapionoldimethylmethylene ether, 

455 

Allylbenzeno, 254, 44^ 

Allylbenzoic acid, 462 
AUylbenzoylacetic acid, 431, 460, 4^7 
Allylcatechol, 219, 452 ff. 
Allylcatecholmethylene ether, 452 
Allyldesoxybenzoin, 562 
Allylene, 37, 38 
Allylfluorene, 682 
Allylguaiacol, 452 ff, 

Allylhydroquinone, 369 
Allylindene, 593 
Allylnaphthalone, 613 
Allylphenol, 193, 347, 4^0 ff, 
AUylphenylacetic acid, 471 
Allylphenylhydrazine, 151 
Allylphenylmagnesium halide, 450 
Allylphthalirnide, 386 
Allylsalicylic acid, 471 
Allyltetramethoxybenzene, 455 
Allyltrihydroxybenzeneraethylenemethyl 
ether, 454 

AUyltrimethoxybenzene, 454 
Allylveratrol, 452 

Almond oil, artificial, bitter. See Nitro¬ 
benzene. 

bitter. See Benzaldehyde. 

Aloe, 664 
Aloe-emodin, 665 
Aloes, extract, 225 
Aluminium chloride synthesis, 38 
Aluminium phenate, 188 
Amanita mttecaria, 508 
Amaric acid, 588 
Amarine, 272 
Aminoacenaphthene, 685 


Aminoacetaminophenylarsinic acid, 168 
Aminoacetocatechol, 402 
Aminoacetophenone, 1^86 ff.^ 327, 353, 
383, 401, 404, 480 
Aminoalizarin, 663 
Aminoanilic acid, 240 
Aininoanilidoquinonemonimine, 76 
Aminoanisole, 239 
Aminoanthracene, 650 
Aminoanthraquinone, 688, 666 
Aminoanthrol, 650 
Aminoauriiie, 543 

Aminoazobenzene, 106, 129, 130, 139, 
141 179,235,247,331,624 

Aminoazobenzenedisulphonic acid, 179 
Amlnoazobenzenetrisulphonic acid, 179 
Aminoazo dyes, 109, 141 
Aminoazonaphthalone, 617, 618 
Aminoazotoluene, 139, 14^ 
Aminobenzaldehyde, 275, 278, 279, 327, 
346, 488, 527, 535, 599, 660 
Aminobenzanthrone, 698 
Aminobenzcne. See Aniline. 
Aminobenzenesulphanilide, 501 
Aminobenzenesulphonicacid, 177 jf. 
Aminobenzidine, 498 
Aminobenzoic aldehydic acid, 382 
Aminobenzonitrile, 322, S29, 387 
Aminobenzophenone, 513, S18, 669, 

678,681 

Aminoberizoplienonecarboxylic acid, 682 
Aminobenzoyl carbinol, 405 
Aminobenzoyldimethylaminomethylbu- 
tanol, 329 

Aminobenzoylformic acid, 424 
Aminobenzoylglyoxylic acid, 433 
Aminobenzyl alcohol, 261 ff., 327, 335, 
512 ff., 524 

Aminobenzylamine, 261,263 
Aminobenzylaniline, 262, 511 
Aminobenzyl chloride, 262 
Aminobenzylideneacetone, 460 
Aminobenzylideneaniline, 263 
Aininobenzylmalonic acid, 4S6, 488 
Aminobenzylphenol, 512 
Aminobiitylbenzene, 80 
Aininobutyrophenone, 406 
Aminocaprophenone, 406 
Aminochlorostyrene, 448, 449 
Aminocinnamic acid, 414, 445, 487, 488, 
473,475,483 

Aminocoumaric acid, 475 
Aminocresol, 242 
Aminocyclohexane, 74, 76 
Aminocymene, 27 
Aminodibenzoylbenzene, 524 
Aminodihydroxyacetophenone, 402 
Aminodihydroxypheuylethanol, 402 
Aminodimethoxyacetophenone, 406 
Aminodimethoxycinnamic acid, 382 
Aminodimethylaniline, 106 ff,, 179, 427 
Aminodimethylphlorogluoinol, 240 
Aminodinitronaphthalene, 614 
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Aminodiph<$nio acid, 506 
Aminodiplienyl, 137,4P7, 504 
Aminodiphenylamine, 107, 346, 180, 245 
497, 567 

Aminodiphenyldiphenylonemethane, 679 
Aminodiphenylfluorene, 679 
Aminodiphenylguanidine, 97 
Aminodiphenylmethane, 511 ff., 522 
Aminodiphenyl sulphide, 181 
Aminodiphenyltriazole, 311 
Aminoditolylamine, 106,145 
Aminoethylbenzene, 80 
Aminoethylindene, 594 
Aminoethylpiperonylcarboxylic acid, 382 
Aminofluoranthene, 690 
Aminofluorene, 679 
Aminufluorenesulphonic acid, 679 
Aminofluorenone, 681 
Aminoformazyl, 164 
Aminofuchsoneimine, 532 / 

Aminoguaiacol, 219 
Aminohemipinic acid, 389 
Aminohydratropic acid, 330, 364, 41S ff. 
Aminohydratropic acid lactam, 330 
Aminohydrazobenzene, lOT 
Aminohydrindene, 597 599 

Aminohydrindone, 599 
Aminohydrocarbostyril, 330 
Aminohydrocinnamic acid, 284, 321, 3S0 
Aminohydrocinnamic acid lactam, 330 
Aminohydroquinone, 228 
Aminohydroxyanthraquinone, 658 
Aminohydroxybenzoic arid, 362 
Aminohydroxydiphenic acid, 506 
Aminohydroxydiphenyl, 502 
Aminohydroxydiphenylamino, W7, 246 
Aminohydroxyhydrindone, 596 
Aminohydroxyisopropylbenzoic acid, 379 
Aminohydroxymethylbenzoic acid, 377 
Aminohydroxynaphthaleiieazobcnzene- 
sulphonic acid, 630 
Aminohydroxynaphthoic acid, 636 
Aminohydroxyphenanthrene, 673 
Aminohydroxyphenylarsoiiic acid, 168 
Aminoindazole, 322 
Aminoisophthalic acid, 390 
Aminoisopropylindene, 594 
Aminoleuoom^achite green, 533 
Aminomalachite green, 533 
Aminomandelio acid, 82, S30 
Aminomandelic acid lactam, 411 
Aminomesitylene, 67, 79, 189. See also 
Mesidine. 

Aminomethylcoumarin, 475, 477 
Aminomethyldiphenyl, 500 
Aminomethylhydrindone, 395 
Aminomethylindene, 591 ,594 
Aminomethylumbelliferone, 477 
Aminonaphthalene. See Naphthylamine. 
Aminonaphthalenesulphonic acid, 502 
Aminonaphthaquinone, 629 
Aminonaphthaquinone anil, 683 
Aminonaphthaquinoneimine, 629, 633 


Aminouaphthoio acid, 635 ff. 
Aminonaphthol, 633 ff., 628, 631, 633 
Aminonaphtholsulphonio acid, 502, 636, 
633 

Aminonaphthylmercaptan, 628 
Aminonaphthylphenylamine, 633 
Aminonitroanthraquinone, 658 ff., 660 
Aminonitrobenzaldoxime, 276 
Aminonitrodiphenyl, 498 ff, 
Aminonitrofluorene, 679 ff, 
Aminonitrohydrocinnamic acid, 330 ff» 
Aminonitrophenylacetic acid, 330 
Aminonitrostilbene, 561 
Aminodctylbonzene, 80 
AminoOrcinol, 225 
Aminodxindole, 330 
Aminopentarnethylbenzene, 79 
Aminophenanthraqiiinone, 676 
Aminophenanthrene, 673 
Aminophenanthrol, 673, 676 
Aininophene. See A niline, 

Aininophenol, 68, 72, 184, 306, 226, 
235, 242, 244#., 248, 475, 551, 676 
Aminophcnolsulphonic acid, 61, 69, 313, 
239, 242, 319 

Aminophenylacetic acid, 321 ,330 
Aminophenylaceticlactam, 330 
Aminophenylacetylene, 286, 447 ,480 
Aminophenylulanine, 416 ff. 
Aminophenylarsine oxide, 168 
Aminophenylarsinicacid, 166 ,168 
Aminophenyl azide, 132 
Aminophenylbenzoic acid, 504 
Aminophenyl cinnamic acid, 669 
Aminophenyleneoxaminicacid, 143 
Aminophenylethanol, 401 
Aminophenylethyl alcohol, 261, 336, 401, 
445 

Aminophenylethylamine, 336 
Aminophenylfluorime, 541 
Aminophenylfluorone, 641 
Aminophenylglyceric acid, 420 
Aminophenylglyoxylic acid, 4^4, 4^7 
Aminophenylguanidine, 160 
Aminophenyllacticacid, 415 
Aminophenylmethylhydrazine, 150 
Aminophonylpheny lenediamine, 106 
Arainophenylpropanol, 401 
Aminophenylpropiolic acid, 286, 447, 430 
Aminophenylquinoline, 571 
Aminophenyltartronic acid, 427, 436 
Aminophenyl tolyl ketone, 681 
Aminophenylurethane, 106 
Aminophthalic acid, 389 
Aminophthalide, 377 
Aminophthaliipide, 377 
Aminopiperonal, 349 
Aminopropiophenone, 405 ff. 
Aminopropylbenzene, 80 
Aminopyrogallol dimethyl ether, 239 
Aminopyrogallol trimethyl ether, 330, 
232 

Aminoquinone, 239 
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Aminoquinoneimine, 244 
Aminosafrol, 453 
Amiiiosalicylio acid, 86 ^, 367 
Aminosaligcnin, 337 
Aminostyrene, 44^f 449, 462 
Aminosulphobenzoio acid ester, 92 
Aminosulphonio acid G, 620 
Aminosulphonic acid R, 620 
Aminoterephthalio acid, 396 
Aminoterphenyl, 497, 507 
Aminotetrahydroxybenzene, 232 
Aminotetramethylbenzene, 79 
Aminotetramethyltriaminotriphenylmeth- 
ane, 537 

Aminotetraphenylmethane, 551 
Aminothiophenol, 361 
Aminotoluene. See Toluidine. 
Aminotriphenylamine, 108 
Aminotriphenylcarbinol, 526, 531, 532 
Aminotriphenylmethane, 536, 538 
Aminothymol, 27, 237, 242 
Aminotyramine, 338 
Aminotyrosine, 417 
Aminouraminobenzoic acid, 329 
Aminovalerophenone, 406 
Aminovanillin, 349 
Ammonium cinnamate, 445 
Amygdalin, 268, 410 
Amylaniline, 80 
Amylbenzene, 39 
Amylbonzylaniline, 258 
Amylcinnamaldehyde, 458 
Amylcinnamic acid, 469 
Amyldihydroxybenzene, 226 
Amylphenol, 29, 191 
Amylphenylhydrazine, 150 
Anaesthesin, 329 
Andropogon odoratua, 476 
Anethole, 346 ff., 363, 399 ff., 427, 448, 
450 ff. 

Anethole dibromide, 401 
Anetholemethyl iodohydrin, 457 
Anethole nitrite, 450 
Anethole oxide, 400 
Anethole psoudonitrosito, 450 
Atiethum foeniculum, 450 
Anethum graveolena, 455 
Angraecum fmgrana, 473 
Anhaline, 337 
ArthaJUmium species, 337 ff, 
Anhydroacetonebenzil, 509 
Anhydroaminobenzaldehyde, 280 
Anhydroaminobenzyl alcohol, 261 
Anhydroaminotriphenylcarbinol, 532 
Anhydrobisaminobenzophenone, 519 
Anhydrobishydrindone, 598 ff, 
Anhydrodimethylaminobonzaldehydedi- 
methylaniline, 279 

Anhydroformaldehyde aniline, 84% 90, 
262,336, 343 

Anhydrohippurio acid, 302 
Anhydrohydroxyvinylbenzoio acid, 482 
Anhydrosulphonamidobenioic acid, 333 


Anhydrotriaminodipbenyltolylcarbinol, 

534 

Anil. 75 

of glyoxylio acid, 91 
of pyruvic acid, 91 
of uvitonic acid, 91 
Anilido-. See also Antlmo^, 

AnUidoacetic acid, 90 ff, 
Anilidoacetonitrile, 84 
Anilidobutylideneaniline. 84 
Anilidocrotonic acid, 91 
Anilidohydroxynaphthaquinone, 629 
Anilidoisobutyric acid, 91 
Anilidomalouic acid, 101 
Anilidomethyloxonaphthalene dihydride, 
622 

Anilidonaphthaquinone, 629 
Anilidophenylanthranilic acid, 325 
Anilidophosphoric dichloride, 86 
Anilidopropionic acid, 91 ff, 
Anilidopropionitrile, 84 
Anilidopyrotartaric acid, 101 
Aniline, 36, 58 ff., 67, 68, 71 ff„ 75 ff„ 
85#., 90,91 ff., 98,104, 111, 168,177#., 
186, 201, 217, 234 ff., 244, 246 #., 258, 
260, 262, 266, 272 ff., 286, 291, 300, 
305, 310, 313, 321, 346,412#., 423,426, 
443, 513, 526 ff., 534#., 538, 542, 544. 
565, 607, 615, 668 
Aniline black, 76 ff,, 235, 343 ff. 

Aniline blue, 84 #., 538 
Anilinedisulphonic acid, 177 
Aniline oil, 79 
Aniline oxide, 77 
Aniline salts, 77 

Anilinesulphonic acid, 69, 86, 146, 177, 
333 

Anilino-. See also Anilido-, 
Anilinoaceticphenylhydrazide, 156 
Anilinoaminonaphthol ether, 625 
Anilinoanthrone, 653 
Anilinodiacetic acid, 91 
Anilinodiacetic acid anhydride, 91 
Anilinodimethylpyrrole, 154 
Anilinoguanidine, 160 
Anilinohydroxytoluquinone, 240 
Anilinomethyleneacetoacetic ester, 89 
Anilinomethylenemalonic ester, 89 
Anilinonaphthaquinone anil, 633 
Anilinophenylacetio acid, 413 
Anilinophenylacetonitrile, 413, 424, 433 
Anilinoquinone, 236 
Anilinotriphenylcarbinol, 532 
Anilobiguanide, 160 
Anil succinimide, 160 ff, 

Anionoid reagent, 22 
Anisalaminoacetophenone, 286 
Anisal chloride, 346 

Anisaldehyde, 336, 346, 402, 412 #., 
450 #.. 476, 538 
Anisamide, 363,568 
Anise alcohol, 336 
Anise ketone, 353 
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Anise oil. 346. 349. 353. 363. 450 
Anisic acid. 192. 346. 856, 368, 363, 
427, 450. 533. 539 
Anisidine. 502 
Anisil, 568 

Anisilic acid. 556, 568 
Anisoin. 564t 568 

Anisole. 122. 193, 346, 363. 432. 491, 
512, 540, 547 

Auisolecarboxylic ester. 451 

AnisoUne. 551 

Anisoylglyoxyl acid. 433 

Anisylamine. 336 

Anisyl chloroinethyl ketone, 337 

Anisyldiphenylcarbinol, 539 

Anisyl ethyl ketone, 450 

Anisylidene-, See also AniaaU, 

Anisylidenenitromethane. 337 

Anisylketobutyric acid, 432 

Anisylmagnesiuin halide. 450, 542 

Anisylmethylvinyl alcohol, 456 

Anisylpropyleneglycol. 450 

Annidaline, 190 

Anol, 450, 451 

Anthanthrene, 706 

Anthanthrone, 706 

AnLhemis nobilia, 476 

Anthracene, 34, 37 ff., 41. 201, 511, 515. 

522, 590, 645. 647, 650, 654 if,, 668 
Anthracene blue, 666 
Anthracene brown. 666 
Anthracenecarboxylic acid, 654* 666 
Anthracenedicarbozylic acid, 654 
Anthracenedisulphonic acid, 650 ff. 
Anthracenehexahydride, 656 
Anthraceneoctahydride, 656 
Anthracene oil, 35, 36 
Anthraoeneperhydride, 656 
Anthraoenesulphonic acid, 650, 654 
Anthracenetetrahydride, 656 
Anthracenoanthracene, 708 
Anthrachrysone, 367, 665 
Anthradiamine, 650 
Anthradiquinone. 665, 667 
Anthraflavinic acid. 661, 664 
Anthraflavone. 657, 710 
Anthragallol, 665 
Anthragalloldimethyl ether. 663 
Anthrahydroquinone. 650, 654t 657 
Anthramine, 650 

Anthranil, 60. 64. 261. 278, 321, 324, 
331, 382, 407. 421, 426, 518 
Anthranilic acid, 60. 63, 261 ff., 278. 
381 ff., 323, 325, 388, 330, 333, 348, 
355#., 360#., 387#., 390, 392, 532 
Anthranilic acid diazide, 330 
Anthranilic betaine, 385, 329 
Anthranilic diformalide, 326 
Anthranilic fomialide, 326 
Anthranilidoaoetic acid, 327 
Anthranilidoacetonitrile. 326 
Anthranilidodiacetic acid, 326 
Anthranllidodiacetonitrile, 326 


Anthranilino*. See also Anthranilido^. 
Anthranilinosodiumniethylene sulphoxyl- 
ate, 322 

Anthranilonitrile, 328 
Anthranilothioamide, 388, 328 
Anthranol, 376, 522, 651, 654#. 
Anthranol acetate, 651 
Anthranolcarbozylio acid. 522 
Anthranol ethyl ether, 651 
Anthranol methyl ether, 651 
Anthranoylanthranilic acid, 323 
Anthranoyl chloride hydrochloride, 322 
Anthraphenone, 654 
Anthrapurpurin, 661. 665, 666 
Anthrapyramidone, 660 
Anthrapyrimidine, 660 
Anthraquinoline. 663 
Anthraquinone. 385, 522. 555, 631, 
646. 647, 649, 650, 651. 655. 656, 657, 
660. 664, 667, 696. 697 
Anthraquinonecarboxylic acid. 524, 648, 
654,^55 

Anthraquinone chloride, 649 
Anthraquinonediazide, 660 
Anthraquinonedicarboxylic acid, 666, 701, 
712,713 

Anthraquinonediimide, 660 
Anthraquinonedisulphonic acid, 661, 665 
Anthraquinone green, 661 
Anthraquinonemercaptan, 667 
Anthraquinone phenylhydrazone, 651 
Anthraquinonesulphenic acid, 667 
Anthraquinonesulphonic acid, 650, 660 
Authrarobin, 653 
Anthrarufin, 651, 653, 664 * 

Anthratriquinone. 667 
Anthrodianthrene, 710 
Anthrodianthrone, 710 
Anthrol, 650 

An throne, 649, 051, 653 #., 657 
Anthroxanaldehyde, 407, 421, 426 
Anthroxanamide, 411 
Anthroxanic acid, 278, 486 
Anthroyl chloride. 707 
Aiitiarol, 232 
Antidiazohydrate, 120 
Antifebrin, 77, 88 
Antipyrine, 77, 148, 151 
Apiolaldehyde, 350, 351 
Apiole, 219, 232, 448, 455 
'Apiolic acid, 232 
Apionc. 232 

Apionecarboxylio acid. 232 

Apionol, 838, 455 

Apocyana, 352 

Apocynin, 352 

Apocynol, 338, 352 

Aqiui amygdalarum amararum, 269 

Araroba powder, 664 

Arbutin, 226 

Aristol, 190 

Aromadendrin. 521 

Aronuttic compounds of boron, 169 
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Arsaoetin, 168 
Arsanilic acid, 168 
Arsenanilidodibromide, 87 
Arsenanilidodichloride, 87 
Arsenanilidodimothyl ether, 87 
Araendianilidomonochloride, 87 
Arsenobenzene, 168 
Arsphenaniine. See Salvaraan, 

Arterenol, 402 
Arylleucauramine, 614 
Arylphenylene phosphite, 220 
Asa foetidaf 222, 366, 476 ff, 

Asaronic acid, 371 ,454 
Asarone, 350, 448, 45A 
Asarum arifolium, 453 
Asarum europaeum, 452, 454 
Aaarylaldehyde, 350, 371, 417, 454, 478 
Asparagine, 414 jf. 

Aapenda odorala, 474 
Aspidinol, 353 
Aapidium fiU^ mas, 231 
Aspirin, 357 
Aspirin chloride, 358 
Asymmetry, molecular, 495, 638 
Atoxyl, 166, 168 
Atranol, 360, 368 
Atranorin, 368 
Atrario acid, 368 
Atroglyceric acid, 404, 41^ 

Atrolactic acid, 296, 418 ff. 

Atroinentic acid, 586 
Atromentin, 608, 686 
Atropa belladonna, 478 
Atropic acid, 414 ff,, 419, 433, 458, 464, 
470 

Atropicaldehyde, 458 
Atropic isomerides, 495, 508 
Atropine, 413 
Atroxindole, 330 
Aiiramine, 614, 617, 619 
Auramine base, 619 
Aurantia, 104 

Aurine, 188,625,636,639, 648 ff. 
Australol, 189 » 

Ayapana oil, 227 
Azibenzil, 554, 666 
Azidobenzaldehyde, 278, 879 
Azidobenzaldozime, 331 
Azimidol, 150 
Aziminobenzene, 108 f 
Aziminobenzoio acid, 329 
Azlaotones, 267, 301, 302, 368, 371, 416, 
467 

Azoacetophenone, 286 
Azoaniline, 148, 242 
Azobenzaldehyde, 278 
Azobenzene, 59 ff., 76 ff., 82, 120,135 ff., 
137, lUff., 497, 607 
Asobenzeneoarbozylio acid, 331 
Azobenzenehydrazinesulphonic acid, 147, 
166 

Azobenzenetrimethylammonium iodide, 
142 


Azobeuzide. See Azobenune. 

Azobenzoio acid, 331 
Azobenzyl alcohol, 261 
Azo black dyes, 620 
Azodibenzoyl, 303 
Azodicarboxylic anilide, 94 
Azo dyes, sulphonated, 179 
Azo dyestuffs, 138, 223, 225, 237, 394, 
612 

Azo indicators, 141 
Azomethine compounds, 105 
Azonaphthalene, 617 ff. 
Azonaphthalenediazosulphonic acid, 620 
Azonaphthol, 631 
Azodpianic acid, 388, 389 
Azophenine, 77, 847 
Azophenol, 811, 245 
Azophthalic acid, 389 
Azorubin S, 620 
Azostyrene, 445 
Azotetraline, 642 
Azotoluene, 138, 145 
Azotrimethylbenzene, 138 
Azotriphenylmethane, 530 
Azoviolet, 602 
Azoxyacetophenone, 286 
Azoxyaniline, 135 
Azoxyanthraquinone, 658 
Azoxybenzaldehyde, 877, 331 
Azoxybenzene, 69, 67, 68, 76, 82, 133, 
134 ff., 136 

Azoxybenzide. See Azoxyhemone, 
Azoxybenzoic acid, 320, SSI ff. 
Azoxybenzyl alcohol, 261 ff. 

Azoxylene, 138 
Azoxymandelic acid, 411 
Azoxynaphthalene, 617, 618 
Azoxyphenylacetylene, 447 
Azoxyphenylpropiolic acid, 331, 447, 430 
Azoxyphthalic acid, 389 
Azoi^etraline, 642 
Azoxytoluene, 136, 331 
Azulin, 542 
Azurin, 246 

Azyline, 142 \ 

B 

Bacillus proteua, 416 
Badische acid, 620 
Bakelite, 186, 187 

Baking process, 178 ^ 

Balsam of Peru, 251, 290, 297, 347, 464 

Bamba oil, 455 

Barbaloin, 665 

Bayer 205, 620 

Bay oil, 450, 452 

Beckmann transformation, 278, 284, 
313, 330, 469, 517, 523, 566, 577, 597, 
681, 686 
Beech bark, 347 

Beechwood tar, 189, 219, 221, 225, 230, 
451,503, 543 
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Beet shoots, 414 

Bens-. See also Bento- and BenzoyU, 
Bensal-. See also Benzylidene. 
Bensalaminoguanidine, 312 
Bensalaniline, 258, S72, 413, 423, 488, 676 
Benaalasine. 257. 259, 303 659 

Benzalbensamidine, 309 
Bensalbenzenylhydrasidoxime, 316 
Bensalbenzoylacetic acid, 589 
Benaalbenzoylpyruvio acid, 588 
Benzalbenzylacetone, 587 
Benzalbenzylcyanide, 57It 581 
Benzal bromide, 271 

Benzal chloride. 45, 54. 55.171, 269, £71, 
374, 464, 525, 526, 559. 656 
Benzal fluoride, 271 
Benzalhydrazone, 272 
Benzaldehyde. 41. 43, 54, 67. 69, 134, 
144, 159, 171, 235, 249, 251 256 

260, 263, £68 ff., 271 290, 298, 303, 

306, 308, 309, 312, 316, 335, 345, 374. 
381. 385, 398, 402. 403, 406, 409 
417, 419 ff.t 423, 428, 431 436. 

444#., 458,460#., 466., 469,484,486#., 
490, 504, 505, 512 #., 521, 626 #.. 533. 
636. 539 #., 543, 560 564 #., 567, 

571, 577, 679 #., 584 #., 687 #.. 589. 
594, 634, 639, 651, 678 
disproportionation, 267 
Benzaldehyde ammonia, 272 
Benzaldehydeazobenzoio acid, 331 
Benzaldehyde cyanhydrin, 423 
Benzaldehydedisulphonic acid, 280 
Benzaldehyde hydrazone, 165 
Benzaldehyde potassium bisulphite, 271 
Benzaldehyde sulphonic acid, 263, £80, 
333, 469 

Benzaldehyde sulphoxylate, 271 
Benzaldiketohydrindene, 599 
Benzaldiphenylindene, 582 
Benzaldiphenyl maleide, 572 
Benzaldivanillin, 543 
Benzaldoxime, 256, 260#., £73, £74* 313 
Benzaldoxime acetate, 274 
Benzaldoxime benzyl ether, 260, £74 
Benzaldoximecarboxamide, 275 
Benzaldoxime carboxylic acid, 380 
Benzaldoxime methyl ether, 274 
Benzalnitroacetophenone, 577 
Benzalphenylhydrazone, £73, 311 
Benzfdphthalide, 569, 5^, 600 
Benzalphthalimidine, 570 
Benzamarone, 578, 588 
Benzamide, 251, 257, 300, 302, 308, 315, 
467 

Benzamidine, 308 ,309 
Benzamidinediazobenzene, 309 
Benzamidinephenylthiotirea, 309 
Benzamidinewethane, 309 
Benzamidobromide, 307 
Benzamidochloride, 306 
Benzamidoiodide, 307 


Benzamidoxime, 308, 312, 315 #. 
Benzanilide, 98, 300, 307 
Benzanilide chloroiodide, 307 
Benzanilide imidochlcride, 307, 517 
Benzanthracene, 695 #. 
Benzanthracenecarboxylic acid, 699 
Benzanthraquinone, 696 #. 

Benzanthrene, 697 
Benzanthrone, 696, 697 #. 
Benzanthroneoarboxylic acid, 698 
Benzarsinic acid, 300 
Benzaurine, 539, 540 
Benzazanil, 328 
Benzazimido, 328, 330 
Benzazurine, 502 
Benzdianthrone, 709 
Benzdiindene, 690 
Benzeins, 539, 540 

Benzene, 2 #., 5 #., 13 #., 16 #., 25 #., 
28 #.. 33 #., 37 #., 49 #., 57 #.. 60 #.. 
201, 235, 269, 283, 291, 295, 308, 384, 
404#.. 423,431 #., 443,446,460,493#.. 
507 #., 520, 522 #., 530, 544, 555, 557 
#., 569, 571, 573, 580, 588, 598, 605. 
645, 649, 653, 655, 666, 668, 679, 682, 
696#.. 700. 702, 70S 
formulae, 20 

isomerism of derivatives, 6 
ring formation, 25, 364, 367, 393 
ring rupture, 28 
synthesis, 16, 27 
theories, 2, 16 #. 

Benzeneazo-. See also Phenylazo-. 
Benzeneazoacetoacetio ester, 138,152 
Benzeneazoacetylacetone, 164 
Benzeneazoaminocrotonic ester, 138 
Benzeneazoanthramine, 650 
Benzeneazoanthranol, 651 
Benzeneazobenzyl alcohol, 262 
Benzeneazodimethylaniline, 142 
Benzeneazodiphenyl, 126,135 
Benzeneazodiphenylamine, 142 
Bonzeneazoethane, 138, 151, 163 
Benzcneazomothanc, 135, 138, 151 
Bcnzeneazonaphthalene, 618 
Benzeneazonaphthol, 628, 636 
Benzeneazonaphthylphenylamine, 61 ^ 
Benzeneazonitrornethane, 138 
Benzeneazophenanthrol, 673 
Benzeneazophenylcyanamide, 142 
Benzeneazophenylglycine, 142 
Benzeneazoresorcinol, 223 
BenzeneazQsalicylic acid, 362 
Benzoneazosulphonic acid, 121 
Benzeneazotoluene, 138, 144, 331 
Benzenecarboxylicseleninic acid, 334 
Benzeneoarboxylicselenonic acid, 334 
Benzenediazo-. See also Phenyldiato-, 
Benzenediazoaoetanilide, 129 
Benzenediazoamide, 128 
Benzenediazoaminoazobenzene, 128 
Benzenediazoaminotoluene, 130 
Benzenediazoanilide, 128 
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Beazenediazocyanamide, X29 
Benzenediazohydroxy aminomethane, 131 
Benzenediazohydroxyphenylmethylazu- 
ide, 131 

Benzenediazonium chloride, -fluoride, 
-sulfate. Bee Pfienyldiazonium chloride, 
etc. 

Beuzenediazophenylmethylamide, 131 
Benzenediazophenylurea, 128 
Benzenediazosulfonic acid. 111 
Benzenodiazotate, 111, 117, 120 
Benzenedicarboxylic acid, 26, 384, ^90, 
393. See also / 60 -, tere-, phthalic add. 
Bouzenedisulphinic acid, 181 
Beuzeuedisulphonic acid, 176, 219, 222 ff. 
Beuzenedisulphoxide, 182 
Benzene hoxabroinide, 49 
Benzenehexacarboxylic acid, 26, 48, 397 
Benzene hexachloride, 49 
Benzenehydrazotoluene, 138 
Benzoneiodoxy fluoride, 53 
Benzonepentacarboxylic acid, 397 
Berizeiioselcninic acid, 176, 181, 217 
Benzcnoscleninic add anhydiide, 181 
Beiizeneseleiionic acid, 176, 181 
Benzenefeulph-. See also Bemenesulpho- 
and -eulphone-. 

Benzenesulphanilidc, 176 
Benzcnesulphonic acid, 182 
Benzenesulphenic iinide, 182 
Benzenesulphinic acid, 86, 137, 175, 
181, 183, 228, 236, 334, 385 
Benzenesulphodichloroamido, 175 
Benzenesulphoisatin, 426 
Benzenesulphonamide, 175 
Benzenesulphoneaiithraiiilic acid, 323 
Benzenesulphono azide, 175 
Benzonesulphone hydrazide, 175 
Benzenesulphoncisocyanate, 175 
Benzenesulphonephenylhydrazide, 155, 
176 

Benzenesulphonic acid, 34, 174, 179, 183, 
187, 282, 291, 305, 447, 510 ff. 
Benzenesulphohydroxamic acid, 66, 70, 
114, 176, 180, 267, 313 
Benzenesulphonitramide, 175 
Benzenesulphonodiazobcnzoneamide, 175 
Benzenesulphonyl chloride, 155, 175, 426 
Benzenesulphonyl fluoride, 175 
Benzenesulfonylphenylhydroxylamine, 69 
Benzenetetracarboxylic acid, 26, 396 
Benzenethiosulphonic acid, 180 ff. 
Benzcnetricarboxylic acid, 25, 287, 396, 
396, 677, 683 

Benzene triozonido, 28, 34 
Benzenetrisu]phonic acid, 176, 230, 395 
Benzenylamidoxime, 315 
Benzenylainidoximebutyric acid, 316 
Benzenylamidoximeglycolic anhydride, 
316 

Benzenylaminothiophenol, 268, 300, 30<S 
Benzenylaminoximeaoetic acid, 314 
Benzenylbromoximeacetio acid, 314 


Benzenylchloroximeacetio acid, 314 
Benzenyldihydroxytetrazotio acid, 309, 
310 

Benzenyldiphenyldiureide, 309 
Benzenylethylenediamine, 308 
Benzenylfluoroximeacetic acid, 314 
Benzenylhydrazidine, 308, 310 
Benzenylhydroxylamineacetic acid, 314 
Benzenylhydroxytetrazotic acid, 310 
Benzenylmethoxime chloride, 314 
Benzenylnitrazone, 311 
Benzenylnitrosazone, 311 
Bcnzenylnitroximeacetic acid, 314 
Benzenyloximidocarbonic ester, 316 
Benzenyloximidoglycolic acid, 317 
Benzenyloxyazoxime, 316 
Benzenylphenylamidine, 308 
Benzenylphenyltolylhydroxyamidine, 316 
Benzenyltetrazotic acid, 310 
Benzenyltolylphenylhydroxyamidine, 316 
Benzenyl trichloride. See Bemotrichloride. 
Benzhydrilamine, 613, 516 
Benzhydrylben zoic acid, 622 
Benzhydrol, 510, 612, 525, 526, 538, 556, 
574 

Benzhydrol carboxylic acid, 510, 622 
Benzhydroldicarboxylic acid lactone, 
522 if. 

Benzhydrol ether, 513 
Benzhydrol tricarboxylic acid, 522 
Benzhydroxamic amide, 315 
Benzhydroxamoxirne, 314, 316 
Benzhydroximic chloride, 312, 314, 316 
Benzhydrylhydrazinc, 513 
Benzhydrylhydroxylamine, 513 
Benzhydrylidenephenyldihydroanthra- 
cene, 652 

Benzhydrylidenephenylhydroxydihydro- 
anthracene, 652 

Benzhydrylphenylanthracene, 652 
Benzidam, 75 

Benzidine, 145, 235, 332, 495, 407, 498 
506, 507, 585, 6IS 
rearrangement, 145, 497, 499, 618 
Benzidine azo dyes, 499 
Benzidine blue, 497 
Benzidinedicarboxylic acid, 505, 507 
Benzidinedisulphonic acid, 180 
Benzidine dyes, 179, 499 
Benzidine sulphate, 498 
Benzidine sulphone, 498, 500 
Benzidinedisulphonic acid, 500 
Benzil, 556. 562, 665, 567 ff., 571, 573, 
584 ff., 589, 682 
Benzil anil, 567 
Benzilcarboxylic acid, 570 
Benzil dianil, 567 
Benzildiazide, 561, 665 
Benzildicarboxylic acid, 522, 670, 694 
Benzildihydrazone, 561 
Benzil dioxime, 564, 666 
Benzil disetnicarbazone, 565 
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Benziiio acid, 555, 558, 565, 567 ff., 

575, 629, 680, 682 
transformation, 586, 593, 599, 610 
Bensilide, 556 

Benadlosasone, 165, 273, S6d 
Bensiloxime, 423, S66 if. 
Bensilsemioarbasono, 565 
Benximidoethyl ether, SOS 
Benaimidomethyl ether, 308 
Bensimidothioethyl ether, 309 
Bensimidothiophenyl ether, 309 
Benziminazole, 108^. 
Benziminazolephenylcarboxylic acid, 

108 if. 

Benziminazolone, 108 
Benziminoethyl ester, 328 
Benzindandione, 688 
Benzisothiazole, 262, 263 
Benzisoxazole, 278 
Benzisoxazolone, SSO, 321 
Benznaphthene, 640, 699 
Benzo-. See also Benz^, 
Benzoaoenaphthcne, 688 
Benzobetaine, SSS, 329 . 
Benzocreatinine, 325 
Beuzodiazthine, 159 if. 

Benzofluoreiie, 683 
Benzofluorenone, 683 ff,, 697 
Benzofluoreiionecarboxylic acid, 684 
Benzofulvanol, 594 
Benzofulvene, 591, 394 
Benzofulvenecarboacetic acid, 595 
Benzofulvenecarboxylio acid, 595 
Benzofuroxane, 67, 133 
Benzohydrindene, 688 
Benzohydrindone, 688 
Benzohydroxamio acid, 97, 257, 273, SIS 
Benzoic acid, 34 if., 40, 43 if., 52, 54, 134, 
170, 249 if., 253 if.. 257, 269, 283, 287 
S90ff,, 294. 300 if.. 313#., 334, 355, 
381, 384, 410, 423, 429, 438, 443, 446, 
470, 494, 514 if., 520 if,, 522, 541, 547, 
559 if., 566 if., 573 if,, 576, 579, 583, 
608, 661, 680, 696 
Benzoic acid esters, 195, 296 
Benzoic acid trichloride. See Benzolri- 
chloride. 

Benzoic anhydride, 298, 317, 437 
Benzoic arsenious anhydride, 298 
Benzoic boric anhydride, 298 
Benzoic carbonic anhydride, 299 
Benzoin, 268, 554, 556, 558, 562 if., 664, 
568, 570, 573 
Benzoinanilsnilide, 566 
BenzoinanUide, 565 
Benzointoluidide, 565 
Benzomethylmetadiazine, 280 
Benzonaphthalene, 640, 699 
Benzonitrile, 89, 98, 257, 275, 300, SOS 
309, 315 if., 430, 515, 566 
Benzonitrile hexachloride, 306 
Benzonitrile oxide, 281, 314, 315, 566 
BenzonitroUc acid, 274, SI 4 ff* 


Benzonitrosolio acid, 314, 317 
Benzophenol. See Phenol. 
Benzophenone, 39 if., 280, 374, 510, 
512 SIS, 526, 532, 552 #., 555 if., 
573 if., 578, 581, 585, 655 
Benzophenone anil, 616, 530 ff* 
Benzophenone bromide, 516 
Benzophenonecar boxy lie acid, 521, SSS 
Benzophenone chloride, 515, 616, 526, 
532, 540, 573, 651 

Benzophenonedibenzylmercaptol ,516 
Benzophenonedicarboxylic acid, 523 
Benzophenone dichloride, 516 
Benzophenonediethylacetal, 516 
Benzophenonediethylrnercaptol, 516 
Benzophenonedimethy lace tal ,516 
Benzophenonedisulphonio acid, 520 
Benzophenone hexachloride, 517 
Benzophenone hydrazoiie, 517 
Benzophenone oxime, 300, 306 if., 516, 
617 

Benzophenouephenylhydrazone, 517 
Benzophenone semicarbazone, 517 
Benzophenonesulphone, 334 
Benzophenonesulphonic acid 333, 620 
Benzophenonetetracarboxylic acid, 524 
Benzophenonetricarboxylic acid, 524 
Benzophenylhydrazide im idochloride, 
307, 312 

Benzophenylimidoethyl xanthido, 309 
Benzopurpurin, 500 
Benzopyrone, 474 
Benzoquinone. See also Quinone. 
Benzoquinone-bis-diphenylmethane, 551 
Benzoquiiione-bisCtetramethyldiaminodi- 
phenylmethane), 551 
Benzoquinoneoxonium hydrosulphide, 

236 

Benzotetronic acid, 485 
Benzothiamide, 257 
Benzothiazole, 88, 98, 100 
Benzothiophene, 449 
Benzotriazine, 103 

Benzotrichloride, 54,187, 291, 297 ff., 317, 
520, 525, 533, 540, 542, 568 
Benzotrifluoride, 317 
Benzoxazine, 354 
Benzoylacetaidehyde, 408, 484 
Benzoylacetaldoxime, 408, 484 
Benzoylacetic acid, 382, 423, 439, 585 
589 

Benzoylacetic ester, 283, 417, 439, 433 ff., 
437 ff., 479, 484, 580 
Benzoylacetic ester diazoanhydride, 433 
Benzoylacetoacetic ester, 283, 408, 429, 
4S4 

Benzoylacetone, 408 , 423, 461, 579 
Benzoylacetonitrile, 430, 479 
Benzoylacetyl, 408 
Benzoylacetyl peroxide, 269, 399 
Benzoylacrylic acid, 431, 467, 588 
Benzoylalaiiine, 302 
Benzoylalanylaianine, 302 
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Bensoylalanytgiycocoll, 302 
Bensoylamidrazone, 424 
Bensoylaminoacetic ester, 433 
Benzoylazninoacetone, 409 
Benzoylaminoanthraquinone, 659 
Benzoylaminoazobenzene, 141 
Benzoylaminocinnamic acid, 301, 428, 

Benzoylaminocinnamio acid azlactone, 
301, 407 

Benzoylamiuocoumaric acid, 476 
Benzoylaminocyclohexane, 517 
Benzoylaminohydroxycinnamic acid, 428 
Bonzoylamitioinobutyric acid, 302 
Benzoylanthracene, 654 
Benzoylanthranilic acid, 323 
Benzoylanthraquinone, 666 
Benzoylaspartic acid, 302 
Benzoyl azide, 97 jf., 298, 303 
Benzoylazimide, 298, 303. See also 
Benzoyl azide. 

Benzoylazobenzene, 303 
Benzoylbenziloxime, 566 
Benzoylbetizimide chloride, 566 
Benzoylbenzimidoethyl ether, 308 
Benzoylbenzoic acid, 385, 510, 515, 518, 
632 ff., 576, 613, 646 Jf., 696 
Benzoylbenzylamine, 300 
Benzoyl bromide, 82, 297^ 423, 429 
Benzoylbromoamide, 300 
Benzoylbutanediol, 438 
Benzylbutyl alcohol, 406 
Benzoylbutyl carbinol, 406 
Benzoylcarbinol, 285, 398, 403^ 405, 
407 if., 419, 423, 554 
Benzoylcarbinol bromide, 403, 404 
Benzoylcarbinol chloride, 403, 404 
Benzoylcarbinol iodide, 403, 404 
Benzoyl carbohydrazide, 302 
Benzoyl chloride, 96 120 if., 229, 283, 

296 if., 303, 308, 313 #., 317, 323, 405, 
407, 423, 434, 437, 460 ff., 514, 518, 
520, 625, 532, 578 #., 654, 659, 680 
Benzoylchlorourea, 302 
Benzoylcoumarone, 578 
Benzoylcrotonic acid, 487 
Benzoylcyanamide, 500, 302 
Benzoyl cyanide, 404, 4^3 
Benzoyl cyanide anil, ^4 
Benzoyl cyanide oxime, 424 
Benzoylcyanoaoetio ester, 430, J437 
Benzoylcyclobutane, 284 
Benzoyloyclopropane, 284 
Benzoyloyclopropanecarboxylic acid, 431 
Benzoylcysteine ester, 302 
Benzoyldiazobenzene, 138, 505 
Benzoyldiazomethane, 405 
Benzoyldibenzylmethane, 579 
Benzoyldiketohydrindene, 600 
Benzoyidimethylaniline, 519 
Beilzoyldiphenylamine, 104 
Benzoyldiphenyltoluene, 283 
Benzoyl disulphide, 299 


Benzoyleneurea, 328 
Benzoylfluorenoiie, 683 
Benzoyl fluoride, 297, 387 
Benzoylformazylbenzene, 165, 312 
Benzoyl formic acid, 266, 398, 410, 412, 
422 ff. 

Benzoylformoin, 407, 584 
Benzoylformoxime, ^7 
Benzoylformoximic chloride, 423 
Benzoylgallic acid, 371 > 

Benzoylglutaric acid, 432, 437 ff. 
Benzoylglycocoll, 301 
Benzoyl^ycolic acid, 500, 301 ff., 432 
Benzoylglyoxylic acid, 430, 433 
Benzoylhydrazine, 298, 302, 380 
Benzoylhydriiidoiie, 374, 699 
Benzoylhydroperoxide, 269, 298 
Benzoylhydroquinone allyl ether, 369 
Benzoylisatin, 426 
Benzoylisocyanate, 301 
Benzoylisonitrosoacetate, 433 
Benzoylisophthalic acid, 666 
Benzoylisosuccinic acid, 431, 437 
Benzoylmalonic ester, 283, 437 
Benzoylmesitylene, 516 
Benzoylmethionol, 407 
Benzoylmethylaniline, 82 
Benzoylmethylcarbinol, 406 
Benzoylnaphthoic acid, 696 ff. 

Benzoyl nitrate, 58, 256, 298 
Benzoyl nitride, 298, 303 
Benzoyl nitrite, 298 
Benzoylnitroacetone, 409 
Benzoylnitrobenzoio acid, 658 
Benzoylorthoformic acid, 423 
Benzoyl peroxide, 298 
Benzoylphenacylacetio ester, 431, .583. 
686 

Benzoylphenol, 513, 620 ff, 
Benzoylphenylacetylene, 579 
Benzoylphenylalanine, 414 
Benzoylphenylcarbinol. See Benzoin. 
Benzo 3 '’lphenylcyclopentene, 589 
Benzoylphenylenediamine, 141 
Benzoylphenylfluorene, 672, 680 
Benzoylphenylhydrazine, 244, 303, 307, 
632, 675 

Benzoylphenylhydrazone glyoxylate, 433 
Benzoylphenylhydroxylamine, 69 
Benzoylphthalic acid, 624. 666 
Benzoyl polysulphide, 299 
Benzoylpropioniddehyde, 399, 40S 
Benzoylpropionic acid, 418, 421, 429, 
431, 484 if., 585 
Benzoylpropyl alcohol, 399 
Bensoylpyrene, 700 
BenzoyIp>n:uvic acid, 421, 433 
Benzoylquinonedioxime, 242 
Benzoyl radical, 251, 291 
Benzoylsemicarbazide, 303 
Benzoylserine ethyl ester, 302 
Benzoylsuccinio acid, 439 
Benzoyl sulphide, 299 
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Benxoylsxilphohydantoin, 414 
Bensoyltetrahydroqiiinaldine, 468 
Bensoyltetrabydroquinoline, 426 
Bensoyltetramethyldiaminodiphenyl- 
methane, 407 

Bensoyltricarballylio acid, 438 
Bezuoyltyrosine, 416, 467 

Benaoylurea, 302 
Benaoylurethane, 301 
Bensoylvaleric acid, 432 
Benioylvanillin, 362 
Benaoylx^dene, 616, 648 
Benxperylene, 706 
Bensphenanthraqulnone, 699 
Benxphenantbrene, 692, 699 ff. 
Benxphenanthrenecarboxylic acid, 699 
Beaxpinacol, 616, 674 
Benxpinacoline, 616, 674, 676 if., 672 
Benzpinacoline alcohol, 664, 676 
Benzpinaoonedioarbozylic acid, 676 
Benzpyrene, 705 
Benzsulphinimide, 332, 383 
Benztrihydrindene, 690 
Benzylacetamide, 267, 269 
Benzylacetate, 264% 290, 294 
Benzylacetoacetic ester, 289, 294, 414, 
428, 4S1% 591, 595 

Benzylacetone, 260, 286, 431, 446, 460, 
587, 692, 593 

Benzylacetonecarboxylic acid, 383 
Benzylacetophenone, 676 
Benzylacetosuccinio acid, 438 
Benzylacetylene, 447 
Benzylacrylio acid, 471 
Benzyl alcohol, 54, 134, 249 ff., 261 ff., 
258, 260, 264. 290, 381, 510, 512, 640#., 
663#. 

Benzyl alcohol sulphide, 336 
Benzyl alcohol sulphonic acid, 263 
Benzylamine, 71, 78, 267, 260, 273, 304, 
306, 308, 412, 414, 564 
Benzylaminecarbozylic acid, 378 
Benzylaminoacetone, 406 
Benzylangelio lactone, 486 
Benzylaniline, 268 
Benzyl arabinoside, 264 
Benzylazide, 260 
Benzylbenzaldozime, 260, 274 
Benzylbenzene, 610 ff. 

Benzyl benzoate, 267, 269, 296 ff. 
Benzylbenzoio acid, 376, 510, 622 ff., 646, 
661 

Benzylbenzylidenehydrazine, 273 
Benzylbenzylideneindene, 593 
Benzylbenzylidenepyrotartario acid, 681 
Benzyl bromide, 263, 258 
Benzylbromoethylene, 447 
Benzyloarbinol, 262 
Bem^oarbozyaconitio acid, 491 
Benzyl chloride, 45, 64, 224, 251, 263 #.. 
257 #., 269, 274, 289, 291, 294, 306, 
317, 431, 473 #., 438, 510, 512, 558, 
574,579, 646, 649, 678 


Benzyl ohloroformate, 265 
Benzylohloromalonic ester, 436 
Benzylchloromethyl ether, 264 
Benzylcinnamaldehyde, 4^ 
Benzylcinnamio acid, 680, 698 
Benzylorotonio acid, 470 
Benzylorotonic aldehyde, 468 
Benzyl cyanide, 262, 286, 294, 297, 306, 
306, 412, 422, 424, 428, 431, 434, 437, 
471, 670, 673, 581, 686, 607 
Benzyl cyanurate, 269 
Benzylcyclohezanol, 678 
Benzyldesozybenzoin, 679 
Benzyldiazoio acid, 269 
Benzyldihydroxypyridine, 491 
Benzyldimethylcarbinol, 263 
Benzyldimethylsulphine iodide, 266 
Benzyldiphenyl, 524 
Benzyldiphenylcarbinol, 673 
Benzyl disulphide, 266, 669 
Benzyl disulphoxide, 266 
Benzyldurene, 511 
Benzyleneanthracene, 705 
Benzylenediamine, 263 
Benzylenepseudothiourea, 262, 263 
Benzyl ether, 264, 260 
Benzylethylamine, 258 
Benzylethylaniline, 633 
Benzyl ethyl ether, 254 
Benzyl ethyl ketone, 285 
Benzylethyl sulphone, 265 
Benzylduorene, 682 
Benzylfluorenol, 680 
Benzyl fluoride, 263 
Benzylformohydroxamic acid, 260 
Benzylglutaconic acid, 491 
Benzylglycolaldehyde, 403, 406 
Benzylglycolchlorohydrin, 400 
Benzylglycol ether, 264 
Benzylhomophthalio acid, 393 
Benzylhydrazine, 269 #. 
Benzylhydrazinobenzoio acid, 332 
Benzylhydrazinophenylacetic acid, 413 
Benzyl hydrosulphide, 266 
Benzylhydroxybutyric acid, 470 
Benzylhydroxylamine, 260 ff., 266 
Benzylhydroxysuccinic acid, 436 
Benzylhyposulphurous acid, 265 
Benzylidene*. See also BeTizal*. 
Benzylideneacetoacetio ester, 268, 466, 
688 

Benzylideneacetone, 281, 408 #., 448, 
469, 464, 481, 488, 573 
Benzylideneacetophenone, 283, 576, 677 
ff., 580, 682 

Benzylideneaoetylhydrazine, 272 
Benzylideneacetylphenyltriazane, 166 
Benzylideneaminodimethylaniline, 272 
Benzylideneaminosulphonio acid, 275 
Benzylideneangelio lactone, 432, 468 
Benzylideneaniline, 258, 266 #«, 272, 413, 
423, 488, 513, 526, 576 
Benzylideneanthrone, 651 
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Bensylidenebarbiturio acid, 488 
Benzylidenebenaoyiaoetic acid, 580 
Benzylidenebenzoyldiphenyldihydro- 
tetrazene, 106, 273, 312 
Benzylidenebenzoylhydrazine, 260, SOS 
Benzylidenebisacetoacetio ester, J^9, 494 
Benzylidenebisacetylaoetone, 409 
Benzylidenebisbenzoylacetio acid, 589 
Benzylidenebisdesoxybenzoin, 588 
Benzylidenedesoxybenzoin, 678, 588, 596 
Benzylidenediacetoacetic ester, 268 
Benzylidenediacetophenone, 283, 588 
Benzylidenediacetyl, 461 
Benzylldenediacetyl ester, 271 
Benzylidenedialkyl ethers, 271 
Benzylidenediethylacetoacetic ester, 486 
Benzylidenediethyl ether, 871, 272 
Benzylidenedimethyl ether, 271 
Benzylidenediphenylitaconic acid, 585 
BenzylideneSthylamine, 272 
Benzylidenefluorene, 678 
BenzyJideneformylphenyltriazane, 165 
Benzylideneglutaric acid, 491 
Benzylideneglycerol, 271 
Benzylideneglycocoll, 564 
Benzylidenehydrazine, 272 
Benzylidenehydrazinobenzoic acid, 332 
Benzylidenehydrazinodiacetic acid, 275 
Benzylideneimide, 272 
Benzyiidenelevoxiine, 487 
Benzylidenelevulinic acid, 419, 432, 487 
606, 634 

Benzylidenemalonic acid, 268, 296, 434 
ff., 466, m 

Benzylidenemandelic acid, 411 
Benzylidenemesityl oxide, 461 
Benzylidenemethylamine, 258 
Benzylidenemethyl ethyl ketone, 285, J^OO 
Benzylidenemethyl propyl ketone, 460 
Benzylideneoxime peroxide, 874 
Benzylidenephenoxyacetone, 460 , 484 
Benzylidenephenylenediamine, 272 
Benzylidenephenylglyceric acid, 419 
Beuzylidenephenylhydrazone, 256, 873, 
665 

Benzylideiiephthalide, 669 ,572 
Benzylidenepinacoline, 460 
Benzylidenepropionic acid, 469 Jf. 
Benzylidenepyruvic acid, 486 
Benzylidenethioacetone, 459 
Bonzylidenethiocyanio acid, 467 
Benzylidenethiohydantoin, 259 
Benzylidenetoluidine, 565 
Benzylindene, 593 
Benzyl iodide, 297, 253 ff. 

Benzyl isocyanate, 257, 869 
Benzylisonitrosoacetophenone, 577 
Benzylisophthalio acid, 522 
Benzyllevulinic acid, 4 ^8, 485, 487 
Benzyl lithium, 255 

Benzylmagnesium halide, 45, 255, 260, 
269, 294, 299, 399, 434, 446, 560 
673, 676, 683 


Benzylmalonic acid, 289, 294, 414, 404* 
436, 471, 491 

Benzylmalonocarboxylic acid, 441 
Benzyl mercaptan, 255 
Benzylmesitylene, 611 
Benzylmethoxymethylmalonio acid, 471 
Benzylmethylcarbinol, 253 
Benzylmethyldicyanoglutarimide, 283 
Benzyl methyl ether, 250, 864 
Benzyl methyl ethyl ketone, 285 
Benzyl methyl ketone, 283, 886 , 409, 
502 

Benzylmethylnaphthalene, 696 
Bcnzylmethylphenol, 191 
Benzyl methyl sulphone, 255 
Benzylmethyltriazene, 260 
Benzyl mustard oil, 869, 306 
Benzylnaphthalene, 683 
Benzylnitramine, 112, 260 
Benzyl nitrite, 254 
Benzylnitrosohydrazine, 260 
Benzyloxalacetic ester, 429, 434, 408, 
595 

Benzyloxalylphenylacetic acid, 585 
Benzyloxethylamine, 258 
Benzylpentaethylbenzene, 511 
Benzylphenol, 864^ 618 
Benzylphenylalanine, 414 
Benzylphenylallylmethylammonium io¬ 
dide, 258 

Benzylphenylcarbinol, 562 
Benzyl phenyl ether, 864, 259 
Benzylphenylethylamine, 337 
Benzylphenylhydrazine, 163, 869, 273 
Benzylphenylhydroxylamine, 260 
Benzylphenylisocrotonic acid, 686 , 605, 
606, 645 

Benzyl phenyl ketone, 562 
Bonzylphenylmethyloarbinol, 562 
Benzylphenyltriazene, 260 
Benzyl phosphate, 254 
Benzylphthalazone, 569 
Benzylphthalimide, 386 
Benzylphthalimidine, 569 
Benzylpotassium diazotate, 259 
Benzyl propionate, 290 
Benzyl propyl ketone, 285 
Benzylpyruvio acid, 418, 409, 484, 489 
681 

Benzyl salicylate, 254 
Benzylsuccinic acid, 406 ,437 
Benzyl sulphide, 866 , 559 
Benzylsulphinic acid, 255 
Benzyl sulphone, 255 
Benzylsulphonic acid, 255 
Benzyl sulphoxide, 255 
Benzylsulphurio acid, 254 
Benzyltartronic acid, 414, 406 
Benzylterephthalic acid, 522 
Benzylthiohydantoin, 259 
Benzylthiosulphuric acid, 255 
Benzylthiourea, 269 
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BensyltcHuene, 511 
Benxylurea, 259 
Beuzylurethane, 259 
Benzyl valeratOt 254 
Benzylxanthogenio esters* 255 
Benzylxylene* 511 
Berberal, 382 
Berberine* 378, 382 
Bergapten, 483 
Betel oil. 450, 452#. 

Betelphenol, 452 ff, 

Bi-. See also Bis- and Dir. 
Biaoenaphthyl, 687 
Biacenaphthylidenedione, 686 
Biacene, 686 ^ 

Biacenedione, 686 
Biacenone, 686 
Bianthrylcarbozylio acid, 711 
Bicyclononane, 596 
Bidesyl, 583 ff. 

Bidibenzofulvene, 681 
Bidiphenyl phthalide, 545 
Biebrich scarlet, 179, 6^4 
Bifluorene, 680 
Biindone, 600 ff. 

Bile acids, 671, 690 
Binaphthaquinone, 630 
Biiiaphthol, 638 
Bindschedler green, 248 
Binticlear quinones, 502, 628, 638, 
Biphenylchlorofliiorene, 680 
Biphenylenepheiianthreiie, 691, 706 
Biphthalyl, 440 

Bisaminobenzylidenephenylenediamine, 

272 

Bisaminobenzylresorcinol, 524 
Bisazibenzil, 561, 665 
Bisazo dyes, 142, 179, 217 
Bisbenzamidine, 311 
Bisbenzhydrylhydrazine, 513 
Bisbenzophenonehydrazone, 517 
Bisbenzoyl cyanide, 423 
Bisbiindonylone, 601 

Bisbromodiazobonzenediphenyltetrazene, 

166 

Biscoumaric acid, 473 
Bisdiazobenzene amide, 126, 129 
Bisdiazobenzene anilide, 129 
Bisdiazobenzenediphenyltetrazene, 166 
BisdiazobenzeneSthylamine, 129 
Bisdiazobenzenemetliylainine, 129 
Bisdiketohydrindene, 600 
Bisdiphenylyl ketone, 551 
Bishydrazibenzil, 565 
Bismarck brown, 106, 143 
Bismethylbenzoylcarbinol, 404 
Bismethylenedioxyindigo, 349 
Bismuth triphenyl, 169 
Bisnitrosobenayl, 260 
Bisphenylbutadiene, 448 
Bistriazobenzene, 132 
Bisx>‘lyleneammonium bromide, 373 
Bisxylylenediamine, 373 


Bitter almond oil. See Benzaldehyde, 
artificial. See Nitrobenzene, 
green. See Malachite green. 

Bitumen, 36 

“Blaukreuz," 168 

Blue cross, 168 

Bordeaux dyes, 626 

Boron, aromatic compounds of, 169 

Bourbonal, 349 

Brasane, 629 

Brasilin, 629 

Brazil-wood extract, 222 

Brilliant green, 533 

Brilliant yellow, 561 

Brbnner’s acid, 620 

Bromanilic acid, 238, 239 

Bromelia, 622 

Bromine atom, migration, 404 
Brornoacenaphthene, 685 
Bromuacetanilide, 88 
Brornoacetophenone, *103, 441 Jf., 
409, 434, 437 

Bromoacetophenonecarboxylic acid, 486 
Bromoacetotoluidide, 55 
Bromoacetyleiie, 25 
Bromoalizarin, 664 
Bromoallylbenzeiie, 44^y 462 
BroTuoam inoanthraquinone, 66 l! 
Bromoaniliiiesulphonic acid, 178 
Bromoanisole, 363 
Bronioanthraquinone, 385, 667, 661 
Broinoanthrone, 662 ff., 655 
Bromobenzaldehyde, 275 ff. 
Brurnobenzaldoxime bromobenzyl ether, 
274 

Bromobenzanthraquinone, 697 
Bromobenzazide, 303 
Bromobenzene, 43 ff., 49, 51 ff., 78, 82, 
85 ff., 116 ff., 123, 166, 167, 169 ff., 
216, 254, 288, 294, 300, 304, 385, 493, 
507, 510, 628 

Bromobenzenesulphonicacid, 177 
Bromobenzoic acid, 185, 318 ff., 355, 
390, 498,530 

Bromobenzophenone, 517 ' 

Bromobenzoylacetone, 409 
Bromobenzoylbenzoic acid, 385 
Brornobenzoylformic acid, 424 
Bromobenzylacetophcnone, 577 
Bromobenzyl alcohol, 261 
Bromobenzyl bromide, 261, 645, 668 
Bromobenzyl chloride, 354 
Bromobenzyl cyanide, 306 
Bromobenzylhydroxylamine, 260 
Bromobenzylideneacetophenone, 444 
Bromoberizylidenepyruvic acid, 486 
Bromobenzyl methyl ketone, 402, 406 
Bromobutylbenzene, 270 
Bromoohloromethylenehomophthalic 
acid, 599, 610 

Bromoehloromethylnaphthaquinone, 631 
BromocinnamaJacetic acid, 481 
Brc^mooiniiamaldehyde, 458 
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BFomocinnamaldehyde acetal, 461 
Bromociiinainio acid, 429, 4^6, 467, 478, 
596 

Bromocoumarin, 4^4* 4S^ 

Bromooresol, 665 
Bromocumene, 46 
Bromodiaminoanthraquinone, 660 
Bromodibenzylacetic acid, 576 
Bromodiketohydrindeno, 600 
Bromodinitrobenzenei 434, 496 
Bromodipheiiacyl, 583 
Bromodiphenyl, 496, 509 
Bromodiphenylacetaldehyde, 554 
Brotnodiphenylpropionic acid, 556 
Bromodurene, 66 ff., 65 
Bromoethylbenzene, S64, 443, 552 
Bromoethyl broinophenyl ether, 336 
Bromoethylnaphthalene, 685 
Broniofluorarithene, 690 
Broinoiluorene, 678, 680 
Bromohydratropio acid, 4^’^, 4H ^ 
Bromohydrindene, 596 
BroiiJohydrindone, 598, S99 
Bromohydrocinnamic acid, 4^4 417, 

418, 443,464,476 

Bromohydrocinnamic aldehyde, 403 
Bromohydroquinono, 227 
Broinohydroxybenzoic acid, 365 
Bromohydroxybenzyl bromide, 339 
Bromohydroxyhydrindene, 5.96*, 599 
Bromohydroxyindone, 596 
Bromohydroxyisoduryl bromide, 339 
Bromoindene, 594 
Bromoindone, 596 
Bromoiodobeiizene, 52 
Bromoiodonaphth^ene, 614 
Bromoisodurene, 56 
Bromoisoduryleiiequinone, 340 
Bromoisophthalic acid, 390 
Bromoisopropcnylbenzene, 446 
Bromoisopropylbenzeno, 47 
Bromoiaosafrol, 455 
Bromomandelic acid, 411 
Bromomesitylene, 46, 66, 511 
Bromomethylbenzoic acid, 378 
Bromomethylenephthalide, 482 
Bromomethylphthalimide, 386 
Bromonaphthalene, 612, 614, 63,5, 638 
Bromonaphthaquinone, 6^9, 631 
Bromonaphthaquinono malonic ester, 
629 

Bromonaphthol, 622 
Bromcnitrobenzene, 63, 70, 72, 200 
Bromonitrobenzoic acid, 319, 321, 506 
Bromonitrocinnamio acid, 468 
Bromonitrodipheny], 495, 4^* 498 
Bromonitrosoacetanilide, 111 
Bromonitrosobenzene, 67 
Bromopeiitatnethylbenzene, 56 
Bromoi>erjdene, 701 
Bromophenacyl l>romide, 405 
Bromophenanthraquinone, 672, 676 
Bromophenanthrene* 673, 676, 706 


Bromophenol, 184, 197, 198, 219 
Bromophenylaoetic acid, 572 
Bromophenylacetoacetio ester, 433 
Bromophenylazide, 132 
Bromophenylbenzoic acid, 504 
Bromophenylcrotonic acid, 470 
Bromophenyldiazoniiim silver cyanide, 
117 

Bromophenyldiazoniiim sulphonic acid, 
121 

Bromophenylglyoxime, 407 
Bromophenx Ihydrazine, 148 
Brornophenylhydroxypropionic acid, 421 
Bromophenylindoxazene, 517 
Bromophenylniagnesiuin halide, 446 
Brornophenylnitrosohydroxylamine, 70 
Bromophthalic acid, 388, 594 
Bromophthalide, 379, 380 
Bromopicrin, 30 
Bromopiperonal, 349 
Bromopropenylbenzene, 446 
Bromopropionic acid phenyl ester, 599 
Bromopropionylbonzene, 445 
Brornopropit)riylphenylacctic ester, 433 
Bromopropiopbenone, 402, 406 
Bromopropylbenzene, 364* 295 
Bromoprotocatechuic acid, 370, 607 
Bromopseudocumeno, 46, 66 
Brornopyrogallol, 229 
Bromoquinone, 238 
Bromoquinoneohlorimine, 244 
Bromoresacetophenone, 404 
Bromoresorcylic acid, 370 
Bromosalicyiic acid, 362 
Bromostilbene, 562, 669, 571 
Bromostyrene, 404, 444* 445, 455, 478, 
676 

Bromostyrylmagnesium, 678, 581 
Bromosulphobenzoio acid, 333 
Bromotetralone, 644 
Bromotetrainethylbenzene, 66 
Bromothymoquinone, 240 
Bromothymoquinonemalonic ester, 434 
Bromotoluene, 44 ff,, 46, 65, 252, 292, 
511, 645 

Bromotolylhydrazine, 148 
Broinotriphenylcarbinol, 530 
Bromovaiiillin, 350 
Bromoxylene, 45, 66 
Bromylphthalimide, 387 
Billow reaction, 155 
Buiea species, 218, 677 
Butein, 577 
Butenylanisole, 449 
Butenylbenzone, 47, 445, 447 
Butin, 577 

Butylacetophenone, 48 
Butylaniline, 80 ff, 

Butylbeiizaldehyde, 270 
Butylbenzene, 4^, 47, 446 
Butyloymene, 48 
Butylethylbenzene, 48 
Butylnaphthalene, 612 
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Butylphenol, 29, 19X 
Butyl phenyl ketone, 284 
Butyltoluene, 4$ 

But 3 rrio acid, 28, 231 
Butyrophenone, 284, 295 
Butyrophenonecarboxylio acid, 383 
Butyrylacetophenone, 409 
Butyrylfilixic acid, 231 
Butyrylmethylphloroglucinol mono¬ 
methyl ether, 353 
Butyrylphonol, 352 
Butyrylphenylacetylene, 461 

C 

C. See also K. 

Cadaline, 613 
Caeaalpinia coriaria, 370 
Caffeic acid, 369, 476 
Calcium phenate, 188 
Calmus oil, 454 
Camomile, true, 476 
Camphor, 27. 46 ff., 191. 285 
Camphor oil, 221 
Cannabinol, 418 
Cannab%8 indica^ 418 

Cannissaro reaction, 250, 267, 269 if.. 344 

Capronophenone, 284 

Capsaicin, 338 

CajmeUa bursa pastoria, 337 

Caraway oil, 270 

Carbalkoxyanthranilic ester, S24, 387 
Carbamio phenylhydrazide, 93 ,168 
Carbanil, 97, 125, 196. See also PhenyU 
isocyanate. 

Carbanilic acid, 92 
Carbanilide, 92, 101, 303 
Carbazole, 37 495^ 538 

Carbasotic acid, 201. See also Picric acid. 
Carbenium salts, 529 
Carbethoxyaminobenzamide, 328 
Carbethoxyanthranilic acid, 323 ff. 
Carbethoxybenzotetronic acid, 491 
Carbethoxydiketofluoracene, 602 
Carbethoxyhydroxycinnamic ester, 283 
Carbethoxyphenolsulphonic acid, 228 
Carbithiosalicylic acid, 360 
Carbithiotoluic acid, 299 
Carbodiphenylimide, 99 
Carbodiphenylimidohydrocyanide, 100 
Carboditolylimide, 99 
Carbolio acid, 187 
CarboUgase, 406 

Carbomethoxyanthranilio acid, 324 
Carbomethoi^henoxyaoetio ester, 361 
Carbomethoxysalioylio acid (chloride), 
557#., 360 

Carbon or lamp black, 397 
Carbonium salts, 529, 6 S1, 574 
Carbon monoxide, 26 
Carbon monoxide potassium, 25, 23S, 241 
Carbon-nitrogen add, 201 . Sm Picric 
odd* 


Carbon tetrachloride, 25 
Carbonylaminophenol, 206, 360 
Carbonylomethylgallic methyl ester, 370 
Carbonylsalicylamide, 360 
Carbost 3 a'il, 468 , 483, 488 
Carbostyrilcarboxylic acid, 280, 468 
Carboxyanthranilic acid, 324 
Carboxybenzalaniline, 379 
Carboxybenzoylacetic acid, 440 
Carboxybenzoylpropionic acid, 440 
Car boxy benzylmalonio acid, 441 
Carboxycinnamio acid, 483 ff. 
Carboxyethylphenylhydroxylamine, 69 
Carboxyhomophthalic acid, 441 
Carboxyhydrocinnamic lactone, 440 
Carboxymandclic acid, 439 ff. 
Carboxyphenylacetic acid. See Homo-, 
iso~, jMhalic acid. 

Carboxyphenylglycerolic lactone, 394, 
440, 491, 610, 631 

Carboxyphenylglyoxylio acid, 379, 393, 
439, 440, 483,621, 630 
Carboxyphenylthioglycolic acid, 361 
Carboxytriphenylacetic acid, 543 
Carcinogenic substances, 704#. 

Cardiac poisons, 690 
Carminazarine, 630 
Carminic acid,.363,630 ,666 
Carnation, oil, 297 
Carum carvi, 190 

Carvacrol, 27, 47, 189, 190, 237, 364 

Carvacrotinaldehyde, 346 

Carvaorotinic acid, 364 

Carvacryldiphenylacetic acid, 558 

Carvone, 27,190 

Casein, 414 

Cassia oil, 346, 457 ff. 

Cassia species, 664 
Castoreum, 187, 283 
Catechin, 218 

Catechol. 28 ff., 34, 188, 218 ff., 222, 
233 ff., 344, 347, 350, 406, 477, 540, 
543, 550, 664#. 

Catechol allyl ether, 452 
Catechol carbonate, 220 
Catechol chlorophosphine, 220 
Catecholphenylphthalide, 545 
Catechol sulphite, 220 
Catechol sulphuric acid, 219 
Catechu, 218,230 

Catechyl phosphorus monochloride, 220 
Catechyl phosphorus-oxychloride, -thio- 
ohloride, -trichloride, 220 
Cationoid reagents, 22 
Cayenne pepper, 3^ 

Cedriret, 503 
Cellulose, 348 
Cetraria wdpina, 586 
Cetylbenzene, 48 
Cetyldesoxybensoin, 562 
Ch^kacene, 688 
Chalkone. 577 
Charcoal, 397 
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Chavibetol, 452 

Chavica BellCt 450 

Chavicin, 481 

Chavicinio acid, 369, 4^1 

Chavicol, 448, 450 

Chaviool methyl ether, 347, 4^0 

Cheese, 415 

Chloralacetophenone, 4^3, 487 
Chloramine, 176 
Chloraminocinnamic acid, 468 
Chloranil, 31, 59. 238 342, 526, 532, 

537, 555, 702 
Chloranilamio acid, 239 
Chloranilamide, 239 
Chloranilic acid, 232 ,239 ff, 

Chlorazone, 176 

Chloride of iodobonzenesulphonyl chlo¬ 
ride, 177 

Chlorirnidonitrobenzoic acid, 319 
Chloriii, 223 

Chloroacenaphthene, 685 
Chloroacetanilide, 155 
Chloroacetocatcchol, 406 
Chloroacetophenoiie, 286, 297, 400, 403 
444 

Chloroallylbenzeno, 446 
Chloroaniline, 102, 133,511 
C'^hloroanilinesulphonic acid, 86 
C/hloroanilinotriphenylamine, 108, 149 
(!!hloroamsidme, 219 
Chloroanthrariil, 279 
Chloroanthraquinone, 067, 659, 667 
Chloranthraquinonecarboxylio chloride, 
668 

Chloroatropic acid, 471 
Chlorobenzal chloride, 560 
Chlorobenzaldohyde, 276 ff,, 280, 411, 
437 

Chlorobenzaldoximo chlorobenzyl ether, 
274 

Chlorobenzamide, 97, 300 ,319 
Chlorobenzanthrone, 698 
Chlorobenzene, 49, 60 ff., 166, 169 ff., 
183, 216, 252, 288, 304 iT., 507, 515 
Chlorobenzeiiesulphonio acid, 177 
Chlorobenzil, 568 

Chlorobenzoic acid, 318 ff., 324 ff., 332, 
334, 355, 357, 360, 530 
(yhlorobenzophenone, 517 
Chlorobenzotrichloride, 358 
Chlorobenzoylacetic ester, 431 
Chlorobenzoylbenzoic acid, 523 
Chloro,benzoyl chloride, 318, 431 
Chlorobenzylacetophenone, 677, 580 
Chlorobenzyl alcohol, 261 
Chlorobenzyl bromide, 261 
Chlorobenzyl chloride, 55 
Chlorobenzyldesoxybenzoin, 560, 678 
Chlorobenzylhydroxylamine, 260 
Chlorobromobenzene, 51 
Chlorobromobenzenediazonium bromide, 
117 


ChlorobromopTopenylbenzene, 445 
Chlorobromostilbene, 569 
Chlorocarbostyril, 480 
Chlorocatechol, 2^ 
Chlorocinnamaldehyde, 458 
Chlorocinnamic acid, 430, 4^0, 467 ff. 
Chlorocinnamylideneacetopbenone alco¬ 
hol, 587 

Chlorocodon Wightii, 350 
Chlorocoumarin, 474 ,406 
Chlorocoumarone, 364 ff. 

Chlorocresol, 198 
Chlorocyclohexane, 494 
Chlorocymene, 55 

Chlorodiaminotriphenylmethano, 527 
Chlorodiazobenzene anhydride, 119 
Chlorodiazobenzene cyanide, 121 
Chlorodiazobenzene thiocyanate, 117 
Chlorodibrornohydikidonecarboxylicacid, 
598 

Chlorodinitrobenzene, 62, 104, 145, 496 
Chlorodiphenacyl, 583 
Chlorodiphenyl, 496 
Chlorodiphenylmethane, 511 
Chloroethylbenzanilide, 336 
Chloroethylbenzene, 264^ 443, 559 
Chlorofluorene, 679 ff. 

Chlorofluorenone, 682 
Chloroformic phenyl ester, 196 
Chloroformylphenyl metaphosphate, 358 
Chloroformylphenyl metaphosphite, 358 
Chloroformylphenylphosphorio dichlo¬ 
ride, 358 

Chloroformylphenylphosphorio tetrachlo¬ 
ride, 358 

Chlorogenio acid, 476 
Chloroguaiacol, 219 
Chlorohydratropic acid, 414 
Chlorohydrazobenzene, 146 
Chlorohydrindene, 597 
Chlorohydrindone, 698 
Chlorohydrocinnamic acid, 418 
Chlorohydroperylene, 701 
Chlorohydroquinone, 227, 238 
Chlorohydroxybenzaldeh>’'de, 346 
Chlorohydroxybenzyl alcohol, 337 
Chlorohydroxyhydrindene, 596 
Chlorohydrox>dndone, 696 
Chlorohydroxynaphthaquinone, 629 
Chlorohydroxyphthalide, 380 
Chloroindazole, 332 

Chloroindonecarboxylic acid, 595, 598, 
599, 610 

Chloroisocoumarin, 483 
Chloroisonitrosoacetophenone, 423 
Chloroisophthalic acid, 390 
Chloroisopropylbenzene, 54, 295 
Chloromandelic acid, 411 
Chloromethylanisyl ketone, 337 
Chloromethylanthraquinone, 648 
Chloromethylbenzamide, 376 
Chloromethylbenzanilide, 377 
Chloromethylbenioio acid, 376, 378 
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Chloromethylbensouitrile, 376 
Chloromethylnaphthalene, 703 
Chloromethylsalicylio aoid» 379 
Chloronaphthalene, 614 #•» 641 
Chloronaphthalenediazonium sulphate, 
623 

Chloronaphthalenesulphonio acid, diP, 
638 

Chloronaphthaquiuone, 629,6S1 
Chloronaphthaquinoneacetoacetic ester, 
629,631 

Chloronaphthoic chloride, 636 
Chloronaphthol, 621 
Chloronaphthyl sulphur chloride, 628 
Chloronitraniline, 496 
Chloronitrobenzene, 62, 71 Jf.. 200, 318 
Chlororiitrobeiiayl chloride, 560 
Chloronitrocinnaniic acid, 468 
Chloronitrosobenzene, 67 
Chloronitrosodiphenylhydroxylamine, 70 
Chloronitrotoluene, 65 
Chloronitrotoluenesulphoiiic acid, 177 
Chlorophenanthraquinone, 676 
Chlorophenanthrene, 672 
Chlorophenol, 197, 198, 219, 222, 346 
Chlorophenoldisulphonic acid, 229 
Chlorophenylazide, 132 
Chlorophenylbenzoylhydraziiie, 303 
Chlorophenyldiazoniumsulphonio acid, 
121 

Chlorophenylglyoxime, 407 
Chlorophenylhydracrylic acid, 417 
Chlorophenyll^drazine, 148 
Chlorophenylhydroxylamine, 69 
Chlorophenylhydroxypropionio acid, 421 
Chlorophenylnitrosohydroxylarnine, 70 
Chlorophenylparaconic acid, 4^% 607 
Chlorophenylpropane, 446 
Chlorophenylsulphamic acid, 86 
Chlorophthalazide, 372 
Chlorophthalio acid, 388, 389 
Chlorophthalic anhydride, 388 
Chloropicrin, 30 
Chloropropylbenzene, 264, 445 
Chloroquinone, 30, 227, 234, 238 
Chlorosalicylio acid, 361 
Chlorosalicyloyl chloride, 357 ^ 

Chloroselenopheiiolcarboxylio acid, 361 
Chlorostilbene, 568 
Chlorostilbene dibromide, 569 
Chlorostilbene dichloride, 569 
Chlorostso'ene, 435, 444, 465 
Chlorosulphonylbenzoic acid, 362 
Chlorotoluene, 64 ff., 65 
Chlorotoluic acid, 378, 380 
Ghlorotoluidine, 69 
Chlorotoluquinone, 238 
Chlorotrinitrobenzene, 62 ,145 
Chlorovinylbenzoio acid, 292 
Chloroxylene,%55, 390 
Chlorozylenol, 1^ 

Chlorylphthaliinide. 387 
CholMter61,684 


Chromaoene, 688 
Chroman, 194 
Chrome dyes, 627 
Chromoisomerism, 561 
Chromone, 187 
Chromotropic acid, 627 
Chrysamine, 500 
Chrysaminio acid, 664 
Chrysaniline, 534 
Chrysanisic acid, 109, 329 
Chrysarobin, 664 
Chrysarone, 665 
Chrysatropic acid, 478 
Chrysazin, 651, 653, 664 
Chrysazole, 651 
Chrysene, 36, 591, 683, 692 
Chrysenecarboxylic acid, 693 
Chrysenofluorerio, 683 
Chrysenefluorene alcohol, 680 
Chrysenoquinone, 570, 682, 694, ^66 
Chrysenic acid, 694 
Chrysodiphenic acid, 694 
Chrysofluorene, 683 
Chrysoidine, 109, 142 
Chrysoketone, 570, 683, 694, 696 
Chrysophanic acid, 648, 664 
Chrysophenin, 561 
Chrysoquinone, 570, 682, 694, 696 
Ciba scarlet, 6^ 

Cicuta virosa, 47, 270, 476 
Cinnamal-. See also Cinnamylidene-. 
Cinnamalacetic acid, 448, 460 
dimeric, 489 

Cinnamalacetoacetate 462, 485, 467 
Cinnamalacetone, 461, 482, 589 
Cinnamalacetylacetone, 462 
Cinnamalcyanoacetic acid, 481, 469 
Cinnamal dichloride, 458 
Ciiinamallevulinic acid, 488 
Cinnarnalmalonio acid, 470, 480, 469 ff. 
Cinnamalpropionic acid, 481 
Cinnamalpyruvio acid, 480, 466 
Ciunamalsuccinic acid, 490 
Cinnaraenyl-. See Styryl-. 

Cinnamic acid, 251, 252, 268, 284, 288, 
290, 294, 301, 417-420, 435-438, 442- 
445, 456 ff., 464 ff., 466, 469, 473, 479, 
488, 556, 560, 572, 580, 592, 598, 653 
Cinnamic acid dibromide, 4^0, 444, 464, 
478 

Cinnamic acid dichloride, 420, 464 
Cinnamic aldehyde, 252, 264, 270, 421, 
438, 442, 448, 456, 467, 459, 460. 461, 
464, 480, 481, 485, 488, 490, 491, 
507, 581, 582, 584, 585, 588, 589, 592, 
678 

Cinnamic aldehyde acetal, 403 
Cinnamic aldehyde oyanhydrin, 421, 432, 
484 

Cinnarmmum species, 457 
Cinnamon bark oil, 457 
Cinnamonitrile, 459, 466 ,488 
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Cinnamon leaf oil, 452 
Cinnamoylacetone, 462 
Cinnamoyl cyanide, 486 
Cinnamoylformio acid, 484, 
(^innarnoyllactic acid, 488 
Cinnamoyipyruvic acid, 488 
Cinnamyl acetate, 456, 457 
Cinnainyl alcohol, 2^), 264, 399, 442, 
445, 4^6, 458, 464 
Cinnainyl alcohol dibroniide, 399 
Cinnamylaniine, 456 
Cinnamyl bromide, 456 
Cinnamylcarboxylic acid, 4^8, 484, 609 
Cinnamyl chloride, 4^G, 589 
CUnnaiiiyl cinnamato, 456 
Cinnamyl ethyl ether, 456 
Cinnamylidene-. See also CimuinuiU, 
Ciniiamylideneacetaldehyde, 459 
Cinnamylidencacetic acid, 448, 480 
t'Jinnarnylideneacetic acid, dimeric, 489 
Cinnamylidencacetoacetate, 462, 485, 

48? 

Cinnamylideneacetoiie, 461,589 
Cinnamylideneacetophenone, 588 if. 
Cinnamylideueacetylacetoacetate, 462, 
487 

Cinnamylideneacxitylacctoiie, 4^^ 
C.innamylideneacetyl chloride, 462, 487 
Cinnamylidenel)enzylideneacetone, 589 
Cinnamyhdenedimethylcrotonola<‘tone, 
485 

Cinnarnylidonefluoreiie, 678 
Cinnarnylidenehippui ic acid, 606, 607 
Cinnamylideneindene, 594 
Cinnarnylideuemalonic acid, 470, 480, 
489 ff, 

Cinnamylideiiemet hy lamino, 258 
Cinnamylideiiephenylacetic acid, 581, 

684 ff- 

CinnamylniaKiicsium halide, 471 
Citracon anil, 101 
Citracon anilie acid, 100,101 
Citral, 25, 47, 471 
C^itronine A, 623 
Citropten, 478 
C.Urus hergatnia^ 483 
Citrus^ essential oils, 478 
Citr'119 nobUis, oil, 325 
Citrylideneinalonic ester, 26 
Claisen rearrangement, 193, 449, 452, 454 
Clemmonsen method, 40, 1S5, 192, 351, 
601, 670, 682, 689, 696, 700, 702 
CUeve’s acid, 619 
Clove oil, 452 
Coal, extraction, 37 
Coal gas, 591 

Coal tar, 33, 54, 43 Jf., 75, 184, 187, 189, 
218, 282, 443, 493, 591, 596. 603, 621, 
647, 648, 668, 678, 689, 699, 705 
Cocaine, 464, 466 
Coccinic acid, S89, 391 
Cochineal, 363, 389 
Coohinealic acid, 396 


Cockchafers, 41V 
(Codeine, 671, 674 
Coeranthrene, 705 
Coerulein, 550 
Coeruliguon, 229, 505, 601 
Coke tar, 34 
Colchicine, 671 ff. 

Colophony resin, 396 
fknigo red, 500, (Sl9 
Congo yellow, 500 
Coniferaldehyde, 457 469 
Coniferin, 348, 366, 457 
Coniferyl alcohol, 452, 457 
Coniferyl alcohol hydrate, 399 
Copper phenylacetylide. 447, 582 
Corallin, red, 542 
Corallin, yellow, 542 
Comicidaria vulpina^ 586 
Cornicularic acid, 584 
Coronene, 712 
Corydaline, 378 
Cotarnic acid, 390 
Cotarnine, 390 
Goto bark, 485, 521 
Cotogenin, 521 
Cotoiii, 521 
C'otton blue, 538 
Cotton, dyeing, 663 

dyes, substantive, 145, 217, 520, 586 
printing, 663 
Coumalic acid, 26, 395 
Coumaran, 193 
Coumanmdloue, 427 
Coumareins, 474 

Coumaric acid, 449, 468, 472, 473 
476, 477. 577 
Coumaric aldehyde, 459 
Coumarilic acid, 415, 475 
Coumarin, 187, 355, 365, 435. 457. 462, 
472 ff., 474, 477, 485, 487, 488 578. 

583 

Couniarinac'etic acid, 489 
Coumarin bromide, 474 
(,^oumarincarboxylic acid, 474, 488, 489 
Coumarinic acid, 472, 473, 474 
Ooumarinpropionic acid, 490 
Coumarono, 36, 336, 364, 449, 457, 474, 
668, 693 

Coumarone dichloride, 403 
Coumarophenaziue, 427 
Cow'bane, 47 
Creolin. 189 
Creosol, 221 
Creosote, 188, 219 

Cresol, 36. 128, 130, 189, 227, 238, 251. 
336, 341. 342, 344, 355. 363, 451, 512, 
638. 640, 543, 611, 664, 665 
Cresolbenzein, 540 
Cresolin, 189 

Cresol methyl ether, 64,362 
Cresolsulphonic acid, 365 
Cresorcinol, 224,225 
Cresotic acid, 32, 363, 391, 409 
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Cresotio chloride, 357 
Cresotidechloroform, 363 
Creeojiyaoetic acid, 195 
Cress oils, 259 
Oresyl allyl ethers, 194 
Cresyldiphenylacetic lactone, 568 
Cresyldiphenylmethane, 538 
Oresyl ketone, 45 
Croceio acid, 625 Jf. 

Croconic acid, 109, 233, 233, HI 
Croconio acid hydride, 

Crystallin, 75 
Crystal violet, 636 

Crystal violet leuco-hydrate, 537. See 
also Hexarnethylpararosaniline, 
Cubebin, 457 
Cudbear, 225 
Cumene, 42, 46 , 58, 254 
Cumenol, 189 
Cumenylacrylic acid, 469 
Cumenyl magnesium chloride, 270 
Cumidic acid, 46, 392 
Cuminal. See Cuminicaldehyde, 
Cuminalacetone, 460 
Cuminic acid, 45 ff., 270, £93, 379 
Cuminic aldehyde, 47, 270, 413, 469, 564 
Cuminil, 568 
Cuininilic acid, 666 , 568 
Cumin oil, 190 
Cuminoin, 664, 668 
Cuminol. See CuminicaUlehyde. 
Cutnxnum cyminum, 47, 270 
Cuminyl-. See also Cumyl-, 

Cuminyl alcohol, 47, 270. See also Cumyl 
alcohol, 

Cuminylamine, 257 

Cuminyl chloride, 48, 264^ See also 
Cumyl chloride. 

Cumobenzyl alcohol, 250 ,262 
Cumohydroquinone, 342 
Cumonitrile, 306 
Cumyl-, See also Cuminyl-, 

Cumyl alcohol, 250, 262, See also 
Cuminyl alcohol, 

Cumyl chloride, 250. See also Cuminyl 
chloride, 

Cumylmagnesium bromide, 253 
Cupferron, 70 
Curcuma domestica, 252 
Curoumaic acid, 295 
Curcuma oil, 285 
Cwrcumone, 286, 295 
Curtius degradation, 73, 597 
Curtius transformation, 313 
Cyanamidrazone, 161 
Cyaniminohydrindene, 593 
Cyanoacetophenone, 383, 408, 4 S0, 437, 
^ 1,681 

Cyanoacetophenonecarbozylic acid, 440 
Cyanoanilide, 96, 99 ff,, 142 
Cyanobenzal chloride, 381, 382, 387, 
483 

Cyaaobensaldehyde, 382 


C^'^anobenzaldoxime, 381 
Cyanobenzamide, 381, 387 
Cyanobenzene. See BenzonitrUe, 
Cyanobenzenesulphonic acid, 333, 334 
Cyanobenzhydrol, 522 
Cyanobenzoic acid, 380 384, 386, 387, 

390, 392, 394 

Cyanobenzotrichloride, 387 
Cyanobenzylacetic acid, 394 
Cyanobenzyl alcohol, 376, 378 
Cyanobenzylamine, 376, 377, 378 
Cyanobenzylaniline, 377 
Cyanobenzylchloride 377 ff,, 378, 394, 
522, 572 

Cyanobenzylcyanide, 394, 483 
Cyanobenzylmercaptan, 377 
Cyanobenzylmethylamine, 377 
Cyanobenzylsulphonic acid, 572 
Cyanobenzylthiocyanate, 377 
Cyanocinnamic acid, 46'd, 483, 438, 609 
Cyanocoumarin, 489 
Cyanodimethoxycinnamic acid, 382 
Cyanodiphenylchloromethane, 522 
Cyanodiphenylmethane, 522 
Cyanoformanilide, 100 ,425 
Cyanohydrocinnarnic acid, 394, 697 
Cyanomethylaiithranilic acid, 326 
Cyanonaphthalene, 619 ,638 
Cyanodxanilic acid, 325 
Cyanophenanthrene, 674 
Cyanophenylacetic acid, 394 
Cyanophenylacrylic acid, 435 
Cyanophenylhydrazine, 168, 159, 332 
Cyanophenylpyruvic acid, 490 
Cyanotoluone, 306, 381 
Cyanotoluic acid, 376, 394 
Cyanotriphonylmethane, 543 
Cyaphenine, 306, 307, 309 
Cycloform, 329 
Cycloheptane, 55 
Cycloheptene, 133 
Cyclohexadiene, 36 
Cyclohexane, 34 
Cyclohexanediol, 236 
Cyclohexanedione, 222, 236 
Cyclohexanol, 356 
Cyclohexanone, 187, 670, 700 
Cyclohexanone carboxylic acid, 356, 670, 
694 

Cyclohexene, 36 
Cyclohexylamine, 74, 76 
Cyclohexylbenzaldohyde, 270 
Cyclohexylbonzene, 270 
Cyclohexylbenzoio acid, 270 * 

Cyclohexylbenzyl alcohol, 270 
Cyclohexyl bromide, 507 
Cyclohezylcyclohexanol, 494 
Cyclohexylidenecyolohexanone, 494 
Cyclopentadiene, 36, 591, 678 
Cyclopentanone, 690 
Cyolopentene, 133 
Cyclopentenobenzanthracene, 692 
Cyclopentenophenanthrene, 600 
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Cydosucoinyldiaminotolaiie, 562 
Cymene. 26, 27. 42. ^7 jf.. 65. 65. 191 
270, 285, 292. 379 
Cymene musk, 65 
Cymenesulphonic acid, 191 
Cymyl. See also Cumylr. 

Cymylglyoxylic acid, 428 
Cymylmagnesium halide, 270 
Cysteine, 302 
Cystine, 302 

D 

Daerydium Franklinii, 452 
Daemonoropa draco, 2^ 

Dahlia, 537 
Dahl's acid, 620 
Damascenin, 362 
Daphne mezereum, 477 
Daphnetin, 478 
Daphnetinic acid, 478 
Daphnin, 478 
Decacyclene, 598, 687 
Decahydroacenaphthcne, 686 
Decahydrofluorantheno, 690 
Decahydronaphthalene, 642 
Decahydrophenanthrene, 675 
Decahydropyrene, 700 
Decahydroretenecarboxylic acid, 676 
Decarboxyrisic acid, 232 
Dehydracetic acid, 26, 225 
Dehydrobenzalphenylhydrazone, 165, 273 
Dehydroethylidenobisfluorene, 678 
Dehydrofichtelite, 677 
Dehydroindigo, 412 
Dehydrorubrene, 603 
Dehydrothiotoluidine, 217 
Depsides, 354, 358 
Dermatol, 370 
Dermocybene, 648 
Derric acid, 371 
Derria elliptical 232,371 
root, 371 
Desaurins, 563 
Desoxyanisoin, 563 

Desoxybenzoin. 56S, 565 ff., 567, 568, 
673, 676. 579. 588 

Desoxybenzoin carboxylic acid, 569 ,598 
Desoxybenzoindicarboxylic acid, 570 
Desoxybenzoinpinacone, 582 
Desoxybenzoin sodium, 571,584 
Desoxytoluin, 562 
Desylacetic ester, 435 ,571 
Desylamine, 666 
Desylanilide, 565 
Desyl bromide, 565 ,584 
Desyl chloride, 565 ,573 
Desyleneacetic acid, 571 
Desylenemalonic acid, 571 
Di-. See also Bi^ and Bia^, 
Diaoenaphthylidene, 687 
Diacetaminophenanthrene, 676 
Diaoetaminophenol, 239 
Diaoetammophenylxanthydrol* 541 


Diacetaminoxylene, 390 
Diacetanilide, 89 ,146 
Diacetobenzidine, 497 ,498 
Diacetocaffeic acid, 477 
Diacetodiaminotoliiene, 329 
Diacetonaphthol, 634 
Diacetonyldibenzyl, 573 
Diacetophenylhydrazide, 155 
Diacetoresorcinol, 375, 475 
Diacetoxystilbene, 569 
Diacety], 26, 238 
Diacetylalizarin, 663 
Diacetylbenzene, 373. 375 
Diacetylbenzoylgallic acid, 370 
Diacetylcyanobenzyl cyanide, 394, 493 
Diaeetyldiaminotriphenylmethane, 597, 
532 

Diacetyldicarboxylic acid, 441 
Diacetyldihydroxybenzene, 375 
Diacetyldiphenyl, 504 
Diacetyldurone, 375 
Diacetylfluorene, 681 
Diacetylhydrazobenzene, 144 
Diacetylhydroquinone, 239 
Diacetylmesitylene, 376 
Diacetylosotriazone, 164 
Diacetylphenol, 376 
Diacetylphenolphthalein. 547 
Diacetylphenylhydrazone, 163 
Diacetylp 5 rrogallol, 376 
Diacetylresorcylaldehyde, 477 
Diacetylresoroylic acid. 406 
Diacetylxylene, 376 
Diafor, 357 
Dialine, 641 
Diallylphenol, 193, 490 
Diamine black, 502 
Diaminoacenaphthene, 685 
Diaminoanthraoene, 650 
Diaminoanthraquinone, 659 ff. 
Diaminoarsenobenzene, 168 
Diaminoazpbenzene, 106. 109, 143 , 143, 
497 

Diaminoazodiphenyl, 497, 499 
Diaminoazoxybenzene, 135 
Diaminobenzanthrone, 698 
Diaminobenzene, 71, 106 
Diaminobenzidine, 499 
Diaminobenzoic acid, 73, 106, 399 
Diaminobenzophenone, 500, 519, 520 ff,, 
681 

Diaminobenzylidenephenylenediaoetio 
acid, 703 

Diaminooarbazole, 499 ff. 
Diaminodesoxybenzoin, 562 
Diaminodibenzyl, 559, 561 
Diaminodiethylbenzene. 395 
Diaminodihydroxyanisole, 231 
Diaminodihydroxyarsenobenzene, 166, 
168 

Diaminodihydroxyquinone, 233 ,940 ff, 
Diaminodimethozy^phenyl, 502 
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Diaminodimethyldiphenyldisulphomc 
acid, 601 

Diaminodinaphthyl, 6 t8, 638 
Diaminodiiiitrodiphenylmethane, 612 
Diaminodiphenic acid, 331, 606 
Diaminodiphenyl, 497, See also Benzi¬ 
dine and Diphenyline» 
Diaminodiphenylacetic acid, 91, 666 
Diaminodiphenylamine, i07, 248 
Diaminodiphenylarsonic acid, 168 
Diaminodiphenylcyanobutadiene, 585 
Diaminodiphenyldicarbox^dic acid, 331, 
505,607 

Diaininodiphenyldisulphonic acid, 501 
Diaminodiphenylene oxide, 500, 501 
Diaminodiphenylmethane, 262, 611, 535, 
536 

Diaminodiphenylrnethanedicarboxylic 
aci^, 326 

Diaminodiphenylmethanephenylhy- 
droxylamine, 536 
Diaminodiphenylphthalide, 545 
Diaminodiphenyl sulphide, 217 
Diaminoditetralyl, 642 
Diaminoditolyl, 145 
Diaminoditolyl sulphide, 217 
Diaminodixenylamine, 499 
Diaminodurylio acid, 368 
Diatninoduorane, 550 
Diaminofluorene, 679 
Diaminofluorenone, 681 
Diaminofuchsonimine, 533 
Diaminohexaphenylxylene, 551 
Diaminohydrazobenzene, 146, 499 
Diaminohydroquinone, 228 
Diaminoisophthalio acid, 390 
Diaminomesitylene, 107, 373 
Diaminonaphthalene, 607, 617 ,628 
Diaminonaphthalenecarboxylic acid, 607 
Diamlnonaphthoic acid, 635 
Diaxninoperylene, 701 
Diaminophenanthrene, 673 
Diaminophenazine, 106, 108 ff, 
Diaminophenol, 244 
Diaminophenylnaphthalene, 607 
Diaminopseudocumene, 107 
Diaminopyrogallol, 233 
Diaminopyromellitic acid, 396 
Diatninoquinone, 239 
DiaminoQuinoneimine, 244 
Diaminoquinozaline, 108 ff. 
Diaminoresorcinol, 239 
Diaminostilbene, 500, 559, 661, 585 
Diaminoterephthalio acid, 392 
Diaminotetrahydrozy benzene, 8 $S, 240#. 
Diaminotolane, 562 
Diaminotoluene, 107 
Diaminotriphenylcarbinol, 530, 6 S2 ff, 
Diaminotriphenylchloromethane, 527 
XHaminotriphenylmethane, 626, 527, 536 
Diaminotriphenylmethane sulphate, 525 
Diaminoxylene, 107 
Diamond black, 362 


Dianhydrodiaoetoanthranilic acid, 322 
Dianilidoacetio acid, dl 
Dianilidoquinoneimine, 76 
Dianilinochloroquinone anil, 234 
Dianilinodichloroquinone, 234 
Dianilinofuchsoanil, 538 
Dianilinoguanidine, 160 
Dianilinophenylquinonediiroine, 77 
Dianilinoquinone, 236, 239, 247 
Dianilinoquinone anil, 235, 239, 247 
Dianilinoquinone dianil, 239, 247 
Dianilinotoluquinone, 240 
Dianilinourea, 158 
Dianisidine, 500, 602 
Dianisylacetic acid, 555 
Dianisylchloroethyleue, 562 
Dianisylmercury, 171 
Dianisylnitrogen, 149 
Dianisyl sulphide, 228 
Dianthranilide, 278, 324 
Diaiithranol, 662, 655, 657 
Dianthranoylacetylene, 322 
Dianthranyl, 654 #. 
Dianthraquinoneimide, 659 
Dianthraquinoyl, 667, 709 
Dianthraquinoyldicarbozylic acid, 668 
Dianthrone, 652, 655 
Dianthryl, 651, 654, 655 
Diatropic acid, 470 
Diazine dyes, 248, 630 
Diazoacetophenone, 297, 403 §,, 405, 407, 
409 

Diazoaminobenzene, 116, 128, 130, 141, 
147, 148, 170 

Diazoaminobenzenecarbozylic acid, 328 
Diazoaminobenzoic acid, 331 
Diazoaminohydroxy benzenes, 150 
Diazoaminonaphthalene, 618 
Diazoaminotoluene, 127, 129 ,139 
Diazobenzaldozime anhydride, 279 
Diazobenzeneamide, 128, 132 
Diazobenzeneaminobromobenzene, 129 
Diazobenzeneaminotoluene, 129 #. 
Diazobenzene anhydride, 119 
Diazobenzeneanilide, 128,129 
Diazobenzene cyanide, 121, 135, 161. 

See also Phenyldtazonium cyanide. 
Diazobenzenedimethylami ne, 129 
DiazobenzeneCthylamide, 129 
DiazobenzeneSthyl hydrazide, 129 
Diazobenzenemethylamide, 129 
Diazobenzenemethyl ether, 70 ,120 
Diazobenzenenitrosoanilines, 150 
Diazobenzene perbromide, 111, 115, 116, 
123 ^ 

Diazobenzenephenylhydrazide, 165 
Diazobenzenepiperidine, 129 
Diazobenzenesulphonio acid, 121, 147,178 
Diazobenzene thiocyanate, 117 
Diazobenzoio acid, 328, 330, 361, 505 
Diazobenzonitrile, 332 
Diazobenzoylacetone, 405, 409 
Diazobenzyl alcohol, 336 
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Diazocinnamic acid, 468 
Diazofluorene^ 679 
Diazohydrate, 119, 120 
Diazohydroxyaminobenzeiie, 131 
Diazoimidobenzoio acid, 331 
Diazonaphthalene, 628 
Diazonaphthaleneimide, 617 
Diazouaphthaleiiesulphonic acid, 620 
Diazonaphthionic acid, 620 
Diazonaphtholsulphonic acid, 624 
Diazonium salts, 112 
Diazophenylacetic acid, 364 
Diazophenyl disulphide, 228 
Diazotates, 147 

Dibenzal>. See also Dibemylidenti^. 
Dibenzalacetone, 587 ff. 

Dibenzalacetone dichloride, 587 
Dibenzaldiethyl ketone, 588 
Dibenzalpropionic acid, 581, 384, 605 
Dibenzalpropiophcnone, 583 
Dihen zamide, 300 
Dilx^nzainidineurea, 309 
Dibenzanthracene, 702 ff., 70S ff. 
Dibenzanthraquinone, 704 
Dibenzcoronene, 710, 712 
Dibenzcoroiienequinone, 712 
Dibenzeiiesulphirnidc, 175 
Dilienzetie&ulplioiiodifj.nthraiiilide, 324 
Diberizenesulphonehvdraziiie, 175 
Dil^enzenesulphoriehydroxylamitio. 175 
Dibenzonylazoxinie, 274, 567 
Dibenzenylhydrazidine, 311 
Dibenzenylisazoxitne, 311 
Dibenzenyloxoazoxinie, 274 
Dibeiizhydrylamine, 513 
Dibenzhydrylbenzene, 524 
DibenzoHuorene, 684 
Dibenzofulvene, 680 
Dibenzofulvenecarboxylic acid, 682 
Dibenzohydrazide chloride, 307 
Dibenzohydroxamic acid, 97, 313 ff. 
Dibenzothiophene, 216 
Dibenzoyl. See Denzil. 

Dibenzoylacetic acid, 579, 680 
Dibenzoylacetone. 579 
Dibenzoylacetylmethane, 579 
Dibeiizoylaniline, 519 
Dibenzo 3 ’lbenzeiie, 524 
Dibenzoylbutane, 589 
Dibenzoyldiaininoanthraquiiirine, 659 
Dibenzoyldimethj'lnaphthalene, 707 
Dibenzoyldiphenylbutadieno, 589 
Dibenzoyldiphenylpropane, 588 
Djbenzoylonep> ridine, 599, 600 
Dibenzoylethane, 583 
Dibenzoylethylene, 683, 586 
Dibenzoylethylenedicarboxylic acid, 586 
Dibenzoylfumaric acid, 586 
Dibenzoylglutaric acid, 588 
Dibenzoylglyoxime, 584 
Dibenzoylhydrazine, 303, 307 
Dibenzoylmaleic acid, 586 
Dibenzoylmalic acid, 583, 686 


Dibenzoylrnesitylenic acid, 525 
Dibenzoylniesitylene, 525 
Dibenzoylmethane, 577, 579 ff. 
Dibenzoyinaphthalerie, 706 
Dibonzoyl peroxide, 298 
Dibenzoylperylene, 698, 702 
Diberizoylphenolphthalein, 547 
Dibenzoylphenyldicarboxylic acid, 702 
Dibenzoylphenjdhydrazine, 303 
Dibenzoylpropane, 588 
Dibenzoylpropionii? acid, 585 
Dibenzoylpyrene, 700, 710 
Dibenzoylquinone dioxime, 242 
Dibenzoylstilbene, 584 
Dibenzoylstyiene, 584 
Dibenzoylsuccinic acid, 430, 683 
Dibenzoyltriniesic acid, 525 
Dibenzoylurea, 301 
Dibenzoyluvitic acid, 525 
Dibenzperyleno, 709 

Dibenzphenanthrene, 702, 703, 704* See 
also Picene. 

Dibenzphenanthrenedicarboxylie acid. 

703, 704 

Dibenzphenanthrenediquinone, 703 
Dibenzpyranthrone, 711 
Dibenzpyrene, 706 
Dibenzpyrenequinone, 706 
Dibenzrubicene, 692 

Dil)enzyl, 41. 259, 493, 338 ff., 569 ff„ 
645,668,693 
Dibenzylacetic acid, 580 
Dibenzylacetone, 587 
Dibenzylacetonedicarboxylic acid, 588 
Dibeuzylacetophenone, 579 
Dibenzylamine, 237, 273, 306 
DibenzylaniJine, 258 
Dibenzylanthracene, 649 
Dibenzylbenzamidine, 310 
Dibenzylbenzene, 524 ff. 
Dibenzylcarbinol, 576 
Dibenzylcarboxylic acid, 3(J9 ff., 370 
Dibenzyldicarboxylic acid, 369, 570, 

672 

Dibenzyldiphenylliydrazine. 259 
Dibenzylethane, 581 
Dibenzylethylamine, 580 
Dibenzylethylenediarnine, 258 
Dibenzyliluorene, 678 
Dibenzylformhydroxainoxiiue, 260 
Dibenzylglycolic acid, 380, 585 ff. 
Dil)enzylguanidine, 259 
Dibenzylhydrazine, 259 
Dibenzylhydroxylamine, 260, 274 
Dibenzylidene-. See also Dibenzal-, 
Dibenzylidenediphenyldihydrotetrazene, 
166, 273 

DibenzylideneSthylenediamine, 258 
Dibenzylidonephenylenediamine, 272 
Dibenzylidenesucoinic acid, 683, 606, 637 
I Dibenzylidenetriaoetophenone, 283, 588 
I Dibensylindene, 593 
I Dibenzyl ketone, 507, 676, 680 ff. 
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Dibeniorlmaloiuo add, 580 
Dibexusylmethane, 576 
Dibensylmethylphenol, 191 
DibexusylnitroBamine, 250 
Dibenayl oxdate, 255 
Dibenxyloxyurea, 260 
Dibenaylphenol, 254 
Dibenaylphenylcarbinol. 576 
Dibenaylpiperaaine, 258 
Dibeniylthiohydroquinone, 228 
l>ibeniylthioresordnol, 224 
Dibanaylurea chloride, 259 
Dibiphenylenebutadiene, 681 
Dibiphenylenedibiphanylylethane, 680 
Dibiphenylenediphenylethane, 679 
Dibiphenylene6thane, 680^ 706 
Dibiphenylene5thylene, 680 
Dibiphenylyl, 507 
Dibiphenylylbifiuoi*ene, 680 
Dibromoacetophenone, 407, 410, 424 
Dibromoaoetophenoneoarboxylic add, 
450,482 

Dibromoaminoanthraquinone, 660 
Dibromoaminobenzaldehyde, 279 
Dibromoaminophenol, 245 
Dibromoaniline, 102 
Dibromoanisole diazohydrate, 120 
Dibromoanthracene, 540, 656 
Dibromoanthracene tetrabromide. 649 
Dibromoanthranilic acid, 64, 327 
Dibromoanthraquinone, 658, 662 
Dibromoanthrone, 651 
Dibromoatrolactinic acid, 404 
Dibromobenzene, 44. 48, 5/, 61, 63, 
220, 326, 390#., 507 

Dibromobenaenediazonium chloride, 117 
Dibromobenzoic acid, 296 
Dibromobenzophenone, 517 
Dibromobiphenylylethylene, 680 
Dibromobutyrophenone, 460 
Dibromocarbonylaminophenol, 360 
Dibromochlorol^nzenediazonium bro¬ 
mide, 117 

Dibromochlorotoluquinol, 342 
Dibromocinnamic acid, 4^7, 592, 596 
Dibromodibenzofulvene, 681 
Dibromodichlorotoluquinol, 342 
Dibromodihydroxybenzoyl^iizoic acid, 
549 

Dibromodiiodoquinone, 238 
Dibromodiketohydrindene, 600 
Dibromodimethylmethyleneqmnone, 340 
Dibromodinitrofiuoresoein, 550 
Dlbromodiphenyl, 496 
Dibromodurene, ^ #• 

Dibromofluorene, 678 
Dibromogallio add, 371 
Dibromoglutario ester, 26 
DibromoheterocoerdianthFone, 709 
Dibromohydratropic add, 419 
Dibromohydrindene, 596 
IMbromohydrindone, 599 
Dibromohydrodnnamio add, 420 


Dibromohydroquinone, 227 
Dibromohydroxybenzhydrol, 512 
Dibromohydroxybenzyl bromide, 339 
Dibromohydroxymesityl bromide, 339 
Dibromohydroxypseudocumyl bromide, 
339 

Dibromoindene, 594 
Dibromoindone, 592, 596 
Dibromoisodurene, 56 
Dibromoisoeugenol dibromide, 339 
Dibromoisophthalic acid, 391 
Dibromomexithone, 190 
Dibromomesitylene, 56 
Dibromomethylantbraquinone, 657 
Dibromomethylenephthalide, 482 
Dibromonaphthalene, 388 
Dibromonaphthaquinone, 500, 631 
Dibromonaphthol, 622 
Dibromonaphthoquinonecarboxylio acid, 
607 

Dibromonitraniline, 63 
Dibromonitroacetophenone, 407 
Dibromonitrobenzene, 63 
Dibromonitrophenol, 200 
Dibromoperylene, 701 
Dibromophenanthraquinone, 676 
Dibromophenanthrene, 570, 676 
Dibromophenol, 105, 665 
Dibromophenylbutyric acid. 429 
Dibromophenylenediamine, 243 
Dibromophthdic acid, 388 
Dibromopropiophenone, 460 
Dibromopseudocumene, 56 
Dibromopyrogallol, 229 
Dibromoquinone, 198, 238 
Dibromoquinoneohlorimine, 244 
Dibromoquinonephenoliinine, 245 
Dibromorubrene, 602 
Dibromosalicylic acid, 362 
Dibromosalicyloyl chloride, 357 
Dibromostilbene, 569 
Dibromostyrene, 444 
Dibromoterephthalic acid, 392 
Dibromotetraline, 641 
Dibromotetramethylbenzeue, 56 
Dibromothioindoxyl, 427 
Dibromotoluene, 55 
Dibromotoluqinol, 342 
Dibromoxylene, 45, 391 
Dicarbanil, 98 

DicarbethoxycafFeic acid, 577 
Dicarboxyphenylglyoxylic acid, 391, 395, 
396, Ulf 609 
Dicatechol, 502 

Dicatechylphosphorus monochloride, 220 
Dichloroacetarnide, 32 
Dichloroacetophenone, 407 
Dichloroacetyltrichlorocrotonio acid, 31 
Dichloroaminoanthraquinone, 660 
Dichloroaminobenzaldehyde, 279 
Dichloroaminohydroxyquinone, 239 
Diohloroaniline, 102 
Dichloroanthraoene, 540* 656 
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Dichloroauthracene tetrachloride, 649 
Dichloroanthrsnilic acid, 327 
Dichloroanthraquinone, 659 
Dichloroanthrone, 653 
Dichloroazoxybenzene, 135 
Dichlorobenzaldehyde, 275 
Dichlorobenzene, 50 Jf., 63, 106, 226, 236, 
507,663 

Dichlorobenzenesulphonic acid, 178 
Dichlorobenzylideneacetophenone, 577 
Dichlorocinnamic acid, 407, 596 
Dichlorocreaol, 238, 342 
Dichlorodiaminodiphenylmethane, 511 
Dichlorodiatninoperylene, 70] 
Dichlorodiaminoquiiioue, 239 
Dichlorodihydroxynaphthalene, 631 
Dichlorodihy droxyphenylrneth ane, 196 
Dichlorodiketohydrindone, 600 
Dichlorodinitrobeiizeno, 63, 496 
Dichlorodinitrodiphenyl, 496 
Dichlorodinitroperyleiie, 701 
Dichlorodinitrostilbene, 560 
Dichlorodipheiioxymethane, ] 96 
Dichlorodiphenyl, 496 
Dichloroethylbenzene, 401, 443 ff. 
Dichlorofluorane, 548 
Dichlorofluorone, 679 
Dichlorohydrindene, 596 
Dichlorohydrocinnamic acid, 420 
Dichlorohydroqninone, 227 
Dichlorohydro<iiiinonedisiilphonic acid, 
228, 240 

Dichlorohydroxyindenecarboxylic acid, 
593, 595, 610, 631 
Dichloroindone, 596, 598, 610^, 
Dichloroisoquinoline, 394 
Dichloromaleic acid, 31,32, 238 
Dichloromaleinanil, 101 
Dichloromalonic acid, 32 
Dichioromethoxyphthalic acid, 389 
Dichloromethoxystyrene, 455 
Dicliloromethyll)OTizoic acid, 381 
Dichloromethyl chlorovinyl dikctone, 31 
Dichloromethylene phthalide, 482 
Dichloronaphthalene, 614, 642 
Dichloronaphthaquinone, 593, 595, 604, 
610, 621. 629, 631 
Dichloronaphthol, 437 
Dichloronitroacetophenone, 407 
Dichloronitroethylbenzoylformic acid, 
610 

Dichloroperylene, 701 
Dichlorophenanthrene, 672 
Dichlorophenol, 198 
Dichlorophenylparaconie acid, 437 
Dichlorophthalic acid, 389 
Dichlorophthalic anhydride, 388 
Dichloropiperonal diohloride, 349 
Dichloroquinone, 198, 238 
Dichloroquinonedisulphonic acid, 240 
Dichloroi^icylic acid, 362 
Dichlorosalicyloyl chloride, 357 
Diohlorostilbene, 560 


Dichlorostilbene dichloride, 562 
Dichlorostyrene, 444 
Dichlorotetrahydroxybenzene, 232 
Dichlorotolane, 562 
Dichlorotoluene, 55 
Dichlorotoluic acid, 381 
Dichlorotoluquinitrol, 340 
Dichlorotoluquinol, 340, 342 
Dichlorotribromophenol, 198 
Dichlorovinylphenyliodonium chloride, 

53 

Dicinnainoyl peroxide, 465 
Dicinuainylidenesuccinic acid, 589 
Dicoumarie ketone, 588 
Dicoumarin, 475 ,469 
Dicresotide, 363 
Dicresylpropane, 512 
Dicyanobenzene, 390, 392 
Dicyanobenzyloxyphenylmethane, 411 
Dicyanodibenzyl, 412 
Dicyanodihydroxynaphthalene, 638 
Dicyanodihydroxyquinone, 240 
Dicyanohydroquinone, 236 
Dicyanonaphthalene, 637 ff* 
Dicyanophenylpropionic acid, 438 
Dicyanostilbene, 572 
Dicyclohexyl, 494 
Dicyclohexylpropane, 576 
Dicyclopentadiene, 36 
Diene synthesis, 509, 647 
Diethinylbenzene, 448 
Diethoxybenzidine, 145 
Diethoxybenzoic acid, 366 
Diethoxyhy drazoben zen e, 145 
Diethoxyquinone, 239 
Diethylacetophenone, 284 
Diethylaminobenzaldehyde, 279 
Diothylaminobenzoic acid, 329 
Diethylaniline, 81, 150, 181, 329 
Diethylaniline sulphinic acid, 181 
Diethylanthranilic acid, 325 
Diethylanthrone, 651 
Diethylbenzene, 34, 46 
Diethylbenzidine, 125, 499 
Diethylbenzoylacetio ester, 431 
Diethylbenzylaminecarboxylic acid, 

377 ff, 

Diethylbutenylbenzene, 448 
Diethylcoumaryl alcohol anhydride, 457 
Diethyldiaminodiphenyl, 499 
Diethyldihydrobenzoacenaphthene, 689 
Diethyldihydrobenzoacenaphthenedione, 
689 

Diethyldihydroxybenzoquinone, 240 
Diethyldihydroxydihydroanthracene, 656 
Diethyldihydroxydihydrophenanthrene, 
675 

Diethyldiketohydrindene, 600 
Diethyldiphenylisothiourea, 94 
Diethyldiphenyltetrazene, 165 
Diethylenediphenyldiamine, 83 
Diethylglycocollanunosalicylic acid, 362 
Diethylhydiindone, 598 
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Diethylm^thylbensene, 48 
Diethylphenanthrone, 675 
Diethylphenol, 191 
Diethylphenylacctaldehyde, 399 
Diethylphenylglycol. 399 
Diethylphenylhydrazine, 161 
DiethylphenyJhydrazonium bromide. 150 
Diethylphthalide, 378 
Diethylterephthalyl. 375 
Diethyl tetrahydroacenaphthhydrindene, 
690 

Diethylvinylbenzene, 48 
Diethylxylylene alcohol, 373 
Difluorobenzene, 50 
Difluorochlorotoluene, 317 
Difluorodiphenyl, 496 
Diformazyl, 162, 16Ji. 

Difuchsonyl, 503 
Digallic acid. 371 
Diglycolanilic acid. 91 
Diglycolic phenylimide, 91 
Dihippenylurea, 304 

Dihomocatechyl phosphorus monochlo- 
lide, 221 

Dihydrazinodiphenylmethane, 512 
Dihydrazodiphenyl, 500 
Dihydrazodiphenyidisulphonic acid, 501 
Dihydroanthracene, 645, 665 Jf. 
Dihydroanthranol. 666 , 657 
Dihydroapiole, 232 
Dihydrobenzarithrene, 697 
Dihydrobenzonaphthalene. 640 
Dihydrocarboxylio acid, 240 
Dihydrochlorotoluene, 66 
Dihydrocoiimarin, S66, 474 
Dihydrodianthrone, 652 
Dihydrodiphenyl, 4^4 
Dihydrodiphonylmuconic acid, 693 
Dihydrodiphthalyldiimide, 670 
Dihydroeugenol, 221 , 452 
Dihydroisocoumarincarboxylic acid, 394, 
4^, 609, 641 
Dihydroisoindole, 372 
Dihydroisopyranthrone, 711 
Dihydromethylindole, 287 
Dihydronaphthacene, 696 
Dihydronaphthalene, 395, 64 O, 643 
Dihydronaphthalene dibromide, 643 
Dihydronaphthoio acid, 64 I, 645, 647, 
669 

Dihydronaphthol, 440, 609, 64 ^1, 644 
Dihydronaphthylamine, 641 
DihydroOrsellinic acid, 367 
Dihydropentacene, 702 
Dihydrophenanthrene, 676 
Dihydrophenazine, 149 
Dihydrophthalic acid, 384 
Dihydropiperic acid, 477, 481 
Dihydropyrazine, 667 
Dihydroquinasoline, 263 
Dihydroquinone, 602 
DibydroresordnoU 32, 222 
Dihi^roretene, 677 


Dihydrorubicene, 691 
Dihydrorubrene, 603 
Dihydrosafrol, 464 
Dihydroxyacetophenone, 236, S62 
Dihydroxyanilidoquinones, 246 
Dihydroxyanthracene, 661, 664 
Dihydroxyanthraooumarin, 653 
Dihydroxyanthraquinone, 646, 656, 661, 
662 ff>, 666. See also Alizarin. 
Dihydroxyanthraquinonecarboxylic acid. 

665 if. 

Dihydroxyanthrone, 653 
Dihydroxyl)enzaldehyde. 347, 360 
Dihydroxybenzaldiketohy«irindene, 699 
Dihydroxybenzene, 28, 2tS, 213, 222, 
226, 235 

Dihydroxybenzhydrol, 513 
Dihydroxybenzoic acid, 28, 219, 366, 367, 
389,393, 646, 664 iT. 

Dihydroxybenzophenone, 196, 235, 621, 
540, 542, 647 

Dihydroxybenzophenone chloride, 642 
Dihydroxybenzoylbenzoic acid, 648 ff. 
Dihydroxybenzoylcarbinol, 406 
Dihydroxybenzoyl chloride, 350 
Dihydroxybeiizyl alcohol, 337 
Dihydroxybenzylamine, 338 
Dihydroxybonzylidencmalonic arid, 451 
Dihydroxycarboatyril, 433 
Dihydroxychiyscne, 693, 696 
Dihydroxycinnamio acid, 369 jf., 476, 

477 

Dihydroxycoumarin, 478, 486 
Dihydroxy cyclohexanone, 237 
Dihydroxydibenzylideneacetone, 461 
Dihydroxydiethyldihydroanthracene, 656 
Dihydroxydiketotetrahydronaphthalene, 
610 

Dihydroxydimethoxydiethyldihydrf>an- 
thracene, 453 

Dihydrf)xydimethyldihydroanthracene. 

656 

Dihydroxydirnethyltriphenylcarbinol. 

640 

Dihydroxydimethyltriphenylmethane, 

539 

Dihydroxydinaphthyl, 622, 638, 700 
Dihydroxydinaphthyl sulphide, 628 
Dihydroxydinitrotetrahalogenohexene- 
carboxylic acid, 236 
Dihydroxydiphenic acid, 506 
Dihydroxydiphenyl, 188 ,601 ff* 
Dihydroxydiphenylamine, 207 ,245 
Dihydroxydiphenyldicarboxylic acid; 607 
Dihydroxydiphenyldihydroanthracene, 

666 

Dihydroxydiphenyl disulphide, 222 
Dihydroxydiphenylmethane, 187, 612 
Dihydroxydiphenylphthalide, 647 ,663 
Dihydroxydiphenylquiuone, 608 
Dihydroxydiphenyl sulphide, 222 
Dihydroxydiphenylsulphone, 180 ff,, 236 
Dihydroxydiquinoyl, 240 ff. 
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Dihydroxydiquinoylbenzeno, 240 
Dihydroxyditolyl phthalide, 547 
Dihydroxydurylic acid, 368 
Dihydroxyethyli^nsene. 373, 448 
Dihydroxyhexaphenylxylene, 551 
Dihydroxyhydrindene, 596 
Dihydroxyhydrobenzoin, 564 
Dihydroxyisophthalic acid, 301 
Dihydroxyisopropyibenzene, 373 
Dihydrox 3 rmandelic acid, 369, 41 !S 
Dihydrox 3 rmesitylene, 225 
Dihydroxymethoxycoumarin, 478 
Dihydroxymethylanthraquinone, 664 
Dihydroxymethylcinnamic acid, 477 
Dihydroxymethylcoumarin, 478 
Dihydroxynaphthacenequiuone, 695 
Dihydroxynaphthalene, 292, 610, 617 ff., 
620, 6$7, 629 Jf., 631 
Dihydroxynaphthalenecarboxylic acid, 
544, 606, 6 S6 

Dihydroxynaphthaquinone, 614, 630 ff. 
Dihydroxynaphthoic acid, 606, 636 
Dihydroxynaphthyl ketone, 634 
Dihydroxyperylene, 701 ff. 
Dihydroxyphenantbraquinone, 676 
Dihydrox 3 rphenanthrene, 506, 674, 676 
Dihydroxypheny lace tic acid, 225, 368 ff. 
Dihydroxyphenylaccticdicarboxylic acid, 
396 

Dihydroxyphenylacrylic acid, 476 
Dihydroxyphenylalanine, 417 
Dihydroxyphenylanthrone, 546. 663 
Dihydroxyphcnyl ether, 220 
Dihydroxyphenylethylamine, 338 
Dihydroxyphenylethylniethylamine, 338 
Dihydroxyphenylglyoxylic acid, 427 
Dihydroxyphenyllactic acid, 415 
Dihydroxypheiiylniethylaminoelhanol, 
402 

Dihydroxyphenyloxanthrone, 546 
Dihydrox 3 q)henylpropionic acid, 368, 
369 

DihydroxyphenyIxanthydrol, 541 
Dihydroxyphthalic acid, 388, 389, 390 
Dihydroxyphthalimide, 389 
Dihydroxyphthalonitrile, 389 
Dihydroxypulvinic acid, 586 
Dihydroxyquinoline, 425 
Dihydroxyqninone, 226 ff., 232, £39 ff. 
Dihydroxyquinouecarboxylic acid, 239 
Dihydroxyquinoncdicarboxylic acid, 239 
Dihydroxyquinoxaline, 108 ff. 
Dihydroxystilbene, 661 
Dihydroxytartaric acid, 28, 219 
Dihydroxyterephthalic acid, 393,393 
Dihydroxythymoquinone, 240 
Dihydroxy toluene, 26, £34^ 

Dihydroxy toluic acid, 367 ff. 

Dihydroxytoluquinone, 240 
Dihydroxytrimesic acid, 396 
Dihydroxytriphenylacetio lactone, 558 
Dihydroxytriphenylcarbinol, 540 
Dihydroxytriphenylmethane, 530 ff. 


Dihydroxytriphenylmethauecarboxylic 
acid, 544, 546 

Dihydroxytriphenylmethauedicarboxylic 
acid, 644 

Dihydroxyxanthone, 521, 541 
Dihydroxyxanthydrolcarboxylic acid, 549 
Dihydroxyxylene, 224 ff, 

Dihydroxyxylic acid, 368 
Dihydroxyxyloquiiione, 232, 340 
Diiminosuccinosuccinic acid, 392 
Diindenyl, 594 

Diiodoacetophenone, 406 , 407 
Diiodoaniline, 102 
Diiodobenzene, 52 
Diiodocinnamic acid, 467 
Diiododiketohydrindene, 600 ff. 
Diiododimethyldii8opropyldix>hcnoqui- 
none, 190 

Diiododiphenyl, 496 
Diiododithymol, 190 
Diiodonaphthalene, 700 
Diiodophenol, 197, 198 
Diiodophenylbut 3 nric acid, 429 
Diiodophthalic acid, 388 
Diiodosalicylic acid, 362 
Diiodosalicyloyl chloride. 357 
Diiodosodiphenyl, 496 
Diiodostyrene, 444 
Diiodotoluene, 55 
Diiodotyrosine, 417 
Diiaatogen, 582 
Diisoeugenol, 453 
Diisonitrosodibenzyl ketone, 576 
Diisonitrosohydrindone, 599 
Diisopropenylbenzene, 373, 443 
Diisopropylacetophenone, 285 
Diisopropylbenzaldehydo, 270 
Diisopropyldihydroxybenzoquinone, 240 
Diisopropyi ketone, 231 
Diisopropylphcnylenediamine, 103 
Diisopropylphthalide, 378 
Diisopropyltoluene, 25 
Diisopropylxylylene alcohol, 373 
Diketocyclohexanetetracarboxylic acid, 
396 

Diketocyclohexeiiesulphonic acid, 224 
Diketodihydroauthracene. See A nthra^ 
quinone. 

Diketodihydrobenznaphthene, 640 
Diketohydrindene, ^4, 482, 596 ff., 
599, 611, 696 

Diketohydrindene aldehyde, 600 
Diketohydrindenecarboxylio acid, 491, 
600 ^. 

Diketohydrindene nitrosite, 629 
Diketomethylpentachlorocyclohexene, 
225 

Diketone formula for quinone, 234 
Diketodotahydroanthracene, 647 
DiketoOctahydrophenantlirenecarboxylio 
acid, 669 

Diketosucoinic acid, 231 
Diketotetrahydronaphthalene, 644 
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Diketotetrahydronaphthylene oxide, 629, 

eu 

Diketotetrahydroquinacoline, 328 
Dill apiolaldehyde, 351 
Dill apiole, 232, 4 JS 
Dill apiolio acid, 232 
DUl isoapiole, 351, 

Dill oil, 455 
Dimesityl, 494 , 511 
Dimesityleliiane, 559 
Dimesitylmethane, 511 
Dimethoxyacetophenone, 338 
Dime^oxyanthranilcarboxylic acid, 

389 

Dimetho3Qrantlirone, 663 
Dimethoxybenzoic acid, 555, 377 
Dimethoxybenzoyl cyanide, 424 
Dimethoxybenzyl chloride, 369 
Dimethoxycinnamic acid, 477 
Dimethoxycoumarin, 478 
Dimethoxydihydroxybenzene, 232 
Dimethoxydiphenyl sulphide, 228 
Dimethoxyhydrazobenzene, 145 
DimethoxyhydrocafTeyl chloride, 221 
Dimethoxyhydroxyphenylmethylmeth- 
ane, 451 

Dimethoxsnooiandelic acid, 368 
Dimethoxymethylenedioxybenzalde- 
hyde, 351 

Dimethoxyoxyacetic benzoic acid, 371 
Dimethoxyphenanthrene, 674 
Dimethoi^henanthreneoarboxylic acid, 
674 

Dimethoxyphenoxyacetio acid, 232 
Dimethoxyphenylalanine, 417 
Dimethoxyphenylisocoumarin, 382 
Dimethoxsrphenylsuccinic anhydride, 435 
Dimethoxyphthalaldehydic acid, 379, 

4 ^ 0 ,417 

Dimethoxyphthalazone, 381 
Dimethoxyphthalic acid, 366, 389 1 

Dimethoxyphthalide, 577,575 
Dimethoxyphthalidecarboxylic acid, 439 
Dimethoxyphthalonic acid, 382 
Dimethoxyquinone, 239 
Dimethoxyquinone oxime, 231 
Dimethoxystilbene, 450 
Dimethoxytolane, 562 
Dimethoxytolylmethyl ketone, 382, 390 
Dimethoxytrichloromethylphthalide, 378 
Dimethoxyxanthone, 541 
Dimethylaesculetin, 478 
Dimethylallylbydroxsoiaphthaquinone, 

630 

Dimethylamaric acid, 588 
Dimethylaminoacetophenone, 405 
Dixnethylaminoaxninodiphenylmethane, 

613 

Dimethylaminoanthrone, 653 
D^ethylaminoazobenzene, 107 
Duxiethylaminoazobenzenesulphonic acid, 
179 


Dimethylaminobenzaldehyde, 575, 411, 
460 

Dimethylaminobenzamide, 520 
Dimethylaminobenzhydrol, 513 
Dimethylaminobenzoio acid, 555, 538 
Dimethylaminobenzophenone, 5/5, 674 
Dimethylaminobenzoylbenzoio acid, 519, 
555 

Dimethylaminobenzoyl chloride, 427 
Dimethylaminobenzoyl cyanide anil, 424 
Dimethylaminobenzyl alcohol, 279 
Dimethylaminobenzylbenzoio acid, 653 
Dimethylaminobenzylideneacetone, 460 
Dimethylaminocinnamic acid, 468 
Dimethylaminomandelic nitrile, 411 
Dimethylaminomethylcoumarin, 475 
Dimethylaminonitrobenzhydrol, 513 
Dimethylaminophenol, 83,475,542 
Dimethylaminopheny]acetylglycolic acid, 
432 

Dimethylaminophenylanilidoacetonitrile, 

413 

Dimethylaminophenylglyoxylic acid, 426 
Dimethylaminophenylmagnesium halide, 
532,537,538 

Dimethylaminophenyltartronic acid, 436 
Dimethylaminophenyltrichloroethyl alco¬ 
hol, 279, 411 

Dimethylaminotriphenylcarbiuol, 532 
Dimethylaminotriphenylmethane, 526 
Dimethylaniline, 49, 78, 81, 55/., 91, 99, 
112, 167, 181, 237, 245, 248, 329, 407, 
411, 426, 498, 512, 513 /., 518 /., 519, 
523, 526 532 /., 536 /., 545, 568, 

653, 656 

Dimethylaniline ethyl iodide, 82 
Dimethylanilinemagnesium bromide, 533 
Dimethylaniline oxide, 82, 55 
Dimethylanilinephthaloyl acid, 523 
Dimethylanilinesulphinic acid, 181 
Dimethylanilinesulphonic acid, 83 
Dimethylanthracene, 545, 545, 656 
Dimethylanthranilic acid, 325 
Dimethylanthraquinone, 657 
Dimethylanthramfin, 664 
Dimethylapionol, 232 
Dimethylauiine, 542 
Dimethyll^enzaldehyde, 270 
Dimethyl benzamide, 300 
Dimethylbenzamide chloride, 307 
Dimethylbenzanthrone, 698 
Dimethylbenzene. See Xylene, 
Dimetl^lbenzoio acid, 292 
Dimethylbenzoquinone, 26. See also 
Xyloquinone, 

Dimetl^lbenzoyl chloride, 270 
Dimethylbenzyl alcohol, 252 
Dimethylbenzylcarbinol, 253 
Dimethylbenzylcyanide, 252 
Dimethylbutenylbenzene, 448 
Dimethylbutylbenzene, 48 
Dimethylcaffeic acid, 476 
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DImethyloarbozyphenylmethylgluta- 
oonio acid, 26 

Dimethylooumaryl aloohol anhydride, 
467 

Dimethyloyclohexenone, 74 
Dimethyldaphnetin, 478 
Dimethyldiaminodiphenyl, 499 
Dimethyldiaminotriphenylcarbinol. 532 
Dimethyldiaminotriphenylmethane, 527 
Dimethyldianthracene, 648 
Dimethyldianthranilide, 324 
Dimethyldianthraquinoyl, 667, 710 
Dimethyldibenzyl, 559 
Dimethyldicyanodiaminotriphenylmeth- 
ane, 527 

Dimethyldihydroanthraccne, 655 
Dimethyldihydroresorciiiol, 388 
Dimethyldihydroxybenzoqmnone, 
Dimethyldihydroxydihydroantbracene, 
656 

Dimethyldihydroxydihydrophenan- 
threne, 672 ,676 

Dimethyldihydroxyketodihydrobenzene, 

231 

Dimethyldiketohydrindene, 600 
Dimethyldiphenyl, 494 
Dimethyldiphenyldicarboxylio acid, 507 
Dimethyldiphenyldihydropyrazine, 405 
Dimethyldiphenyltetrazene, 165 
Dimethyl ether. See also Dimethyl-, 
Dimethylethylbenzene, 46 
Dimethylfluorane, 548 
Dimethylgallie acid, 370 
Dimethylgentisinal alcohol, 338 
Dimethylhomogallic acid, 371 
Dimethylhydrindone, 698 
Dimethylhydrophthalide, 373 
Dimethylhydrothsrmoquinone, 227 
Dimethylhydroxyfuohzone, 540 
Dimethylhydroxypropenehydroxynaph- 
thaquinone, 630 

Dimethylindacenedicarboxylic acid, 690 
Dimethylindene, 593 
Dimethylisopropylnaphthalene, 613 
Dimethylmorphol, 674 
Dimethylnaphthalene, 36, 396, 607, 61S 
Dimethylnaphthylaminosulphonic acid, 
620 

Dimethylolcresol, 373 
Dimethylphenanthrene, 672 
Dimethylphenanthrol, 673 
Dimethylphenanthrone, 675 
Dimethylphenylacetaldehyde, 399 
Dimethylphenylbetain, 91 
Dimethylphenylcarbinol, 41, 263, 446 
Dimethylphenylenediamine, 107, 142, 

243#., 246,248 

Dimethylphenylene green, 248 
Dimethylphenylglycol, 399 
Dimethylphenylhydrazine, 151 
Dimethylphenylpropionio acid, 598 
Dimethylphlorogluoinol, 230 #« 


Dimethylphthalan, 373 
Dimethylphthalide, 378 
Dimethylpleiadone, 713 
Dimethylprotocatechuic acid, 366, 452 
Dimethylquinol, 341 
Dimethylquinoline, 36, 88, 286 #. 
Dimethylquinone, 26, 234 
DimethyLresoroylaldchyde, 477 
Dimethylstyrene, 46, 446 
Dimethylterephthalic acid, 270, 392 
Dimethyltolane, 562 
Dimethyl toluidine, 112 
Dimethyltolylcarbinol, 47 
Dimethyltolylethylenelactic acid, 418 
Dimethyltolylhydracryllc acid, 418 
Dimethyltriphenyldimethane, 524 
Dimethylvinylbenzene, 46 
Dimethylxylylene alcohol, 371 
Dinapbthoanthracene, 708 
Dinaphthocoronene, 712 
Dinaphthocoronenequinone, 713 
Dinaphthol, 622, 638, 700 
Dinaphtholmethane, 622, 639 
DinaphthoOrthodiazine, 618 
Dinaphthoylpyrene. 711 
Dinaphthyl, 622, 638, 703 
Dinaphthylaoetic acid, 639 
Dinaphthylamine, 616 
Dinaphthyloarbinol, 639, 684 
Dinaphthyloarboxylic acid, 703 
Dinaphthyldicarboxylio acid, 638, 706 
Dinaphthyldihydroxydihydroanthra* 
oene, 713 

Dinaphthyldihydroxydihydroanthra- 
cenedioarboxylio acid, 692 
Dinaphthyleneanthracene, 713 
Dinaphtbylenebutane, 687 
Dinaphthylenecyclobutane, 687 
Dinapbthylenemethane, 683 
Dinaphthyl ether, 622 
Dinaphtbyline, 618 
Dinaphthyl ketone, 639 #. 
Dinaphthylketonecarboxylic acid, 703 
Dinaphthylmetbane, 639, 703 
Dinaphthyl sulphide, 628 
Dinitraniline, 61, 103, 112, 244 ' 
Dinitroacenaphthene, 685 
Dinitroacetophenone, 286 
Dinitroaminoanthraquinone, 660 
Dinitroaminobenzoic acid, 329 
Dinitroaminotoluene, 103, 135 
Dinitroanisole, 68 #., 200 
Dinitroanthracene, 656 
Dinitroanthranilic acid, 327, 329 
Dinitroanthraquinone, 668 , 666 
Dinitroarbutin, 228 
Dinitroazobenzene, 135, 137, 142,145 
Dinitroazoxybenzene, 69 ,136 
Dinitroazoxytoluene, 135 
Dinitrobenzaldehyde, 277, 320, 468 
Dinitrobenianthrone, 698 
Dinitrobenzene, 59 ff„ 61 #., 67, 69, 
72,106,135,200#., 241,612 
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lJinitrobehMneasobeuaM)ne» 137 
Dinitrobenaidiue» 498 
Dinitrobenzil, 568 
Dinitrobenzoic acid, 319 
DiDitrobenzophenone, 517 
Dinitrobenzoylacetoacetic cater, 286 
Dinitrobeozyl anilide, 277 
Dinitrobenzylbenzidine, 497 
Dinitrobenzyl bromide, 277 
Dinitrobenzylidenoanilide, 277 
Dinitrobromobenzene, 148, 431, 496 
Dinitrobutylacetylxylene, 286 
Dinitrobutylcymone, 65 
Dinitrobutylxylylaldehyde, 277 
Dinitrochlorobenzene, 6'^, 496 
Dinitrochlorobenzoic acid, S19t 327 
Dinitrocinnamic acid, 4^7, 4^S<, 479 
Dinitrocymene, 65 

Dinitrodiacetaminodiphenyl, 497, 498 
Dinitrodiaminodiphenyl, 497, 498 
Dinitrodiazoaminobenzene, 129 
Dinitrodibeuzyl, 559 
Dinitrodibenzylacotic acid, 580 
Dinitrodibenzylacetone, 587 
Dinitrodibenzyldisiilphonic arid, 561 
Dinitrodiethylhydroquinone, 228 
Dinitrodimethylaniline, 179 
Dinitrodinaphthyl, 638 
Dinitrodinitrosobeiizene, 67 
Dinitrodiphenic acid, 495, 505, 606 
Dinitrodipheny], 496 ff. 
Dinitrodiphenylamine, 70 ,104 
Dinitrodiphenylbutane, 444 
Dinitrodiphenyldiacetylene, 582 
DinitrodiphenyIdicarboxylic acid, 506 
Dinitrodiphenyl disulphide, 120 
Dinitrodiphenylhydroxylamine, 70 
Dinitrodiphenylmethane, dll 
Dinitrodiphenylphthalide, 545 
Dinitrodurene, 65 
Dinitrodurylic acid, 66 
Dinitroethylbenzene, 65 
Dinitrofluorane, 550 
Dinitrofluorene, 679, 681 
Dinitrofluorenone, 681 
Dinitrofluorescein, 550 
Dinitrofluorescein yellow, 550 
Dinitrohydrocinnamic acid, 330 
Dinitrohydroquinone, 228 
Dinitrohydroxylaminohydroicyiso- 
phthalio acid, 391 
Dinitrohydroxylaminotoluene, 135 
Dinitrohydroxyphthalic acid, S89, 630 
Dinitrohydroxystilbene, 561 
Dinitroiodobenzene, 496 
Dinitroiodoxybenzene, 53 
Dinitroizodurene, 65 
Dinitromesitylene, 66 
Dinitronaphthalene, 616, 617, 630, 632, 
635,637 

Dinitronaphthol, 623 
Dinitronaphtholzulpbonic acid, 623 
Dioitronaphthylamine, 614 


Dinitronitrosobenzoic acid, 277, 
Diuitrodxanilide, 100 
Dinitroperylene, 701 
Dinitrophenanthraquinone, 506, 676 
Dinitrophenetole, 200 
Dinitrophenol, 59,61.199, WO, 223 
Dinitrophenol ether, 200 
Dinitrophenylacetio acid, 820, 330, 556 
Dinitrophenylacetoacetic ester, 4^1, 555 
Dinitrophenyldiazodisulphide, 120 
Dinitrophenyldiazosulphide, 120 
Dinitrophenyl disulphide, 120, 124 
Dinitrophenylenediamine, 106, 110 
Dinitrophenyiethylene, 468 
Dinitrophenylhydrazino, 148 , 244 
Dinitrophenylhydroxylamine, 69 
Dinitrophenylmalonic acid, 424 ^ 555 
Dinitrophenylnitramine, 112 
Dinitrophthalic acid, 615 
Dinitroprehnitol, 65 
DinitropseudobutyIbei i zone, 65 
Dinitropyrogallol, 229 
Dinitropyromellitic acid, 396 
Dinitroresorcinol, 223 
Dinitroresorcinolbenzein, 541 
Dinitroresorcylie acid, 223 
Dinitrosalicylio acid, 362 
Dinitrosalicyloyl chloride, 357 
Dinitrosobenzene, 67, 241 
Dinitrosonaphthalene, 615, 017 
Dinitrosonaphthaqui none, 630 
Dinitrosodrcinol, 225 
Dinitrosophloroglucinol methyl ether, 231 
Dinitrosoresorcinol, 224, 242 
Dini trosotoluene, 67 
Dinitrostilbeno, 661, 568 jf. 
Dinitrostilbene dibromide, 562 
Dinitrostilbene dichloride, 562 
Dinitrostilbenedisulphonic acid, 561 
Dinitrostyrene, 445 
Dinitroterephthalic acid, 392 
Dinitrotetrachlorobenzene, 62 
Dinitrotetraethylbenzidine, 498 
Dinitrotetraline, 642 
Dinitrotetraxnethylbenzone, 65 
Dinitrotetrametl^lbenzidine, 498 
Dinitrotolane, 562 

Dinitrotoluene, 63, 64 , 67, 72, 225, 271, 
277, 319,561 
Dinitrotoluidine, 103 
Dinitrotolylhydroxylamine, 69 
Dinitrotolylmethylnitramine, 112 
Dinitrotriphenylamine, 104 
Dinitroxylene, 64 * 37, 225 
Diorsellinic acid, 225, 368 
Dioxindole, 330, 411 
Dioxindolecarboxylic ester, 436 
Dioxodihydroxytetrahyd ronaphthalene,, 
627 

Dioxybisbiindonylene, 602 
Diparaquinone, 502 
Diperterephthalio acid, 392 
Diphenaoyl, 683, 585 
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Diphenacylacetio acid, 588 
Diphenacylamine, 404 
Diphenaoyl disulphide, 404 
Diphenacyifumario dilactone, 487 
Diphenacylmalonio acid, 588 
Diphenaoyl sulphide, 404 
Diphenacyl sulphone, 404 
Diphenaoyl sulphoxide, 404 
Diphenamic acid, 505, 606, 605 
Diphenanthrylazine, 673 
Diphenetylacetio acid, 555 
Diphenio acid, 332, 384, 606, 671, 675, 
681, 683 

Diphenic anhydride, 506 
Diphenimide, 506 
Diphenol, 188, 601 ff. 

Diphenol disulphide, 222 
Diphenolethane, 553 
Diphenol phthalide, 6^7, 653 
Diphenolpropane, 189 
Diphenol sulphide, 222 
Diphenoltrichloroethane, 561 
Diphenoquinhydrone, 503 
Diphonoquinone, 501, 502, 603, 608 
Diphenoquinone anil, 85 
Diphenoquinonediimine, 497 
Diphenoxyacetic acid, 194 
Diphensuccindan, 691 
Diphensuccindandione, 691 
Diphensucoindene, 691 
Diphenyl, 33, 34, 41, 111, 120, 125,171 ff., 
187, 291, 385, 493 ff., 503 ff., 607 ff., 
524, 667 if., 676, 677 
Diphenylacenaphtheneglyool, 686 
Diphenylacenaphthenone, 686 
Diphenylaceperylene, 702 
Diphenylacetaldehyde, 554,663 
Diphenyiacetamidine, 88, 90 
Diphenylacetic acid, 285, 515, 553 ff., 
555,565, 576^., 579,581 
Diphenylacetoacetio ester, 680, 606 
Diphenylacetone, 664 
Diphenylacetophenonc, 557, 579 
Diphenylacetylacrylic acid, 557 
Diphenylacetylene, 561 
Diphenylacetylmalonio ester, 555 
Diphenyladipic acid, 672, 693 
Diphenylallophanic acid, 93 
Diphenylallylacetic acid, 671 
Diphenylamine, 71,78,84#., 97, 104, 149, 
179, 247, 325, 495, 498,538 
iphenylamine blue, 538 
iphenylaminedicarboxylic acid, 326 
iphenylamine orange, 179, 180 
iphenylamine thiocyanate, 95 
Diphenylaminopyrrole, 405 
Diphenylamylcarbinol, 553 
Diphenylanisylmethyianilide, 532 
Diphenylanthracene, 649 
Diphenylanthracenedicarboxylic acid, 709 
Diphenylanthranilio acid, 85, 326 
Diphenylanthraquinomethane, 651 
Diphenylanthrone, 385 ff., 663, 655 ff. 


Diphenylarsine chloride, 168 
Diphenylarsine cyanide, 168 
Diphenylarsine iodide, 168 
Diphenyiarsonic acid, 168 
Diphenylazodiphenyl, 135 
Diphenylazophenylene, 85, 247 
Diphenylbarbituric acid, 101 
Diphenylbensamide, 301 
Diphenylbenzamidine, 310 
Diphenyibenzene, 33, 125, 504, 607 
Diphenylbenzidine, 85 ,498 
Diphenylbenzoyldihydrofurodiazole, 303 
Diphenylljenzylbenzofulvene, 594 
Diphenylbenzylsultam, 530 
Diphenylbifluorene, 679 
Diphenylbiguanide, 97 
Diphenylbiphenylylcarbinol, 628 ,680 
Diphenylbisazoaminobenzene, 499 
Diphenylbisdiazoaminobenzene, 499 
Diphenylbisdiazonium chloride, 499 
Diphenylbismuth iodide, 169 
Diphenylbiuret, 93 
Diphenylboron bromide, 169 
Diphenylboron chloride, 169 
Diphenylbromomethane, 512, 613, 565, 
574, 575 

Diphenylbromoparaconic acid, 557 
Diphenylbromopropylene, 553 
Diphenylbutadiene, 447, 681 
Diphenylbutadieneacetic acid, 507, 686 
Diphenylbutane, 562, 681 
Diphenylbutanedicarboxylic acid, 585 
Diphenyibutanone, 671, 682 
Diphenylbutatriene, 582 
Diphenylbutenine, 447, 582 
Diphenylbutenone, 667, 671, 682 
Diphenylbutylene, 663, 681 
Diphenylbutyraldehyde, 554 
Diphenylbutyric acid, 557 
Diphenylbutyrolactone, 580 
Diphenylcarbamyl chloride, 92, 158, 196, 
301 

Diphenylcarbazide, 158 
Diphenylcarbazidedicarboxylic acid, 158 
Diphenylcarbazone, 158 
Diphenyloarbinol, 612 
Diphenylcarbinol bromide, 512, 613, 555, 
674,676 

Diphenyicarbinolcarboxylio acid lactone, 
522 

Diphenylcarbinol chloride, 61$, 538, 
674#. 

Diphenylcarbodiazone, 158 
Diphenylcarbodiimide, 90, 93, 99 ff, 
Diphenylcarbohydrazide, 168 
Diphenyl carbonate, 92 
Diphenyloarboxylic acid, 604 
Diphenylohloramine, 149 
Diphenyl chloride, 506 
Diphenylchloroacetic acid. 554, 666, 

657, 576 

Diphenylohloroethylene, 663 ff., 556, 562 
Diphenylohloromethane, 613, 538, 574 ff. 
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Diphenylohloropropylene, 576 
Diphenyloitraoonio acid, 557 
DiphenylcreBoloarbinol, 540 
Diphenyiorotonio lactone, 557, 571 
Diphenylcyanamide, 90 
Diphenyloyolobutane, 270 
Diphenylcyolopentenolone, 587 
Diphenyldecai)entene, 589 
Diphenyldiacetylene, 581, 606 

Diphenyldialdehyde, 503 
Diphenyldiaaomethane, 68 
Diphenyldibromoquinomethane. 540 
Diphenyldicarboxylio acid, 505 ,606 
Diphenyldichlorocrotonic acid, 557 
Diphenyldichloroethane, 553 
Diphenyldichloroethylene, 555, 555 
Diphenyldichloromethane, 515, 616, 557, 
573 ff. See also Benzophenone chloride, 
Diphenyldichlorostannane, 172 
Diphenyldiethylene, 581 
Diphenyldiethylene oxide, 399 
Diphenyldiethylethane, 559 
Diphenyidiethylisothiouroa, 94 
Diphenyldiethyltetrazene, 165 
Diphenyldihydroanthracene, 653, 666 
Diphenyldihydrodihydroxyanthracenc- 
dicarboxylic acid dilactone, 691 
Diphenyldihydrofuran, 584 
Dipbenyidihydropyraaine, 404 
Diphenyldihydrotetrazine, 307 ff., 311 
Diphenyldihydroxydihydroanthracene, 
649, 666 

Diphenyldihydroxydihydrophenanthreiie, 

675 

Diphenyldiiodotetrachloride, 496 
Diphenyldiketohexane, 589 
Diphenyl diketone. See Bemil. 
Diphenyldiketononane, 589 
DiphenyldiketoOotane, 589 
Diphenyldiketopiperazine, 90 
Diphenyldiketopropane, 577 
Diphenyldimercaptan, 501 
Diphenyldimethylethane, 559 
Diphenyldimethyitetrahydrodxazole, 

402 

Diphenyldinitrobntylene, 582 
Diphenyldinitroethane, 660, 564 
Diphonyldinitroethylene, 555, 564 
Diphenyldinitromethane, 516 
Diphenyldiphenyl, 125, 607, 609 
Diphenyldiphthaloylic acid, 667 
Diphenyl diselenide, 181, 5i 7 
Diphenyldiselonidedicarboxylic acid, 334, 
361 

Diphenyl disulphide, B16 
Diphenyl disulphone, 182 
Diphenyldisulphonic acid, 501 ff, 
Diphenyldodecahexene, 589 
Diphenyleneacetaldehyde, 678 
Diphenyleneacetic acid, 682 
Diphenylenedihydrazine, 4^^7, 500 ^ 

Diphenylene dikeione. See AnthraquU 
fwne. 


Diphenylene dioxide, 220 
Diphenyienediphenylethane, 680 
Diphenylenediphenylethylene, 680 ff, 
Diphenylenediphenylsuccinic anhydride, 
680 

Diphenylene diselenide, 222 
Diphenylene disulphide, 222 
Diphenylene disulphoxide, 181 
Diphenyleneglycolic acid, 676, 680, 682 
Diphenyleneimide, 495, 677. See also 
CarbazoU, Volume IV. 
Diphenyleneiodonium iodide, 496 
Diphenyleneketene, 682 
Diphenyleneketooarboxylic acid, 506, 683 
Diphenylene ketone, 681. See also 
Fluorerume, 

Diphenyleneketonedicarboxylic acid, 677, 
683 

Diphenylene ketoxide, 357 
Diphenylenemethane, 677. See also 
Fliufrene. 

Diphenylene oxide, 36, 188, 495, 497, 
501, 677 

DiphenyJenephenylcarbinol, 679 
Diphenylenephenylmethane, 529, 544, 

548, 679 

Diphenylenephenylmethyl, 679 
Diphenylene sulphide, 36, 216, 495, 677 
Diphenylene sultam, 501 
Diphenylethane, 34, 44, 515, 555 ff,, 
668 ff,, 645 

Diphenyl ether, 40, 195 
Diphenyl ether of glyoxime, 100 
Diphenylethylamine, 306 
Diphenylethylcarbinol, 553 
Diphenylethylene, 552, 555, 669 
Diphenylethylenechlorohydrin, 554 
Diphenylethylenediamine, 83, 564 
Diphenylethyleneglycol, 663,663 
Diphenylethyloneglycol nitrite, 553 
Diphenylethylene oxide, 554, 664 #• 
Diphenylfluorene, 680 
Diphenylformalperoxide, 271 
Diphenylformamidine, 88, 89, 350 
Diphenylfulvene, 680 
Diphenyl fumarate, 197, 464 
Diphenylfumaric acid, 572 
Diphenylfuran, 578, 583 
Diphenylfurandicarboxylio acid, 586 
Diphenylfurazane, 566 ff, 
Diphenylfurodiazole, 303 
Diphenylfuroxan, 313, 315 ff., 566 
Diphenylglutario acid, 572 
Diphenylglycerol, 554 
Diphenylglycidio acid, 421 
Diphenylglyoine anhydride, 90 
Diphenylgfycolio acid. See Benzilic add, 
Diphenylglycolic aldehyde, 554 
Diphenylglycolide, 411 
Diphenylglyoxal, 565. See also Bemil, 
Diphenylglyoxime peroxide, 566 
Diphenylglyoxyliohydrazone, 424 
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Diphenylguanidine, 95 ,96 
Diphenylheptane, ^9 
Diphenylhexadiene, 589 
Diphenylhexane, 553 
Diphenylhcxatriene, 580 
Diphenylhexylene, 553 
Diphenylhydantoin, 93 
Diphenylhydrazine, 14St 146 ff.t 148 
Diphenylhydrindene, 576 
Diphenylhydrindono, 598 
Diphenylhydroglyoxaline, 83 
Diphenylbydropyrimidine, 83 
Diphenylhydroxybiazole, 567 
Diphenylhydroxybutadiene, 583 
Diphenylhydroxycrotonolactone, 580 
Diphenylhydroxyethylamine, 664 ff. 
Diphenylhydroxyformamidine, 69, 83, 

90 

Diphenylhydroxyguanidine, 95 ,97 
Diphenylhydroxylamine, 70 
Diphenylhydroxystyrylcarbinol, 578 
Diphonylhydroxytriazine, 309, 665,567 
Diphenylindene, 676, 693 ,595 
Diphenylindole, 565 
Diphenylindone, 558, 573,581, 596 
Diphenyline, 145, 488, 601, 606 
Diphenyliodonium hydroxide, 63 
Diphenyliodonium iodide, 53 
Diphenylisobutanc, 559 
Diphenylisodihydrotetrazine, 156 
Diphenylisothiohydantoio acid, 96 
Diphenylisothiohydantoin, 96 
Diphenylitaconio acid, 667, 596 
Diphenylketazine, 306, 617 
Diphenylketene, 287, 516, 540, 551, 664, 
668, 666, 682, 587 
Diphenylketene phenylimide, 665 
Diphenylketipinic acid, 586 ff, 
Diphenylketobutyrolactone, 428 ,671 
Diphenylketohydrotriazine, 157 
Diphenyl ketone, 280, 616, See also 
Benzophenone, 

Diphenyllactic acid, 696 
Diphenyl lead, 173 
Diphenyllead dichloride, 173 
Diphenyllevulinic acid, 435, 582, 686 
Diphenylmaleio acid, 412, 673, See also 
StUbenedicarhoxylic acid. 

Diphenyl malonate, 197 
Diphenylmalonylurea, 101 
Diphenylmethane, 34, 493, 610, 513, 515, 
565, 574, 645. 678 

Diphenylmethanecarboxylic acid, 521 
Diphenylmethanedicarboxylio acid, 522 
Diphenylmethanedisulphonio acid, 512 
Diphenylmethylamine, 538 
Diphenylmethylbenzaldehyde, 643 ,545 
Diphenylmethylcarbinol, 553 
Diphenylmethylenediphenylpentadiene, 
587 

Diphenylmethylenefluorene, 680 
Diphenylmethylenequinone, 340 


DiphenylmethyldneQuinonephenylimine, 

532 

Diphenylmethylfluorene, 680 
Diphenylmethylisothiourea, 95 
Diphenylmethylolid, 606 
Diphenylmethylpsrrazoline, 460 
Diphenylmethylquinolcarboxylio lactose, 
558 

Diphenylmethylquinomethane, 540 
Diphenylmethylsulphonium chloride, 216 
Diphenylmethyltetraphenylmethane, 552 
Diphenylmethylthiourea, 95 
Diphenylmethyl-s-triazine, 310 
Diphenylnitrobutadiene, 582 ff, 
Diphenylnitrophenol, 507 
Diphenylnitrosamine, 105, 111, 127, 

166/. 

Diphenylnitrosophenol, 507 
Diphenyloctanedione, 460, 673 
Diphenyloctatetraene, 589 
Diphenyl oxalate, 197 
Diphenyloxaldiacetic acid, 586 
Diphenyloxazole, 411 
Diphenyl oxide, 195 
Diphenylparabanio acid, 101 
Diphenylpcntane, 652, 687 
Diphenylpentanol, 587 
Diphenylpentenic acid, 684 
Diphenylphenanthrene, 674, 672 
Diphenylphenanthrone, 675 
Diphenylphenol, 607, 586 
Diphenylphenylenediamine, 247 
Diphenylphenylenediaminedicarboxylio 
acid, 326 

Diphenylphenylnitrone, 68 
Diphenyl phosphate, 196 
Diphenylphoaphine, 167 
Diphenylphosphine chloride, 167 
Diphenylphosphinic acid, 167 
Diphenylphosphorus chloride, 195 
Diphenylphthalane, 624 
Diphenylphthalide, 522, 524, 543, 644, 
653 

Diphenylpiperazine, 83 
Diphenylpolyenes, 589 
Diphenylpropane, 39, 552, 663, 669, 676 
Diphenylpropene, 663 ,676 ff,, 689 
Diphenylpropionaldehyde, 554 
Diphenylpropionio acid, 666, 667, 670, 
598 

Diphenylpropiophenone, 579 
Diphenylpropyl alcohol, 576 
Diphenylpropylcarbinol, 553 
Diphenylpropylene, 563, 676 ff., 689 
Diphenylpropylene glycol, 564 ff. 
Diphenylpseudourio acid, 101 
Diphenylpjnrazine, 407,444 
Diphenylpsrrazole, 484 
Diphenylpyrazoline, 460 
Diphenylpyrazolone, 430, 479 
Diphenylpsrridasine, 583 
Diphenylpyridazinedicarboxylio acid, 586 
Diphenylpyiidine, 588 
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Diphenylpyrrole, 583 
Diphenylpynivic acid, 667 
Diphonylquinomethane, 531 6S9^ 555, 

558 

Dipbenyiselenadiazole, 309 
Diphenyl selenide, 183^., 217 
Diphenyl selenone, 183 
Diphenylselenonium dichloride, 217 
Diphenyl selenoxide, 182, 183, 217 
Diphenylsemicarbazide, 138, 158 if. 
Diphenylsilicol, 170 
Diphenylsilicone, 170 
Diphenylstannane oxide, 172 
Diphenylstibine acetate, 169 
Diphenylstibine bromide, 169 
Diphenylstibine chloride, 169 
Diphenylstibine cyanide, 169 
Diphenylstibine iodide, 169 
Diphenylstyrylcarbinol, 578 
Diphenyl succinate, 197 
Diphenylsuccinic acid, 412, 572, 691 
Diphenyl sulphide, 183 ff,, 216. 

Diphenyl sulphide dicarboxylic acid, 361 
Diphenyl sulphite, 195 
DiphenyJsulphocarbazone, 138, 160 
Diphenylsulphocarbodiazone, 138, 160 
Diphenyl sulphone, 183 
DiphenylsulphonecarboiQ^lio acid, 333, 
334 

Diphenylsulphonephthalide, 385 
Diphenylsulphonic acid, 600, 504 
Diphenyl sulphoxide, 182, 216 
Diphenyltelluride, 217 
Diphenyltelluronium dichloridc, 217 
Diphenyltelluronium hydroxychloride, 

217 

Diphenyltetracarboxylic acid, 507 
Diphenyltetradecaheptene, 589 
Diphenyl tetraketone, 584 
Diphenyltetrazine, 311 
Diphenyltetrazole, 307,312,616 
DiphenyJtetrazolium hydroxide, 164 
Diphenylthallium bromide, -chloride, 172 
Diphenylthiadiazole, 307, 308 
Diphenylthiocarbazide, 159,160 
Diphenyl thiocarbazone, 160 
Diphenylthiocarbodiazone, 160 
Diphenyl thiocarbonate, 196 
Diphenylthiohydantoin, 96 
Diphenylthioketene, 555 
Diphenylthiophene, 583 
Diphenylthiosemicarbazide, 159#. 
Diphenyl thiourea, 92, 94 ff„ 98 #., 305 
Diphenyl tin. 172 
Diphenyltolylacetic acid, 558 
Diphenyltolylcarbinol, 645 
Diphenyltolylmethane, 626, 527, 536, 546 
Diphenyltriazole, 300, 307, 311, 316 
Diphenyltriazole mercaptan, 96 
Diphenyltrichloroe thane, 553 
Diphenyltricyciodctane, 448 
Diphenyl triketone, 679 ,684 
Diphenyltrimethylenediamine, 83 


Diphonyluramil, 101 
Diphenylurazine, 167 
Diphenyluroa, 02, 97#., 99, 128, 313, 316 
Diphenylurea chloride, 92, 158, 196, 301. 

See also Diphenylcarhamyl chloride. 
Diphenyluric acid, 101 
Diphenylvaleric acid, 570 
Diphenylvinylbenzoic acid, 674, 596 
Diphenylvinyl ethyl ether, 663, 562 
Diphonylvinyl nitrite, 553 
Diphenylvioluric acid, 101 
Diphoiiylxvlyimethane, 526 
Diphenylylacetio acid, 504 
Diphenylyldiphenyl, 125. 607. 609 
Diphenylyldiphenylyl])enzene, 125. 607 
DiphenylylKlynxylic acid, 503 
DiphenylylmaKnesium halide, 55 f 
Diphthahde ether, 380 
Diphthalonic acid, 396, 44i 
DiphthaloyIan thraquinono, 708 
Diphthaloylperylene, 701 
DiphthaloylphenyJenediamine, 108 #. 
Diphthalyl, 385, 670 
Diphthalyldisulphidc, 386 
Diphthalylic acid, 522, 670, 694 
Dipicrio acid, 501 
Dipicrylamine, 104 
Diplosal, 358, 362 
Dipropenylbenzene, 448 
Dipropoxyquiiione. 239 
Dipropylbenzene. 4S 
Dipropylphthalide, 378 
Diprotocatechuic acid, 366 
Dipteryx odo^rala, 474 
I^iquirioyl, 67 
Diquinoyl dioxime, 223 
Diquinoyl tetroxime, 110, 242 
Diquinoyl trioxime, 242 
Diresorcinol, 502 
Disalicoyl imidc, 369 
Disalicylic acid, 369, 607 
Disalicylic phthalide, 551 
Disalicylide, 369 
Diselenosalicylic acid, 361 
Distil bene, 660 
Distillation of wood, 184 
Disulphobenzoic acid, 334, 367 
€-Disulphonio acid, 625 
5-Disulphonic acid, 625 
Disulphophthalic anhydride, 389 
Di-tert. amylhydroquinono, 227 
Di-tert. amylresorcinol, 224 
Dithioanthraquinone, 667 
Dithiobenzoic acid, 299, 314 
Dithiobenzoylacetone, 409 
Dithiocatechol, 222 
Dithiocoumarin, 475 
Dithiodiphenyl phthalide, 644 
Dithioethylstilbene, 668 
Dithiohydroquinone, 228 
Dithiomaionanilide, 101 
DithioOxanilide, 100 
Dithiopbenylacetio acid, 299 
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Dithiophenylhydroquinone, 237 
Dithiophenylphthalide, 385 
Dithiophenylquinone, 237 
Dithiophth^ide, 377 
Dithioresoroinol, 224 
Dithiosaiicylic acid» 361 
Dithiosalioylide, 360 
Dithiotoluidino, 217 
Dithizone, 160 

Ditoluenesulphhydroxamio acid. 176 
Ditoluylbenzene, 524 
Ditolyl, 494 , 607, 511, 668 
Ditolylacetic acid. 555 ff, 

Ditolylamine, 80 , 140 
Ditolylcldoroethylene, 661 
Ditolyl disulphone, 182 
Ditolylethano, 648 
Ditolylhydraaine, 145, 165 
DitolyJhydroxvIamine, 70, 140 
Ditolyline, 499 
Ditolyl ketones 61b\ 646 
Ditolylmercury, 171 ff. 

Ditolylmethane, 611, 648 
Ditolylphthaiide, 545 
Ditolylurea chloride, 92, 100 
Ditriphenylmethylhydrazine, 630 
Diureide, 667 
Divarin, 225 
Divi^ivi, 370 
Divinyl benzene, 373, 44'^ 
Dixylyldihydroxydihydroanthracenedi- 
carboxylio acid lactone, 712 
Dixylylene dibromide, 372 
Dixylylene disulphide, 372 
Dixylylene disulphone, 372 
Dixylyl ketone, 624 
Dodecahydrochrysene, 694 
Dodecahydrophenanthrene, 675 
Dodecahydrorotene, 677 
Dodecahydrotriphcnylene, 700 
Dodecine, 221 

Double bond, heat of reduction, 21 
Dragon's blood, 230 

Durene, 37 ff., 40,42, 46 , 66, 237,256, 293, 
392, 396 

Durenecarboxylic acid, 293 
Duridine, 79 
Duroquinone, 26, 238, 

Durylamine, 267 
Durylic acid, 46, 29S, 396 
Durylio quinone, 368 
Dyes, vat, 658, 659, 698, 709, 711. See 
also under specific compound and under 
dye name. 

Dypnone, 283, 469, 678 

E 

Edinol, 337 
Eikonogen, 626 
Elemicin, 371, 4^4 
Ellagio acid, 370, 606 
Emeraldine, 76, 107, 246 


Emodin, 648, 664, 666 
Emodin anthranol methyl ether, 664 
Emodin methyl ether, 664 
Emulsin, 269, 335 
Eosin, 660 
Eosin scarlet, 660 
Ephedra vulgaris, 257, 401, 402 
Ephedrine, 401 ff,, 408 
Epinephrine, 402 
Epinine, 338 
Ergot, 337 
Ergotoxin, 337 
Eriodictyol, 678 
Eriodictyon califomicum, 678 
Erythrin, 225, 368 
Erythrohydroxyanfhraquinone, 662 
Ersrthrosin, 650 
Estragol, 347, 364, 448, 460 
Estragol dibromide, 456 
fitard reaction, 264 
Ethancdibenzoyldicarboxylic acid, 686 
Ethenecatechol, 220 
Ethenylbenzenylazoxime, 316 
Ethcnylbenzenylhydrazoxime, 313 
Ethenylphenylhydrazidine, 161 
Ethinediphthalyl, 687 ff., ^0, 695 
Ethoxybenzaldoxime, 346 
Ethoxybenzidine, 602 
Ethoxybenzothiazole, 94 
Ethoxycinnamic acid, 430, 456, 464 
Ethoxycoumarin, 485 
Ethoxyhydroxymethylbenzene, 221 
Ethozymethyleneaniline, 88 , 266 
Ethoxyphenyl mustard oil, 94 
Ethozyphthalide, 380 
Ethylacetanilide, 89 
Ethylallocinnamic acid, 469 
Ethylaminocinnamic acid, 468 
Ethylaminomethylbenzoic acid, 329 
Ethylaniline, 81 
Ethylanisole, 194 
Ethylanthranol ethyl ether, 651 
Ethylbenzene, 36, 42ff„ 44. 269, 280, 283, 
569 

Ethylbenzene sulphone, 266 
Ethylbenzoio acid, 46, 292, 378 
Ethylbenzoin, 665 
Ethylbenzoquinone, 238 
Ethylbenzoylacetio ester, 431 
Ethylbcnzylaniline, 258 
Ethylbourbonal, 349 
Ethylcatechol, 221 
Ethylcinnamic acid, 469 
Ethyl ooumarin, 490 
Ethylcyclohexanone, 283 
Ethyl dichloroOxanilate, 100 
Ethyldimethylacetophcnone, 284 
Ethyldimethylpyruvio acid, 29 
Ethyldiphenyl, 494 
Ethyldiphenylisourea, 93 
Ethyldiphenylmethylpotassium, 170 
Ethylenebenzenylamidine, 301 
Ethylenebisindandione, 601 
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Ethyleneoarbanilide, 93 
KthylenedibenBamide* 301 
Ethylenedioxybenzoio acid, 367 
Ethylenediphenyldiamine, 83 
Ethylenediphenyl disulphone, 183 
Ethylenediphthalimide, 387 
EthylencDaphthaleDe, 685 
Ethylenephenylhydrazine, 150 
Ethylenephenylurea, 93 
Ethylfluorene, 682 
Ethylfluoreneoxalio ester, 682 
Ethylfluorenol, 680 
Ethylguaiacol, 221 
Ethylhydrobenioin, 554 
Ethylideneaniline, 91 
Ethylidenebisfluorene, 678 
Ethylidenedianiline, 84 
Ethylidenedibenzamide, 301 
Ethylidenephthalide, 600 
Ethylidenepropionic acid, 30 
EthyliDdene, 593 
Ethylindone, 595 
Ethylisindazoleaoetic acid, 468 
Ethylisoformanilide, 88. See also Ethoxy^ 
rnethyleneaniliiie, 

Ethylisophthalio acid, 391 
Ethylisothioacetanilide, 89 
Ethyllactolide, 345 
Ethylmesitylene, 48 
Etbylmethoxyhydroxybenzene, 221 
Etbyimethyll^nzene, 42, 44t 4^ 
Ethylmethylhydroxybenzoic acid, 364 
Ethyl methyl ketone, 38 
Ethylnaphthalene, 612 
Ethylnitroanthracene, 650 
Ethyl orthobenzoate, 317 
Ethylphenol, 189 

Ethylphenylcarbinol, 252, gSS, 559 
Ethylphenyldithiourethane, 94 
Ethylphenylethyl alcohol, 446 
Ethylphenylglycidic acid, 421 
Ethylphenylhydrazine, 129 ,161 
Ethylphenyliosurea, 93 
Ethylphenylmethylisourea, 93 
Ethyl phenyl oxalate, 197 
Ethylphenylurea, 92 
Ethylphthalide, 378 
Ethylpiperic acid, 481 
Ethylpropyldibenzylsilicomonosulfonio 
add, 170 

Ethylpseudocumene, 48 
Ethylpyrogallol, 230 
Ethylstilbene, 560 
Ethylstyrene, 46, 446 
Ethyl thiocarbanilate, 94 
Ethyltoluene, 37, 46 
Ethyltoluidine, 329 
Ethyltriphenylisourea, 93 
Ethylvanillin, 349 
Eucalyptus oil, 47 
EucodyptuB spedes, 47, 189, 218 
Euehronio acid, 397 
Eudaline, 613 


Eugenia caryophyllaiat 452 
Eugenol, 219, 221, 348, 349, 365, 399, 
448.4^J0,453,471 

Eugenol methyl ether, 349, 367, 46^ 
EupaloHum Ayapana^ 227 
Eupittonio acid, 543 
Eurhodine dyes. 109, 141 
Euthiochronic acid, 228, 233, $40 
Evemia species, 225, 368 
Evemio add, 368 
Eveminic acid, 368 
Exalgin, 89 

F 

F-acid, 620, 625 

Fagaramide, 477 

Fagara xaiUhoxyloidea, 477, 483 

Faham leaves, 473 

Fast yellow, 142, 179 

Fast yellow G, 624 

Fenchone, 27, 46, 285 

Fennel oil, 346, 353, 450 

Feruiic acid, 451, 4^0 

Ferulic aldehyde, 459 

Fichtelite, 677 

Filixic acid, 231 

Filixinic acid, 231 

Filix species, 230 

Fir resin, 48 

Fischer-Hepp rearrangement, 104 
Fisetin, 365, 406, 578 
Fisetol, 406 

Flttig reaction, 38, 42, 54 
Flavaniline, 88 
Flavanthrene, 668, 710 
Flaveanic acid, 161 
Flavophenino, 500 
FJavopurpurin, 661, 666 
Flosal, 458 
Fluoracene, 602 
Fluorane, 544, 546, 547 ff. 

Fluoranthene, 34, 668, 682, 689 
Fluoranthenecarboxylic acid, 690 
Fluoranthenequinone, 689 
Fluorene, 34, 36, 370, 494, 495, 511, 
590, 676, 678, 680, 691, 706 
Fluorene alcohol, 676,679 ,680 
Fluorenecarboxylio acid. See Diphenyl- 
eneacetie add. 

Fluoreneohlorocarboxylic acid, 682 
Fluorenedisulphonio add, 679 
Fluorene ether, 680 
Fluorenehydroxyacetic acid, 682 
Fluorene ketone. See Fluorenone, 
Fluoreneoxalic ester, 678 ,682 
Fluorenesulphonic acid, 679 
Fluorenol, 679, 680 

Fluorenone, 495, 518,519, 677 ff., 681 ,691 
Fluorenonecarboxyiio acid, 506, 682, 68S, 
689 

Fluorenonedicarboxylio acid, 683 
Fluorenone diohloride, 681 
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Fluorenone oxime, 678 
Fluorenylhydrasine, 679 
Fluorenylmethylmethane, 680 
Fluorenylpropionic acid, 689 
Fluorescein, 222, 644, 6JtB 
Fluorescein anilide, 549 
Fluoresceincarboxylio acid methyl ester, 
549 

Fluorescein chloride, 54^, 651 
Fluoresceindimethyl ether ester, 549 
Fluorescein dyes, 541, 648 
Fluoresceinlactone methyl ether, 549 
Fluoresceinphenylhydrazine, 549 
Fluorescin, 544 
Fluorindine, 247 
Fluoroaniline, 148 
Fluorobenzaldehydo, 275 
Fluorobenzene, 4^, 130 
Fluorobenzoic acid, S18, 319, 331 
Fluorocinnamic acid, 466 
Fluorocyclene, 687 
Fluorodichlorobenzcne, 55 
Fluorodiphenyl, 496 
Fluoronaphthalene, 614 
Fluorone, 231 
Fluoronitrobenzene, 62 
Fluoronitrobenzoio acid, 319 
Fluoronitrotoluene, 65, 319 
Fluorophenylhydrazine, 148 
Fluorotoluenc, 54, 66 
Fluorylbutyric acid, 683 
Follicular hormone, 671, 690 
Follicular hormone dicarlx>xylic acid, 
672, 673 

Formaldehydeaniline, 81, 84 
Formaldehydedianthranilic acid, 326 
Formalide, 326 
Formanilide, 88, 90, 305 
Formazylacrylic acid, 164 
Formazylazobenzene, 164 
Formazylbenzcne, 312 
Formazylbenzenesulphonic acid, 163 
Formazylcarboxylic acid, 164 
Formazylglyoxylic acid, 164 
Formazyl hydride, 161, 16S 
Formazylmethane, 164 
Formazyl methyl ketone, 162, t6U 
Formazyl phenyl ketone, 423 
Formylacetanilide, 89 
Formylaoetic ester, 26 
Formylaoetone, 26 
Formylacetophenone, 26, 405 
Formylaminodimethylaniline, 107 
Formylaminonaphthol, 623 
Formylanthranilic acid, 322 
Formylbenzamide, 300 
Formyldesoxybenzoin, 563 
Formylethylanthranilic acid, 325 
Formylfluorene, 678 
Formylhippuric acid, 302 
Formylisatin, 426 
Formylmethylaniline, 265 
Formylmethylanthranilic acid, 325 


Formylphenylacetic ester, 42^, J^2, 436, 
484 

Formylphenylglycine, 91 
Formylphenylhydrazide, 155 
Formylphenylhydroxylamine, 69 
Formylphthalide, 486 
Formylpropionic acid, 26 
Franovla emodin, 665 
Fraxetin, 478 
Fraxin, 478 

Free radicals, 243. See Volume IV. 

French purple, 225 

Friedel-Crafts reaction, 38, 351 

Fries rearrangement, 196, 351 

Fuchsin, 77, 634 

Fuchsin S, 536 

Fuchsin sulphurous acid, 534 

Fuchsone. See Diphenylquinonemethane. 

Fuchsone anil, 532 

Fuchsoneimine, 532 

Fuchsoneimonium chloride, 531 

Fumaranilic acid, 101 

Fumaric dianilide, 101 

Furan, 668 

Furfural, 74 

Furfuralacetophenone, 434 

G 

G acid, 625 

Galbanum, 222, 223, 477 
Gallacetophenone trimethyl ether, 230, 
55;^, 431 

Gallaldehyde, 350 

Gallaldehyde trimethyl ether, 338, 360^ 
454 

Gallanol,371 
Gallein, 550 

Gallic acid, 30, 229, 370, 371, 506, 521, 
665 

Galloacetophenone, 229, 363 
Gallobromol, 371 
Gallocarboxylic acid, 393 
Gallochloroacetophenone, 404 
Gallodiacetophenone, 375 
Galloflavin, 370 
Galloylgallic acid, 371 
Gambop, 230,393 
Garancine, 662 
Gas tar, 34 
Gas warfare, 168 

Gattermann synthesis, 265, 343, 346, 634 

Gaultheria procumhens, 355, 356 

Gelseminic acid, 478 

Gelsemium sempervirens, 478 

Gentisic acid, 367, 540 

Gentisic aldehyde, 360, 367 

Gentisin, 367 

Oeoffroya aurtnamensis, 417 
Geranial, 25 
Germanin, 620 
Ginger root, 353, 461 
Gluoo-. See also Olyeo^, 
Glucobenzaldehyde, 346 
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OluoovanilUn, 348 
Glue, 414 ' 

Qlutaoonio ester, 26 
Giutaric acid, 32 
Glycerol diphenyl ether, 194 
Glycerol monophenyl ether, 194 
Glyooooumaraldehyde, 467, 1^59 
Glycoooumaryl alcohol, 457 
Glycol diphenyl ether, 194 
Glycol monophenyl ether, 194 
Glyoomethylooumarketone, 461 
Glycosyringaldehyde, 350 
Glyoxal, 28, 34 
Glyoxaline, 108 
Glyoxalocateohol, 219 
Qlyoxalodioatechol, 219 
Glyoxal osotetrazone. 154 
Glyoxime diphenyl ether, 67, 69, 100 
Glyoxylic acid, reaction, 302 
Glyoxylic acid phenylhydrazone, 153,156, 
164 

Croa powder, 664 
Gorgonia Carolinii, 417 
Graphite, 26,397 
GrSncU soluble^ 201 

Guaiacol, 210, 221, 350, 352, 375, 627 
Guaiacol ally! ether, 452 
Guaiacolcarboxylic acid, 452 
Guaiacolsulphonic acid, 219 
Guaiac resin, 219, 221, 612 
Guaiene, 612 
Guanazyll>enzene, 312 
Gum l^enzoin, 291, 366, 464 
Gymnadenia edbuia, 347 
Gyrophora esculerUa, 368 
Gyrophoric acid, 368 

H 

Hair, 415 
Halochroism, 286 
Heavy oil, 35, 36 
Helian thine, 107 ,170 
Helianthrone, 709 
Helicin, 345, 412, 459. 461 
Heliotropin. See Piperonal. 
Helminthosporin, 665 
Hematoxylin. 229 
Hemellitic acid, 292 
Hemimellibenzyl alcohol, 250, 252 
Hemimeilibenzylamine, 257 
Hemimellitene, 36, 37, 42, 4b 
Hemimellitic acid, 306^ 524 
Hemimellitol, 189 
Hemipinic acid, 366, 378, 381, S80 
Hemipinimide, 379, 381, 382, 389 
Hemlock oil, 270 
Hemp, Canadian, 352 
Indian, 418 
Henna leaves, 630 
Heptabromoethylphenol, 339 
Heptabromoisopropylidenequinone, 340 
Heptabromoisopropylphenol, 339 
Heptaohloroanthraquinone, 658 


Heptachlororesoroinol, 31, 222 
Heptacyolene, 687 
Heptinylphenylcarbinol, 457 
Heptylbenzene, 48 
Herntaria hirsuta, 477 
Herniarin, 477 
Hesperidin, 230, 577 
Hesperitin, 476, 677 
Hesperitinic acid, 349, 476* 

Hesperitol, 451 
Heterocoerdianthrene, 708 
Hexabenzobenzeiie, 712 
HexaV)romobenzene, 25, 61, 509 
Hexabromoethylidenequinone, 340 
Hexabromoethylphenol, 339 
Hexabromoisopropylidenequinone, 340 
Hexahromotnnitroisovaleric acid, 223 
Hoxachlorobenzene, 25, 50, 51, 238, 611 
Hexachlorocyclohexane, 230 
Hexachlorocyolohexanetrione, 32 
Hexachlorocyclohexenedione, 30, 31, 219, 
238, 596 

Hexachlorocyclopentenone, 30 
Hexachlorodiketocyclohexene, 219 
Hexachlorodikototetrahydrobenzene, 367 
Hexachlorohydroxycyclopentenecar- 
boxylic acid, 30, 596 
Hexachloroperylene, 701 
Hexachlororesorcinol, 596 
Hexadecahydrochrysonc, 694 
Hexadecahydrotriphenylene, 700 
Hexaethylbenzene, 40,42,48 
Hexagon formula, 9 
Hoxahydroanthranilic acid, 322 
Hexahydrobenzaniiide, 517 
Hexahydrobenzoic acid, 291, 322 
Hexahydrobenzonaphthylpropionic acid, 
700 

Hexahydrobenzophenono, 516, 517 
Hexahydrobenzoyl chloride, 515 
Hexahydrodiketonaphthacene, 696 
Hexahydrodiphenyl, 494 
Hexahydroephedrine, 402 
Hexahydrofiuorene, 37, 678 
Hexahydromellitic acid, 396, 397 
Hexahydronaphthodianthrene, 710 
Hexahydroporylene, 701 
Hexahydrophenanthrene, 675 
Hexahydrophenol, 187 
Hexahydrophenylalanine, 416 
Hoxahydrophenylbutanol, 460 
Hexahydropseudoephedrine, 402 
Hexahydropyrene, 705 
Hexahydropyrenoylpropionic acid, 705 
Hexahydrotyrosine, 416 
Hexahydroxyanthraquinone, 666 
Hexahydroxybenzene, 25, 233, 240 jf. 
Hexmhydroxydiphenyl, 229, 232, 602 
Hexahydroxydiphenyldioarboxylio acid, 
506 

HeXaiodobenzene, 52 
Hexaketocyclohexane, 240 
Hexamethoxyaurine, 543 
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Hexamethoxybeiizil, 568 
Hexamethoxypararosaniline, 543 
Hex amethoxytriphenylcarbinol, 543 
Hexamcthylbenzene, 25, 36, 40, 42, 46, 
48, 237,397 

Hexamethyldiaminodiphenyl, 495 
Hexamethyldiphenyl, 494 
Hexamethylleuoaniline, 82, 279 
Hexamothylpararosanilinc, 519, S36 
Hexamethylpararoaanilinechloridpchloro^ 
methylate, 637 

Hexamethylphloroj^lucinol, 231 
Hexamethyltriaminotriphenylcarbinf)!, 
537 

Hexamethyltriaminotriphc^nylmothane. 

536 

HexamethyItri ketocyclohexane, 231 
Hexamethyl violet, 537 
Hexaminobenzenc, 110 
Hexane, 36 

Hexanitroazobenzcne, 138 
Hcxanitrodihydroxydiphenyl, 501 
Hexanitrodiphcnyl, 496 
Hexanitrodiphenylamine, 104 
Hexanitrohydrazobenzene, 145 
Hexanitrotriphenylmethane, 526 
Hexaphenylbenzene, 510 
Hexaphenyletbane, 529, 552, S7S, 679 
Hexaphenylgermanoethano. 172 
Hexaphenylmelamine, 100 
Hexaphenylpararosaniline, 538 
Hexaphenylrosaniline, 86 
Hexaphenyltetrazane, 168 
Hexene, 36 
Hexenol, 293 
Hexhnylbenzene, 448 
Hexylbenzene, 48 
Hexyl iodide, 25 
Hexyl phenyl ketone, 284 
High temperature tar, 35 
Hindrance, sterio, 499 
Hippenylurethane, 304 
Hippurazide, 302, S 04 
Hippurio acid, 267, 291, 296, 301, 368, 
371, 416, 467 
Hippuroflavin, 301 
Hippurylhydrazine, 302 
Hippurylphei'ylbuzylene, 165,302 
Hofmann method, 73 
Hofmann rearrangement, 132, 258, 313 
Hofmann violet, 537 
Homoanisaldehyde, 347 
Homoanisic acid, 364 
Homocaffeic acid, 477 
Homocatechol, 881, 227 
Homocurcumone, 285 
Homoeriodiotyol, 578 
Homoeugenol, 452 
Homoferulio acid, 463, 477 
Homogallaldehyde trimethyl ether, 338, 
454 

Homogentisic acid, 369 
Homohydroxybenialdehyde, 346 


Homoisophthalic acid, 394 
Homophthalamidic acid, 598 
Homophthalic acid, 383, 393, 439, 440, 
492, 570 

Homophthalic anhydride, 393, 483, 569 
Homophthalimide, 394 
Homophthalonitrile, 394 
Homopiperona), 349, 4^3 
Homopiperonyl alcohol, 338 
llomopiperonylamine, 338 
Homopiperonylic acid, 366, 368, 453 
Homoprotocatechuic acid, 368 ff. 
Homopyrocatechocarbonate. 349 
Homosalicylaldehyde, 346 
Homosalicylic acid, 363, 391 
Homosalicylide chloroform, 363 
Homosaligenin, 336 
Homoterephthalic acid, 394 
Homo vanillic acid, 368 
Homovanillin, 349 
Homoveratraldehyde, 349 
Homoveratric acid, 368 
Homoveratrole, 821, 382 
Homoveratrylamine, 338, 374 
Honeystone. 397 
Hordenine, 335, 336, 337 
Horse-radish oil, 259 
Houben method, 38 
Humic acid, 390, 391 
Hydrastic acid, 390 
Hydrastinine, 390 
Hydrate de phinyle, 188 
Hydratropic acid, 293, 895, 413, 470 
Hydratropic aldehyde, 870, 398, 399, 
403 

Hydratropic nitrile, 306 
Hydratropyl alcohol, 446 
Hydrazibenzil, 565 
Hydrazinobenzoic acid, 331 
Hydrazinocinnamic acid, 469 
Hydrazinophenylacetic acid, 413 
Hydrazinosalicylic acid, 362 
Hydrazobenzene, 59, 106, 121, 136, 149, 
497, 618 

Hydrazobenzenedisulphonic acid, 180 
Hydrazobenzenesulphonio acid, 501 
Hydrazobenzoic acid, 331 ,605 
Hydrazobenzyl alcohol, 261 
Hydrazodicarboxylio anilide, 94 
Hydrazodiphenyl, 500 
Hydrazonaphthalene, 618 
Hydrazotetraline, 642 
Hydrazotoluene, 106, 144, 145, 499 
Hydrazoxylene, 145 
Hydrindamine, 591, 597 
Hydrindanthracene, 689 
Hydrindanthraquinone, 689 
Hydrindantin, 600 

Hydrindene, 590, 594, 696, 597, 689, 
690, 692 

Hydrindeneoarboxylio acid, 440, 591, 696 
Hydrindenedicarboxylic acid, 597 
Hydrindene ethyl ketone, 597 
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Hydrindeaeglyool, 696 ,509 
Hydrindene methyl ketone, 507 
Hydrtndene phenyl ketone, 507 
Hydrindenesulphonic acid, 507 
Hydrindone, 360, 393 ff., 460, 503, 697 ff., 
683 

Hydrindoneazine, 597 
Hydrindoneoxalio acid, 500 
Hydrindone oxime, 330, 505, 697, 699 
Hydrindoylbenzoio acid, 689 
Hydroaoridine, 36 
Hydrobenzamide, 272 
Hydrobenzoin, 267, 398, 663 ff. 
Hydrocaffeic acid, 369, 476 
Hydrooarbostyril, 330, 597 
Hydrocarbostyrilacetic acid, 436 
Hydrooarbostyrilcarboxylic acid, 330 
Hydrochalkoi, 577 
Hydrochalkone, 577 
Hydrochloranilic acid, 232 
Hydrocinnamaldehyde, 970, 458 
Hydrocinnamalmalonic acid, 435, 4S9 
Hydrocinnamic acid, 285, 287 ff., 293, 
994, 320, 365, 438, 446, 464, 469, 
470, 572, 580, 582, 592, 597 
Hydrocinnamic azide, 304 
Hydrocinnamic carboxylic acid, 394, 

592, 595, 597, 609 ff., 643 
Hydrocinnamic hydrazide, 303 
Hydrocinnamic nitrile, 306 
Hydrocinnamide, 458 
Hydrocinnamoin, 589 
Hydrocinnamyl alcohol, 250, 252 
Hydrocoerulignon, 502 
Hydrocornicularic acid, 435,582 ,686 
Hydrocotoin, 521 

Hydrocoumaric acid, 366, 369, 416, 473 
Hydrocoumarilic acid, 4^6 ,473 
Hydrocoumarin, 366 
Hydrocoumarone, 336 
Hydrooyanopararosaniline, 557 
Hydrocyanorosaniline, 558 
Hydrodicoumarin, 474 
Hydrodiphthalyl, 385 
Hydrodiphthalyliactonic acid, 393, 670 
Hydroeuthiochronic acid, 233 
Hydroferrisalicylochloric acid, 356 
Hydroferulic acid, 369 
Hydroduoranic acid, 644* 079 

Hydrogen atoms, equivalence, 2, 6 
Hydrogen peroxide, preparation, 144 
Hydrogen phthalio ester, 384 
Hydroisofenilic acid, 360 
Hydrojuglone, 697, 630 
Hydromellitic acid, 305, 396 
Hydronaphthalene, 36 
Hydrophlorone, 227 
Hydrophthalide, 373, 376 
Hydropicene, 703 
Hydropiperic acid, 269ff., 477, 481 
Hydropiperinic acid, 360 ,477 
Hydroprehnitic acid, 390, 396 
Hydropyromellitic acid, 306 


Hydroquinone, 20, 31, 34, 106, 184, 180 
218, 226 ff., 235, 236#., 239#., 244 #., 
344, 350, 367, 392, 477, 540, 558, 627 
664 

Hydroquinonebenzeine, 641, 550 
Hydroquinonecarboxylio acid, 367 
Hydroquinone disulphide, 232 
Hydroquinoneglyoxylic acid, 412 
Hydroquinonelactic acid, 415 
Hydroquinone mercaptan, 232 
Hydroquinone phenyl phthalide, 545 
Hydroquinonephthalein, 550 
Hydroquinonepropionic acid, 369 
Hydroquinonesuccinein, 548 
Hydroquinonesulphonic acid, 239 
Hydroquinone tetracar boxy lie acid, 396 
Hydroquinone thiosulphuric acid, 232 
Hydrotoluin, 44 
Hydroumbellic acid, 369 
Hydrourushiol, 221 
Hydrovanilloin, 348 
Hydroximidopropiophenone, 408 
Hydroxyacetaminophenylarsonic acid, 
168 

Hydroxyacetonaphthalene, 634 
Hydroxyacetophenone, 369, 434, 451 
577 

Hydroxyacetylcoumarin, 491. See also 
Aeetylhydroxycoumarin. 
Hydroxyaldehydobenzyl alcohol, 373 
Hydroxyaminoanthracene, 667 
Hydroxyaminobenzoic acid, 362 
Hydroxyaminodimethylbenzene, 234 
Hydroxyanilinonaphthoquinone, 630 
Hydroxyanthracene, 650, 661 
Hydroxyanthradiquinone, 667 
Hydroxyanthranilic acid, 320 
Hydroxyanthranol, 653 
Hydroxyanthraquinone, 355, 646, 650, 
661, 665 ,667 

Hydroxyanthraquinone boracetic ester, 
662 

Hydroxyanthrarufin, 665 
Hydroxyanthrone, 652 
Hydroxy azobenzene, 67, 135, 208 #., 
910 ,244 

Hydroxyazo dyes, 223 
Hydroxyazoxybenzene, 121 
Hydroxybenzalazine, 345 
Hydroxybenzalbenzyl cyanide, 571 
Hydroxybenzaldehyde, 336, 344, 346, 
347 #.. 416, 440, 461, 467, 475, 577. 
See also SoUcylaldehyde. 
Hydroxybenzanthrone, 608 
Hydroxybenzhydrol, 513 
Hydroxybenzhydrylamine, 513 
Hydroxybenzil, 568 

Hydroxybenzoic acid, 30, 187, 189, 346, 
354, 366, 369, 366, 540, 646, 653, 661, 
664. See also Salicylic add. 
Hydroxybenzophenone, 690 
Hydroxybenzoylaminocinnamic acid, 416 
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Hydroxybensoylaminooinnamio aalao- 
tone, 467 

Hydroxybenzoylbenzoic acid, 661 

Hydroxybenzoyl chloride, 367 
Hydroxybenzoylethyl chloride, 432 
Hydroxybenzoyloxybenzoic acid, 565,56*5, 
647 

Hydroxy benzyl alcohol, 335 
Hydroxybenzylamine, 336 
Hydroxybenzylaniline, 336 
Hydroxybenzylbenzylideneindene, 694 
Hydroxy benzyl cyanide, 337 
Hydroxy benzylideneacetone, 460,461 
Hydroxybenzylideneacetoneacetic acid, 
461 

Hydroxy benzylideneacetophenone, 677, 

578, 681 

Hydroxybenzylidenediacetophenone, 688 
Hydroxybenzylideneindene, 594 
Hydroxybenzylindene, 694 
Hydroxybenzyl mustard oil, 336 
Hydroxycarbostyril, 480 
Hydroxychloroindone, 596, 600 
Hydroxychlorostyrene, 445, 4-^^ 
Hydroxychrysazine, 665 
Hydroxychrysenequinone, 695 
Hydroxycinnamaldehyde, 459 
Hydroxycinnamaldehydeaceiic acid, 469 
Hydroxycinnamic acid, 462, 465, 472 ff., 
47S 

Hydroxycinnamic acid lactone. See 
Coumarin. 

Hydroxycinnamylideneacetic acid, 485 
Hydroxycinnolinecarboxylic acid, 480 
Hydroxycoumarin, 477, ^5 
Hydroxycoumarincarboxylic acid ethyl 
ester, 489,451 
Hydroxycoumarone, 369 
Hydroxyoyanocoumarin, 491 
Hydroxydesoxy benzoin, 663 
Hydroxydiaminonaphthalene, 633 
Hydroxydiaminotriphenylmethane, 557, 
539 

Hydroxydianthraquinoyl, 668 
Hydroxydianthrone, 650 
Hydroxydianthryl, 656 
Hydroxydibenzalacetone, 587 
Hydroxydibromotriphenylcarbinol, 640 
Hydroxydihydroindole, 324 
Hydroxydihydrophenanthrene, 671 
Hydroxydimethoxybenzaldehyde, 350 
Hydroxy dime thoxycinnamic acid, 370, 
475 

Hydroxydimothoxyphthalide, 378 
Hydroxydimethylbenzene, 189 
Hydroxydiphenyl, 601 
Hydroxydiphetiylacetic acid, 556 
Hydroxydiphenylamine, 505, 245, 247 
Hydroxydiphenylanthrone, 653 
Hydroxydiphenylene ketone, 604, 681 
Hydroxydiphonylethane, 443 
Hydroxydiphenylethylene, 553 
Hydroxydiphenylfluorene, 679 


HydroxydiphanylglycocoU, 556 
Hydroxydiphenylmethane, 512 
Hydroxydiphenylmethanecarboxylic 
acid, 653 

Hydroxydiphenyl sulphide, 228 
Hydroxydiphenyl sulphite, 181 
Hydroxydiphenyltetrazole, 314 
Hydroxydiphenyltriazine, 565, 567 
Hydroxydiphenyltriazole, 307 
Hydroxydivarin, 230 
Hydroxyethylbenzeue, 189 
Hydroxyethylphthalimide, 386 
Hydroxyethylprotocatechuic lactone, 378 
Hydroxyfluorane, 648 
Hydroxyfluorene, 679, 680 
Hydroxyfluorenone, 619, 681 
Hydroxjdiuorenonecarboxylic acid, 681, 
68$. See also Diphenyleneglycolie add. 
Hydroxyfluoroanthene, 690 
Hydroxyformazyl, 168 
Hydroxyfuchsone, 540 
Hydroxyhelianthrone, 710 
Hydroxyhippuric acid, 302 
Hydroxyhydratropic acid, 364 
Hydroxyhydrindene, 365, 697 
Hydroxyhydrindone, 599 
Hydroxyhydrocarbostyril, 41^» 418 
Hydroxyhydroquinone, 555, 236, 350, 
353, 371, 478, 541, 650 
Hydroxyhydroquinonealdehyde, $50, 478 
Hydroxyhydroquirionebcnzeine, 641 
Hydroxyhydroquinonecarboxylic acid, 
371 

Hydroxyhydroquinonephthalein, 560 
Hydroxyhydroquinone trimethyl ether, 
232, 454 

Hydroxyindazole, 279 
Hydroxyindenecarboxylic acid, 682 
Hydroxyindolecarboxylic acid, 331, 428, 
434 

Hydroxyisatin, 60,405, 4^6 
Hydroxyisocarbostyrilcarboxylic acid. 
387, 492 

Hydroxyisoduryl chloride, 339 
Hydroxyisophthalaldehyde, 375 
Hydroxyisophthalic ester, 26, $91, 395 
Hydroxjisopropylbenzoic acid, 47, $79, 
383 

Hydroxyisopropyldiphenyleneketonecar- 
boxylic acid, 677 
Hydroxyjuglone, 630 
Hydroxylaminoacetophenone anhydride, 
286 

Hydroxylaminoanthraquinone, 658 
Hydroxylaminoazoxy benzene, 135 
Hydroxylaminobenzaldehyde. 277 
Hydroxylaminobenzoic acid, 320 
Hydroxylaminobenzophenone, 518 
Hydroxylaminobenzyl alcohol, 261 
Hydroxylaminocinnamic acid, 469 
Hydroxylaminohydrocinnamic acid, 4^^< 
464 

Hydroxylaminomandeiamide, 411 
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Hydroxylaminophenylglyozylio acid, 278, 
' 426 

Hydroxylaminophenylpropiouic acid, 470 
Hydroxylepideno, 58 
Hydroxyloquinone, 227 
Hydroxymandelic acid, 364, J!^i^ 
Hydroxymandelic aldehyde, 403 
Hydroxymesityl chloride, 339 
Hydroxymesitylenealdehyde, 347 
Hydroxymeaitylene glycol, 875, 375 
Hydroxymesitylenic acid, 26, 864 
Hydroxymethoxybenzaldebyde. See 
InovaniUin and VaniUin. 
Hydroxymethoxy ben zoic acid, 366 
Hydroxymethoxybenzylacetone, 353 
Hydroxymethoxycinnamaldehyde, 459 
Hyd»*oxyinethoxycinnaniic acid, 477 
Hydroxyniethoxycounaarin, 478 
Hydroxymethoxyisophthaldchyde, 375 
Hydroxsnmethoxynaphthalenecarboxylic 
acid, 607 

Hydroxymethoxyphenethylheptenyl ke¬ 
tone, 461 

Hydroxymethoxyphcnylacetaldehyde, 

349 

Hydroxymethoxyphenylacctic acid, 368 
Hydroxymethoxyphenylbutanol, 452 
Hydroxymethoxyphthalide, 378 
Hydroxymethylbenzoic acid, 87J, 878, 
383,409 

Hydroxymethylbenzoic acid lactone. See 
Phthalide. 

Hydroxymethylcoumarin, 478 
Hydroxymethyldihydroxyanthraqui- 
none, 665 

Hydroxymethyldiphenylcarboxylic acid, 
504 

Hydroxymethyleneacetic ester, 26 
Hydroxymethyleneacetone, 26 
Hydroxymethyleneacetophenone, 26, 
456,464,616 

Hydroxymethylenebenzohydrazide,376 
Hydroxymethylenebenzyl cyanide, 422 
Hydroxymethylenebenzylmethyl ketone, 
408 

Hydroxymethylenehomophthalic acid, 

492 

Hydroxymethylenephenylacetaldehyde, 

422 

Hydroxsnnethylenephenylacetic ester, 

488, 471, 484 

Hydroiymethylenephenylbutyric ester, 
641 

Hydroxymethylenephthalide, 486 
Hydroxymethylisophthalio ester, 26 
Hydroxymethylnaphthaquinone, 630 
Hydroxyznethylphthalic acid, 389 
Hydrozs^ethylphthalimide, 386 
Hydrox 3 ^ethylquinoline, 287 
Hydroxymethyltrimesio acid, 396 
Hydroxynaphthacenequinone, 695 
Hydroxynaphthalene, 605 
Hydroxynaphthaquinone, 88P, 644 


Hydruxynaphthaquiiioneanil, 629,6‘88 
Hydroxynaphthaquinoneimine, 629,888 
Hydroxynaphthocoumarin, 636 
Hydroxynaphthoic acid, 395, 611, 632, 
888, 674 

Hydroxynaphthoylbeiizoic acid, 696 
Hydroxynaphthylamine, 615 
Hydroxynaphthylmercuric acetate, 622 
Hydroxynitrodiphenyl, 496 
Hydroxynitrostyrene, 449 
Hydroxyoxindole, 411 
Hydroxyoxindolecarboxylic ester, 436 
Hydroxypeucedanine, 483 
Hydroxyphenanthraqiiinone, 676 
Hydro3^yphenanthrenc», 669,878 
Hydroxyphenanthrone, 544 
Hydroxyphenethyl-. See Hydroxyphenyl- 
ethyl-, 

Hydroxyphenoxyacetaldehyde, 220 
Hydroxyphenoxyacetic acid, 219 
Hydroxyphenoxyacetone, 220 
Hydroxyphenylacetaldehyde, 847, 403 
Hydroxyphenylacetic acid, 336, 884 if., 
416 

Hydroxyphenylacetic azide, 354 
Hydroxyphenylacetonitrile, 364 
Hydroxyphenylacetoxime, 337 
Hydroxyphenylacrylic acid, 416 
Hydroxyphenylalanine, 415 
Hydroxyphenylaminoacetic acid, 412 
Hydroxyphenylaniyldimethylamine, 337 
Hydroxyphenylanthrone, 544 
Hydroxyphenylarsonic acid, 168 
Hydroxyphenylbenzoic acid, 504, 506 
Hydroxyphonylbutyldimethylamine, 337 
Hydroxypheiiylcrotonolactone, 428 
Hydroxyphenyldiethylcarbinol, 337 
Hydroxyphenyl ether, 188 
Hydroxyphenylethyl alcohol, 336 
Hydroxyphenylethylamine, 334, 888, 416 
Hydroxyphenylethylcarbinol, 337 
Hydroxyphenylethyl chloride, 337 
Hydroxyphenylethyldimethylamine, 336, 
337 

Hydroxyphenylethyl ethyl ketone, 353 
Hydroxyphenyl ethyl kotnne, 337 
Hydroxyphenylethylmethylamine, 417 
Hydroxyphenylethylphenylcarbinol, 578 
Hydroxyphenylfluorone, 541 
Hydroxyphenylglycolaldehyde, 403 
Hydroxyphenylglyoxylic acid, 412, 487 
Hydroxyphenylhydroxyquinoxaline, 427 
Hydroxyphenylindazole, 278, 331 
Hydroxyphenylisopropylamine, 337 * 
Hydroxyphenyllactic acid, 418, 416 
Hydroxyphenylmethylamine, 336 
Hydroxyphenylmethylisoorotonic acid, 
490 

Hydroxyphenyloxyphenylethylamine, 

337 

Hydroxyphenylphthalide, 522 
Hydroxyphenylpropionic acid, 364 
Hydroxyphenylpropionic lactone, 365 
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HydroxypheDylpropyldimethyiaiDine, 

337 

Hydroxyphenylpyruvic acid, 416, 4£8 
Hydroxyphenylsuccinic acid, 4^6, 474 
HydrozyphenyltetraTOle, 316 
Hydroxjrphenylvinyl alcohol, 457 
Hydrozyphenylzanthydrol, 641 
Hydroxyphthalic acid, 189, 377, 389, 391, 
393 

Hydroxyphthalide, 377 
Hydroxyphthalimidine, 381, 387 
Hydroxypicric acid, 223 
Hydroxypropiophenone, 405 
Hydroxypropyl phenyl ether, 194 
Hydroxyquinaldine, 91 
Hydroxyquiftaldinecarboxylic acid, 327 
Hydroxyquinoline, 468 
Hydroxyquinoiie, 236 
Hydroxysalicylic acid, 226 
Hydroxystilbone, 661 
Hydroxystyryl ben 2 yl ketone, S83 
Hydroxystyryldiphenylcarbinol, 578 
Hydroxystyryl ethyl ketone, 353 
Hydroxytetrahydronaphthylenetri- 
methylammonium hydroxide, 643 
Hydroxytetralone, 644 
Hydroxytetraphenylmethane, SSI 
Hydroxy thy moquinone, 240 
Hydroxytoluene, 189 
Hydroxytoluic acid, 26, 189, 363 
Hydroxytoluquinone oxime, 225 
Hydroxytrimellitic acid, 396 
Hydroxytrimesic acid, 396 
Hydroxytriphenylacetic acid, 639, SS8 
Hydroxytriphenylcarbinol, S39 
Hydroxytriphenylmethane, 540 
Hydroxytriphenylmethanecarboxylic 
acid, S44 

Hydrox 3 ruvitic acid, 26, 391 
Hydroxyuvitic aldehyde, 375 
Hydroxyxylenol, 373 
Hyoscyamine, 414 
Hystazarin, 653, 663, 667 
Hystazarinquinone, 667 

I 

Idryl. See Fliwrantfiene, 

Illidum species, 365, 452 
Illieium verum, 450 
Imosatin, 425 
Imidazylethylamine, 337 
Imidophthalimide, 387 
Iminobenzophenone, 516 
Iminobenzoylacetonitrile, 430 
Iminobensoylmethyl cyanide, 4^0 
Iminobisformylacetophenone, 484 
Iminodimethylquinol ethyl ether, 342 
Iminoketonaphthalene, 623, 633 
Iminoketonaphthalenesulphonic acid, 626 
Imino6xonaphtbalene, 623, 633 
Izninodxonaphthalenesulphonio acid, 626 
IminophenyluraoU, 430 


Iminotoluquinoi, 341 
Iminoxyloquinol ethyl ether, 341 
Imonium salts, 531 
Imperatoria ostruthium, 477 
Imperatorine, 483 
Indacene, 690 
Indamine, 248 
Indamine dyes, 109 
Indandione, S99, 600 
Indandionecarboxylic acid, 601 
Indandionemethyleneacetoaoetic ester, 
600, 683 

Indanone, 593, S97, 600 
Indanthrene, 6S8, 660,710 
Indanthrene jcolden oranice, 711 
Indanthrene violet, 698 
Indantrione, 600 
Indazole, 468 

Indene, 36, 393, S90ff., 678, 693 
Indeneaeetic acid, 595 
Indenealdehyde, 595 
Indenecarboxylic acid, S9S, 597 
Indenedicarboxylic acid, 595 
Indenehydroxyacetic ester, 595 
IndcnemaKnesiiim halide, 594 
Indenenitrile, 595 
Indenenitrosite, 591 
Indenenitrosochloride, 591 
Indeneoxalic ester, 591, o95 
Indcnylacetonitrile, 595 
Indenylpropionitrile, 595 
Indian hemp, 418 

Indigo. 60, 75, 88, 91, 100 ff., 201, 276, 
286, 321, 324, 325, 355, 406, 421, 423, 
424, 460,479,480,582 
Indnaniline, 245 

Indole, 36, 91, 330, 420, 561, 590 
Indolecarboxylic acid, 428 
Indoledicarboxylic ester, 144 
Indoneacetic acid, 490, 696 
Indophenine, 425 
Indophenine reaction, 33 
Indophenol, 186, 343 
Indophenol dyes, 109, 244, 346 
Indophenol oxide, 246 
Indoxyh 91, 286, 325, 327, 405, 480, 686 
Indoxylic acid, 101,324, 327,480 
Induline dyes, 106, 247 ff. 

Indulines, 141 
Inositol, 240,241 

Intramolecular oxidation and reduction, 
60 

Iodine green, 537 
lodoacenaphthene, 685 
lodoacetophenone, 385 ,404 
lodoanisole, 198 
lodoanthraquinone, 6S7 ,667 
lodobenzaldehyde, 275 
lodobenzene, 49, SI, 52, 56, 82, 85, 170, 
216, 326, 493, 513 
lodobenzoic acid, 318, 505, 507 
lodobenzyl alcohol, 261 
lodobeniylideneaniline, 504 
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lodochloride of benaeneBulphonyl chlo¬ 
ride, 177 

lodoohlorobenxene, 62^ 530 
lodoohlorobenzoic acid, 318 
lodocinnamic acid, 466 
lododinitrobenzene, 496 
lododiphenacyl, 583 
lododiphenyl, 455,607,609 
lodofluorene, 679 
lodogorgonic acid, 417 
lodohydrindone, 698 
lodohydrooinnamic acid, 415, 
lodohydroquinone, 621 
lodohydroxybenzoio acid. 366 
lodoisophthalic acid, 390 
lodomandelic acid, 411 
lodonaphthalene, 514i 038 
lodonaphthalinic acid, 630 
lodonitrobenzene, 62, 496 
lodophenetole, 198 
lodophenol, 198, 222 
lodophenylalanine, 416 
lodophenylcrotonic acid, 470 
lodophenylhydrazine, 148 
lodophthalic acid, 388 
lodoresorcinol, 613 
lodosalicylic acid, 362, 367 
lodosobenzaldehyde, 276 
lodozobenzene, 63 
lodoBobenzenesulphonic acid, 177 
lodosobenzoic acid, 318 
lodosonaphthalene, 614 
lodosotoluene, 66 
lodosulphonio acid, 177 
lodoterphenyl, 608 
lodotoluene, 64, 66, 292, 318 
lodoxybenzaldehyde, 276 
lodoxybenzene, 63 
lodoxybenzoic acid, 318 
lodoxynaphthaquinone, 630 
Iregenonedi(tri) carboxylic acid, 441 
Iretol, 232, 371 
Iridic acid, 371 
Iridic aldehyde, 360 
Iridol, 230 
Irigenin, 258, 371 
Isatin, 238, 321, 411, 423, 4^4. 479 
Isatin-ammonia, 425 
Isatin anilide, 100 
Isatincarbonic ester, 426 
Isatinoarbozylio acid, 609 
Isatin chloride, 634 
Isatinio acid, 4^4, 426 
Isatinimine, 424 
Isatinphenylhydrazone, 412 
Isatogenic acid, 60, 431, 480 
Isatoic anhydride, 321, 322, 32J^, 327, 
426 

Isatoid, 425 
Isatol, 426 
Isatoadme, 330, 426 
Isatropio acid, 413, 470 
Isatyde, 411 


Isoacetophorone, 74 
Isoallylbenzene, 446 
Isoamenylbenzene, 446 
Isoamenylmethoxycoumarin, 477 
Isoamenylmothylsalicylio acid, 26, 477 
Isoamylmesitylene, 48 
Isoamylphenol, 191 
Isoamylphenylhydrazine, 160 
Isoamyl phenyl ketone, 284 
Isoanethole, 460 
Isoanthraflavinic acid, 664 
Isoapiole, 232, 361, 449, 
Isobenzalphthalide, 669 
Isobenzil, 666, 669 
Isobenzyldiphenyl, 624 
Isobenzylidenedesoxybenzoin, 678 
Isobergapten, 483 
Isobetelphenol, 462, J!^63 
Isobidesyl, 684 
Isobiindone, 601 
Isobourbonal, 349 
Isobromostilbene, 660, 669 
Isobutenylphenylacetyleno, 448 
Isobutylaniline, 81 
Isobutylbenzene, 47 
Isobutylcinnamic acid, 469 
Isobutyldesoxybenzoin, 662 
Isobutylidenephthalide, 482 
Isobutylmesitylene, 48 
Isobutylnaphthalene, 612 
Isobutylphenylacetaldehyde, 270 
Isobutylphenylhydrazine, 160 
Isobutylsalicylaldohyde, 346 
Isobutyrio acid, 231 
Isobutyrophenone, 28J!t, 295 
Isobutyrylphenylhydrazide, 166 
Isocarbostyril, 483 

Isocarbostyrilcarboxylic acid, 483, 407 
Isochavibetol, 462, 455 
Isochavicinic acid, 481 
Isocoumarin, 455, 491 
Isocoumarincarboxylic acid, 482, 407 
Isocyanophenyl chloride, 90, 98, 196 
Isocyanuric triphenyl ester, 100 
Isodecylenio acid vanillylamide, 338 
Isodiazobenzenesulphonic acid, 178 
Isodiazotates, 147 
Isodiphenic acid, 606, 681, 683 
Isodiphenylbenzene, 607 
Isodiphenylethylene oxide, 664 
Isodiphenylhydroxyethylamine, 664 
Isodurene, 40, 43, 45, 293 
Isoduridine, 79 
Isodurylenequinone, 340 
Isodurylio acid, 46, 46, 293 
Isoelemicin, 464 
Isoemodin, 666 

Isoeugenol, 340. 348#., 399, 462, 455#., 
457, 477 

Isoeugenol ethyl ether, 366 
Isoeugenol methyl ether, 427, 455 
Isoferulic acid, 462, 475, 677 
Isohomocatechol, 221 
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Isohydrobensoin, 563 
Isohydromellitic acid, 305, 306 
laohydrozycuminic acid, 364 
Isoimperatorine, 483 
Isomerism of benzene derivatives, 6 
Isomethysticin, 486 
Isomyristicin, 350,45^ 

Isonaphthazarine, 627, 6S0ff- 
Isonaphthol sulphide, 628 
Isonitrosoacetanilide, 424 
Isonitrosoacetophenone, 283, 404, 407, 
423 

Isonitrosobenzoylacetone, 400 
Isonitrosobenzy lace tone, 406 
Isonitroaobenzyl cyanide, SOS, 412, 424 
Isonitrosocoumarone, 427 
Isonitrosodesoxybenzoin, 562 
Isonitrosohydrindone, S97, 590 
Isonitrosomethylhydrindone. 698 
Isonitrosonitrobenzyl cyanide, 424 
Isonitrosopheny]acetone, 406, 4 O 8 
Isonitrosophenylpropionic acid, 414 
Isonitrosopropiophenoiie, 401, 405, 431 
Isonitrosothioindoxyl, 427 
Isononadienylhydroxycoumaiin, 477 
laodpianio acid, 382 
Isodrcacetophenone, 352 
Isodrcinol, 225 

Isodxalyl dibenzyl ketone, 5S5 
Isophenyl-sulphide, -aulphone, «8ulph- 
oxide, 216 
Isophthalacene, 691 
Isophthalaldehyde, 374 
Isophthalaldehydic acid, 382 
Isophthalazide, 300 

Isophthalic acid, 292, S90, 396, 523, 
705 

Isopimpinelline, 483 
Isopiperic acid, 4S1 ,489 
Isoprenedicarboxylic acid, 29 
Isoprenelactonic acid, 20 
Isopropenylanisole, 4^1 ,401 
Isoprojjenylbenzene, 45,400, 44^ 
Isopropenylbenzoic acid, 462 
Isopropenylnaphthalene, 613 
Isopropenyl phenol, 194 
Isoproponylphenylacetylene, 448 
Isopropylaniline, 81 
Isopropylbenzaldehyde, 270 
Isopropylbenzene, 39, 42,45, 64, 283 
Isopropylbenzoic acid, 292, 293 
Isopropylbenzoin, 565 
Isopropylcatechol, 221 
Isopropylcinnamic acid, 469 
Isopropyloresol, 185 
Isopropyldiphenyl, 677 
Isopropylhexylbenzene, 48 
Isopropylhydroxybenzoic acid, 364 
Isopropylidenequinone, 340 
Isopropylisophliialic acid, 301 
Isopropylmandelic acid, 413 
Isopropylphenol, 46, 180, 340 
Isopropylphenylethyl alcohol, 253 


Isopropylphenylethylenelactic acid, 418 
Isopropylphenylhydrac^io acid, 418 
Isopropylphenylhydrazine, 150 
Isopropylphenylmagnesium bromide, 189 
Isoprotocotin, 521 
Isopurpuric acid, SOI, 391 
Isopurpurin, 665 
Isopyranthrone, 711 
Isoquinoline, 36, 394, 458, 483 
Isosafrol, 189, 309 427, 449, 451 ff., 

454 

Isosafrol dibromide, 401 
Isosafrol oxide, 400 
Isostilbene, 560 ,569 
Isotrichloroglycerolio acid, 30 
Isovalerophenone, S 84 ,206 
Isovalerophenonecarl^xylic acid, 383 
Isovalerylacetophenone, 400 
Iso vanillic acid, S66 ,382 
Isovanillin, 347iT., S49, 353.381,476 
Isovanillylideneacetone, 461 
Isoviolanthrene, 608 ,709 
Isoviolanthrone, 698 ,709 
Isoxylene, 4 ^ 

Isoxylic acid, SOS, 301 
Isozingerone, 353 
Itaconanilic acid, 101 

J 

Japanese lacquer, 221, 452 
Jara-Jara, 622 
Jasmilan, 458 

Jasmine flower oil, 251, 254 
Juglans regia, 627 
Juglone, 380, 627, 6S0 
Juglonic acid, 380, 630 

K 

K. See also C. 

Kawaic acid, 461, 4S5 
Kawain, 485 
Kawa resin, 462, 485 
Kermesic acid, 666 
Kctocoumarancarboxylic acid, 357 
Ketodecahydrobenzpyrene, 705 
Ketodihydronaphthoic acid, 636 
Ketodihydrophenyloxadiazine, 316 
Ketodihydroquinazoline, 328 
Ketodihydroquinasolinebenzoic acid, 322 
Ketodihydroquinazolone, 325 
Ketodihydrotetrabromobenzene, 198 
Ketohex^hydrocymene, 55 
Ketohydroxy lactone tautomerism, 523, 
570 

Ketone musk, 65, S86 
Keto6ctanthrene, 675 
Ketophenyldihydrobenzotriasine, 328 
Ketotetrahydrobenzanthracene, 606 
Ketotetrahydrobenzpyrene, 705 
Ketotetrahydrofluoranthene, 680 
Ketotetrahydronaphthalene, 396, $44 
Ketotetrahydrophenanthiene, 670 
Ketotetranthrene, 675 
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KieseJgubr, 591 

Kino. 218. 230. 366 

Knoevenagel reaction. 468^ 476 

Kyanidine, 267 

Kyanol, 75 

Kynurenio acid, 324 

Kynurio acid, 324 

L 

Laccaio acid. 666 
L-acid. 625 
Lacmoid, 223 

Lacquer, Japanese. 221, 452 
Lactatama. formation. 156 
/3>Lactones. 418. 445 
Lapachol, 630 
Lapacho wood, 630 
Laudanosine, 374 
Laurotetanine, 671 
Lauroylbenzene, 284 
Lavender oil, 477 
Lawsone, 630 

Lead-dipheiiyl(-dichloride), 173 
Lead phenyl triethyl, 172 
Lead phenyl trimothyl, 172 
Lead tetraphenyl, J73 
Lead thiophenate. 98 
Lead triphenyl (>halide), 173 
Lecanora species, 224. 225, 36S 
Lecanoric acid, 368 
Lepidene, 584 
Lepidium aativvm, 306 
Leucacene, 688 
Leucaniline sulphate. 526 
Leucauramine, 514 
Leucaurine. 639^ 542 
Leucine. 415 
Leucoaniline. 527 
Leucobenzaurine, 539 
Leucobenzein, 539 
Leucocryatal violet. 536 
Leucomalachite green. 637, 533 
Leuconic acid. 241 
Leucoprotoemeraldine, 247 
Leuoorosolic acid, 639, 543 
Leucylglycylphenylalanine. 415 
Lichen acids, 350 
Lichen pUccUue, extract, 368 
Liebermann reaction. 186 
Light oil, 35. 36 
Lignin. 348. 399 
Lignite tar. 37 
Lime bark. 347 
Limettin, 478 
Liquidamhar orientalis, 456 
Lithium benzyl. 255 
Litmus, 225 
Lodal, 373 
Lamatia species. 630 
Lomatiol, 630 

Low temperature tar, 35, 603, 649 
Lubanol, 457 
Lucidol, 298 


Lupinus hdeua, 414 
Luteic acid. 370 
Luteolin. 365. 578 
Lysol, 189 

M 

Mace oil. 454 
Maclurin, 366, 631 
Madder root, 662, 665. 666 
Madder species. 666 
Magnesium aniline. 78 
Magnesium diphenyl. 170 
Magnesium phenyl carbamate. 78 
Ma kuano, 257. 401 

Malachite green, 82, 510, 526, 633, 540 
Maleic acid, 29. 30. 34. 236 
Maleic phenylhydrazide. 160 
Maleinanil, 101 
Maleinanilic acid, 101 
Malonanilio acid, 88, 101 
Malonanilide, 101 
Malonic methylanilide, 101 
Malonic monoester phenylhydrazide. 160 
Malonyldiphenylhydrazide, 160 
Malonylphcnylhydrazide, 160,161 
Malt, 337 

Manchester brown, 143 
Mandarin oranges, oil, 325 
Mandelie acid, 194, 294, 403, 407, 400, 
412, 423, 556, 564 
Mandelie aldehyde, 403 
Mandelie amide, 401 

Mandelie nitnie, 293, 401, 411, 438, 555, 
572 

Manila, 672 
Manila elemi oil, 454 
Maple sugar, 477 
Martius" yellow, 633, 625 
Matico oil, 455 
Mauvaniline, 534 
Mcconine, 377, 378, 381, 389 
Meconineacetic acid, 439 
Meconinic acid, 377 
Melilot, 473, 474 
Melilotic acid, 336, 366, 4'^^ ff‘ 

MelUoiua offidtudU, 365, 473 
Mellimide, 397 
Mellitheine, 397 

Mellitic acid, 26, 48, 287, 395 if.. 397, 
592. 700. 

Mellitic hexoDiethyl ester. 25 
Mellityi alcohol, 252 
Mellophanic acid, 46, 396, 441 
Menthone, 55 

Mercaptananthraquinone. 666 
Mercaptoacetophenone. 404 
Mercaptobenzaldehyde. 346 
Meroaptobenzoic acid, 363 
Mercaptobenzyl alcohol. 336 
Mercaptophenylacetic acid. 364 
Meroaptosalicylio acid. 361 
Mercaptothiazole. 137 
Merouration. 171, 200 
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Mercurio phenate, 188 
Mercury acetanilide, 89 
Mercury dinaphthyl, 614 
Mercury diphenyl, 67, 166, 171^ 423, 
615, 626, 644 
Mercury formanilide, 89 
Mercury nitrophenol, 200 
Mercury phenyl acetate, -bromide, 
-iodide, -hydroxide, 171 
Meridimethylquinonediimonium bro¬ 
mide, 243 

Mcriquinonodiimonium bromi<le, 242 
Mesicerin, 373 

Mesidine, 67,73,7.9,189. See alsfi A mino^ 
meaUylerie, 

Mesitol, 73, 189, 347. 661 
Mesitoylmesitylene, 616 
Mesityl alcohol, 262 
Mesitylaldehyde, 270 
Mesitylamine, 257 

Mesitylene, 25, 37, 42 f*., 44, 47, 58, 
283, 292, 374, 391, 395, 397, 509. 625 
Mesitylene bromide, 270 
Mesitylenecarboxylic acid, 293, 296, 396 
Mesitylene glycerol, 373 
Mesitylene glycol, 373 
Mesitylenemagnesium halide, 293 
Mesitylenesulphonic acid, 176 
Mesitylenetriuldehyde, 374 
Mesityienic acid, 44, 45, 189, 292, 395 
Mesitylglyoxylic acid, 428 
Mesitylhydroxylamine, 68, 69, 342 
Mesityl isothiocyanaie, 99 
Mesityl oxide, 283 
Mesityl quinol, 342 
Mesomerism, 19 
Mesorcinol, 224 ff, 

Mesotartaric acid, 29, 188 
Mesoxanil chloride, 90 
Metanilic acid, 178, 180^. 

Metaniline yellow, 180 
Metaphosphosal chloride, 368 
Metastyrene, 443 
Methenylbisacetoacetic ester, 26 
Methionic acid, 196, 407 
Methobutenylbensene, 446 
Methohexenylbenzene, 446 
Methopentenylbenzene, 446 
Methopropenylbenzcne, 446 
Methoxyacetophenone, S62, 449 
Methoxyaminophenylcinnamic acid, 674 
Methoxybenzaldehyde, 34^, 34^- See 
also Anisaldehyde, 

Methoxybenzil, 668, 676 
Methoxybenzoic acid, 192, S66, 362, 363 
Methoxybenzophenone, 620,621 
Methoxybenzoylacetic ester, 431 
Methoxybenzoyl chloride, 621 
Methoxybenzoyl cyanide, 424 
Methoxybenzoyltsrrosine, 417 
Mothoxybenzyl alcohol, 336 
Methoxybenzylamine, 336 
Methozybenzyl bromide, 416 


Methoxybenzyl chloride, 271 
Methoxybenzylideneacetone, 461 
Methoxybromostyrene, 466 
Methoxybutyrophenone, 406 
Methoxychlorostyrcne, 449 
Methoxycinnamaldehyde, 459 
Methoxycinnamic acid, 449, 456, 473, 
476 Jf.. 484 

Methoxycinnamic acid dibromide. 420 
Methoxycinnamyl alcohol, 467 
Methoxycinn amylideneacet aldehyde, 469 
Methoxycinnamylideneacetyl chloride, 

462 

Methoxycinnamylidenecrotonic acid, 486 
Methoxycoumarin, 477 
Methoxycyclopentenophenanthrene, 690 
Methoxyethoxybenzoic acid, 366 
Methoxy groups, estimation, 192 
Methoxyhydratropic acid, 364 
Methoxyhydroquinone, 239 
Methoxyhydrotropaldehyde, 347, 364, 

450,456 

Methoxyhydroxybenzaldehyde. See 
(I HO-) vanillin, 

Methoxyhydroxybenzoic acid. See 
{Tso^) vanillic acid. 

Methoxyhydroxycinnamic acid, 476, 477 
Methoxy hydroxy cinnamyl alcohol, 467 
Methoxyhydroxycoumarin, 478 
Methoxyhy droxyphenyl acetaldehyde, 

349 

Methoxyhydroxyphenylalanine, 417 
Methozyhydroxyphthaladehydic acid, 

381 

Methoxymandelic acid, 364 ,412 
Methoxymethylenedioxybenzaldohyde, 

350 

Methoxymethylenedioxybenzylamine, 

338 

Methoxy nitrocinnamic acid, 476 
Methoxynitrophenylpyruvic acid, 428 
Methoxyphenanthrene. 674 
Methoxyphenanthrenecarboxylic acid, 
674 

Methox 3 q)henoxynitrobenzene, 337 
Methoxyphenylacetaldehyde, 337, 347, 
451 

Methoxyphenylacetic acid, 364 
Methoxyphenylacetone, 363 
Methox*yphenylacetonitrile, 337 
Methoxyphenylalaninc, 467 
Methoxyphenylethylamine, 337 
Methoxyphenylglutaconic acid, 491 
Methoxyphenylglyoxylic acid, 437, 640 
Methoxyphenylmagnesium halide, 364, 
460 

Methoxyphenylmethacrylic acid, 450, 

476 

Methoxyphenylmethylglyoxime, 408, 450 
Methoxyphenyltartronic acid, 436 
Methoxyphthalic acid, 389 
Methoxyphthalide, 380 
Methoxyphthalidecarbozylic acid, 439 
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Methozyquixioline, 362 
Methoxyquinone, 232, 2S9 
MethoxyresoroylaldehJj^de, 477 
Methoxysalicylaldehyde, 348 
Methoxystyrylcarbamic acid, 473 
Methoxytoluic acid, 389 
Methoxytriphenylchloromethane, 539 
Methoxyxanthone, 541 
Metfaylac'^tanilide, 82, 89 
Methylacetcphenone, 47. 284, 677 
Methylaesculetin, 478 
Methylalisarin, 664 
Methylallocinnamic acid, 469 
Methylallylaniline, 82 
Methylallylphenylhydroxj'lamine, 82 
Metfaylaminoacetocatechol, 406 
Msthylaminoacef/ophenone, 405 
Methylaminobensoic acid, 329. See also 
Methylanihranilic acid, 
Methylaminobenzyl alcohol, 401 
Methylaminocoumarin, 475 
Methylaminoe thy Imethyl vanillin ,373 
Methylaminohydroxyphenylethanol, 402 
Methylaminomethoxybenzoic acid, 362 
Methylaminophenol, 242 , 475 
Methylaminophenylcarbinol, 401 
Methylaminophenylpropanol, 401, 402 
Methylaminothymoquinone, 240 
Methylaniline, 71, 73, 78, 80, 81, 82, 84, 
88. 90#., 99,104, 112#., 129, 308, 345, 
637 

MethylanilinemaKnesium iodide, 329 
Methylanthracene, 36, 646, 648, 652, 
666 

Methylanthranil, 278 ,286 
Methylanthranilic acid, 325 
Methylanthranilidoacetic acid, 327 
Methylanthrapyridine, 660 
Meihylanthraquinone, 648, 6S7 ,666 
Methylanthraquinonesulphonic acid, 664 
Methylanthrone, 652 
Methylarbutin, 226 
Methylatropio acid, 433, 471 
Methylauramine, 5^9 
Methylbenzaldoxinio, 274 
Methylbenzamide, 300 
Methylbenzanilide, 308 
Methylbenzanthracene, 697 
Methylbenzanthraquinone, 697 
Methylbenzanthrone, 698 
Methylbenzene. See Toluene. 
Methylbenzeneazomethylaminobenzene, 
139 

Methylbenzidine, 4^9, 500 
Methylbenzimidochloride, 307 
Methylbeqzimidomethyl ether, 308 
Methyibenzoin, 565 
Methylbenzometathiazine, 262, 263 
Methylbenzometoxazine, 262 
Methylbenzophenone, 522 
Methylbenzothiazole, 89 
Methylbenzoylacetio ester, 408, 491 
Methylbenzoylbenioio acid, 523 


Methylbenzoylpropionio acid, 432 
Methylbenzylamine, 257 
Methylbenzylaniline, 258 
Methylbenzyl chloride, 254 
Mothylbenzyl cyanide, 306 
Methylbenzyl isopropyl ketone, 285 
Mothylbenzylketocarboxylic acid, S8S, 
483 

Methylbenzylmalonio acid, 434 
Methylbenzyl sulphone, 255 
Methylbutylbenzene, 48 
Methylcarbo 8 t 3 rril, 91 
Methylcetylbenzene, 48 
Methylchalkone, 677, 579 
Methylchavicol, 449, 490» 
Methylchrysophanic acid, 664 
Methylcinnamaldehyde, 457, 498 
Methylcinnamio acid, 295, 489, 578 
Methylcoeranthrone, 705 
Methylcoumarane, 451 
Methylcoumaric acid, 473, 478 
Methylcoumaric aldehyde, 459 
Methylcoumarilic acid, 194 
Methylcoumarin, 472, 476 
Methylcoumarinic acid, 473 
Methylcoumarone, 36, 194 
Methylcoumaryl alcohol, 457 
Methylcoumaryl ketone, 457, 480 
Methylcrotolactoneacetic acid, 29 
Methylcyclobutanonylacetic ester, 225 
Methylcyclohexane, 43 
Methylcyclohexenone, 55, 74 
Methylcyclopentane, 34 
Methylcyclopentenophenanthrene, 690 
Methyldesoxybenzoin, 662, 569 
Methyldiaminodiphenyl, 499 
Methyldibromodibenzofiilvene, 681 
Methyldihydrocotoin, 231 
Methyldihydrophenanthrenecarboxylic 
acid, 669 

Methyldihydroquinazolone, 323 
Methyldihydrotrimesic acid, 26, 391 
Methyldihydroxyanthraquinone, 664 
Methyldiketohydrindene, 600 
Methyldiketohydrindenecarboxylic acid, 
600 

Methyldinaphthyl ketone, 704 
Methyldiphonyl, 494 
Methyldiphenylamine, 85 
Methyldiphenylbenzene, 283, 607 
Methyldiphenylitaconio acid, 596 
Methyldiphenylketonedicarbozylic acid, 
524 

Methylditolylisourea, 93 
Methyleneanthranilio acid, 326 
Methyleneanthraquinone, 656 
Methylenebisbenzisoxazolone, 321 
Methylenebisbenzotetronio acid, 485 
Methylenebisbiindone, 601 
Methylenebisindandione, 601 
Methylenebisphlorogluoinol, 231 
Methylenebisresoroinol, 225 
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Methylene blue, 107, 217, 248 
Methylenediacetoanthranilic acid, 326 
Methylenedianiline, 8$^ 511 
Methylenedianthranilio acid, 326 
Methylenedibenzamide, 301 
Methylene dibenzoate, 296 
Methylene dibenzyl ether. 254 
Methylenedicatechol, 512 
Methylenedigallic acid, 522 
Methylenedimethylapionol, 232 
Methylenediorcinol, 512 
Methylenedioxyacetylmandelic nitrile. 

338 

Methylenodioxybenzoic acid, 366 
Methylenedioxybenzoyl cyanide, 424 
Methylenedioxybenzylethyleneglycol, 
399, 453 

Methylenedioxybenzylglycol, 399, 453 
Methylenedioxybromoatyrene, 455 
Methylenedioxy ci nnamalacetoacetate, 

487 

Methylenedioxycinnamalmalonic acid, 489 
Methylenedioxy cinnamic acid, 455, 477 
Methylenedioxy cinnamoylformic acid, 
486 

Methylenedioxycinnamoylpyruvic acid, 
486 

Methylenedioxvoinnamylidcneacetone, 

461 

Methylenodioxydimethoxybenzeno, 232 
Methylenedioxy group, opening, 451 
Methylenedioxyhydrocinnamylidene« 
acetone, 461 

Methylenedioxyphenylacetylene, 455 
Methylenedioxyphenylbutyl methyl 
ketone, 353 

Methylenedioxyphenylmethylethylene- 
glycol, 399 

Methylenodioxyphenylpropine, 455 
Methylenedioxystilbene, 561 
Methylenediphonylhydroxylamine, 69, 90 
Methyleneditolyldiamine, 84 
Methylenefluorene, 680 
Methylenehomocaffeic acid, 454 
Methyleneindene, 594 
Methylenemethyl ether trihydroxyphtha- 
lic acid, 390 

Methylenephthalide, 4S2 ,491 
Methylenephthalimidine, 482 
Methylenequinoneimine bases, 531 
Methylenequinones, 189, 340 
Methylephedrine, 402 
Methyl ether melilotic acid, 473 
Methylethylaniline, 82 
Methylethylaniline oxide, 83 
Methylethylphenacylsulphonium cation, 
216 

Methylethylphenylacetaldehyde, 399 
Methylethylphenylglycol, 399 
Methyleugenol, 221, 4^8 
Methylfluorene, 681 ,682 


Methylfluorenone, 681 
Methylformanilide, 88 
Methylformazyl, 104 
Methylgallic acid, 370 
Methylglyoxalophenylhydrazoxime, 151 
Methyl green, 537 
Methylguaiaoylcarbinol, 338 
Methylguaxacylethylcarbinol, SS8 
Methylhexanitrodiphenylamine, 104 
Mothylhydratropio acid, 295 
Methylhydrazobenzene, 144 
Methylhydrindenecarboxylic acid, 597 
Methylhydrindone, 598 
Methylhydrobenzoin, 554 
Methylhydrocinnamic acid, 252, 598 
Methylhydrocotoin, 521 
MethylhydroxyantJ^aquinone, 662 
Methylhydroxybenzoic acid, 363 
MethyLhydroxyhemimoUitic acid, 396 
Methylhydroxyphthalic acid, 389 
Methylhydroxyquinoline, 287 
Methylhystazarin, 664 
Methyliminohydrocinnamic ester, 430 
Methylindandione, 598 
Methylindeno, 36,592 ,693 
Methylindenecarboxylic acid, 592 ,696 
Methylindole, 154 
Methylindoleacetic acid, 157 
Methylindone, 595 
Methylindoneacetic acid, 596 
Motl^liridic acid, 371 
Methylisatin, 427 
Methylisocarbostyril, ‘483 
Methylisocoumarin, 383, 483 
Methylisoeugenol, 449, 463 
Methylisoformanilide, 88, 90 
Methylisophthalic acid, 391, 441 
Methylisopropenylphenol, 451 
Methylisopropylacetophenone, 285 
Methylisopropylbenzene. See Cumene, 
Methylisopropyldiphenylenemethane, 
679 

Mothylisopropylnaphthalene, 613 
Methylisopropylphenanthrene, 676 
Methylisopropylphenol, 190 
Methyl isoquinoline, 394 
Methylisothioacetanilide, 89 
Methyl ketole, 154, 322 
Methyl lactolide, 345 
Methylmethylenedioxycinnamalaceto- 
acetate, 487 
Methylmorphol, 674 
Methylmuconic acid, 29 
Methylnaphthalene, 36, 618, 633, 702 ff, 
Methylnaphthol, 437, 606, 688 
Methylnaphthoquinonitrol, 622 
Methylnaphthoylacenaphthene, 692 
Mcthylnaphthoyl chloride, 692 
Metliylnaphthoylphenanthrene, 707 
Methylnaphthoyltetrahydronaphthab 
ene, 703 

Methylnaphthylamine, 622 
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Methylnaphthyl ketoue, 634 
Methylnaphthylinagnesium halide, 707 
Methylnitrophenylpyruvio acid, 428 
Methyl nonyl ketone, 253 
Methylnoropianic acid, 381 
Methylolbensamide, 300 
Methylolbenzieoxazolone, 321, 400 
Methylphenanthrene, 671 
Methylphenanthrenecarbozylic acid, 674 
Methylphenanthroylnaphthaleno, 708 
Methylphenylacetone, 285 
Methylphenylanthracenecarboxylic acid, 
706 

Methylphenylbutyric acid, 285, iB9o 
Methylphenylcarbamyl chloride, 92 
Methylphenylcyanotriazene, 129 
Methylphenyleuediamine, 160 ,243 
Methylphen:S"lethylenelactic acid. 4^^. 
469 

Methylphenylformylphenylhydrazinc, 

151 

Methylphonylglycidic acid, 421 
Methylphcnylglycine, 91 
Methylphenylglycocollate, 91 
Methylphenylhydracrylic acid, 418 
Methylphenyl isobutyl ketone, 286 ,295 
Methylphenylisourea, 93 
Methylphenyl!taconic acid, 490 ,696 
Methylphenylnitrosamine, 82, 110, iii» 
120 Jf. 

Methylphenylparaconic acid, 437, 606 
Methylphenylpropiolic acid, 480 
Methylphenylpropylaldehyde, 270 
Methylphenylquinoline, 619 
Methylphenyltriazene, 129 
Methylphenylurea, 129 
Methylphloroglucinol, 2S0, 231 
Methylphthalio acid, 598, 664 
Methylphthalide, 292, S78 
Methylphthalimide, 386 
Methylpimelic acid, 32, 363 
Methylpiperic acid, 481 
Methylpleiadenedione, 713 
Methylpleiadone, 713 
Methylpropylphenol, 191 
Methylprotocotoin, 521 
Methylpurpuroxanthine, 664 
MethyJpyrogallol dimethyl ether, $S0, 
643 

Methylquinazoline, 280 
Methylquinoline, 36 
Methylsalicylaldehyde, 412 
Methyl salicylate, 254, $66 
Methylsalicylic acid, $66, 520 
Methylsalicyloyl chloride, 368 
Methylsinapic acid, 478 
Methylstilli^ne, 659, 660 
Methylstyrene, 45, 446 
Methylstyrylacetic acid, 470 
Methylterephthalio acid, 392 
Methylthioacetanilide, 89 
Methylthiobenzamide, 308 
Methylthiobenzanilide, 308 


Methylthiopheue. See Thiuiolene. 
Methylthiosalicylic acid, 361 
Methyltoluidine, 329 
Methyltolyl butyl ketone, 285 
Methyl tolyl propyl ketone, 286 
Methyltriphenylmethane, 526 
Methyltriphenylmethanecarboxylic acid, 
543 

Methyl tyrosine, 417 
Methylumbelliferone, 352, 477 
Methylvanillin, $49, ^68, 417, 453 
Methyl violet, 519, 536, 6$7 
Methysticin, 461, 481, 466 
Methysticinic acid, 486 
Methysticon, 461 
Mezcalinc, 335, $38 
Mianiiie, 176 

Michler ketone, 619, 536. See also 2'e/ra- 
methyldiaminobenzophenone. 

Microbin, 318 
Middle oil, 35, 36 
Mignonette flower oil, 259 
Mignonette root oil, 269 
Migration, of acyl groups, 371, 477 
of alkoxy groups, 342 
of phenyl groups, 265, 281, 283, 347, 
398, 399, 400, 446, 450, 451, 457, 575, 
684 

Mimoaa eateehv, 218 
Mirbane, oil, 60 
Molecular asymmetry, 495,638 
Monarda punctata, 190 
Monoamino-, monobromo-, etc. See 
Amino-, Bromo-, 

Monoperphthalic acid, 386 
Morinda citrifolia, 666 
Morindin, 666 
Morindone, 665 
Moringa tannic acid, 218 
Morphine, 671,674 
Morphol, 674 
Morpholquinone, 676 
Moskene, 65 
Moss, 348 
Muconic acid, 28 
Munjistiii, 666 
Muscarufln, 508 
Mushroom pigments, 608 
Musk, artificial, 48, 65, 202, 277. 286 
toluene, 48, 66 
Mustard seed, 336, 364, 478 
Mydriatine, 401 
Myristicin, 360, 454 
Myristicinaldehyde, 338, $60, 464 ‘ 
Myristicinic acid, $70 ,454 
Myrrh, 366 

N 

Naphtha, 44 

Naphthacene, 600, 696 ff. 
Naphthacenediquinone, 696 
Naphthacenehydroquinone, 696 
Naphthacetin, 623 
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Napthaoetol, 623 
Naphthadiquinone, 631 
Naphthafuchsone, 629 
Naphthaldehyde, 634t 635 
Naphthaldohydic acid, 686 
Naphthalene, 34, 35, 201, 223, 374, 379, 
384, 385, 440, 590, 603 ff., 611, 628, 
634 ff., 638, 640, 668 Jf.. 685, 688, 696, 
700, 702, 713 

Naphthalenecar boxy lie acid. See Najifh^ 
thoic acid* 

Naphthalene derivatives, isomerism, 604 
Naphthalenedicarboxylic acid, 637, 696 
ff., 704 

Naphthalene dichloride, 612, 641 
Naphthalene dihydrogen sulphide, 628 
Naphthalenedisulphonic acid, 292, 611, 
619 

Naphthalenehydroxycarboxylic acid, 32 
Naphthalene red, 618 
Naphthalcnesulphinic acid, 621 
Naphthalenesulphonic acid, 389, 614 If., 
619, 621, 623, 628, 635 
Naphthalene tetrabromidc, 642 
Naphthalonetetracarboxylic acid, 638, 
699 

Naphthalene tetrachloride, 384, 612, 

642 

Naphthalenetetrasulphonic acid, 619 
Naphthalenetrisulphonic acid, 611 
Naphthalene yellow, 623 
Naphthalenic acid, 384 
Naphthalic acid, 187, 396, 441, 548, 609, 
637, 685, 687 
Naphthalide, 637 
Naphthalidine acid, 619 
Naphthalimidc, 637, 686 
Naphthalinic acid, 629 
Naphthalizarin, 630 
Naphthanil, 637 
Naphthanthridone, 695 
Naphthaquinone, 234, 306, 440, 599, 
610 ff., 015, 623 ff., 620 ff., 62S ff., 
631 ff., 641, 644, 650, 075, 682 
Naphthaquinone anil, 633 
Naphthaquinonecarboxylic acid, 636 
Naphthaquinone chlorimine, 633 
Naphthaciuinone diazide, 623 
Naphthaquinone dichloriinino, 633 
Naphthaquinonedimalonic ester, 629 
Naphthaquinone dioxime, 615, 617, 633 
Naphthaquinoneimine, 623, 633 
Naphthaquinoneimine anil, 633 
Naphthaquinoneiminesulphonic acid, 626 
Naphthaquinonemalonic ester, 631 
Naphthaquinone oxime, 632. See also 
Nitroaonaphthol. 

Naphthaquinonesulphonic acid, 633 
Naphthazarin, 614,627, 630, 062 
Naphthidine, 616 iT., 638 
Naphthindane, 640 
Naphthindandione, 637 ,640 
Naphthionic acid, 619 ,620 


Napht ho benzyl alcohol, 633 
Naphthobenzylamine, 634 
Naphthobenzyl chloride, 633#. 
Naphthocoumarin, 635 
Naphthocyaminic acid, 614 
Naphthodianthrene, 710 
Naphthodianthrone, 710 
Naphthofluorene, 684 
Naphthofluorenone, 684 
Naphthofluorenonequinone, 684 
Naphthofurazane, 633 
Naphthohydroquinone, 626, 629, 631, 
636, 664 

Naphthoic acid, 607, 634, 641, 644, 696 
Naphthoic sulphonic acid, 636 
Naphthol, 36, 73, 187, 384, 385, 389, 
437, 469, 483, 570, 605 ff., 609, 614 
ff., 621, 623 ff., 631 ff., 635 ff., 639, 
641, 642, 644, 669, 673 
Naphtholaidehyde, 634, 639 
Naphtholaldehydesulphonic acid, 634 
Naphtholazobenzene, 624, 632 
Naphtholbisazobenzene, 624 
Naphthol black, 620 
Naphthol blue, 248 
Naphtholcarboxylic acid, 636#. 

Naphthol disulphide, 028 
Naphtholdisulphonic acid, 363, 623, 

625 

Naphthol ethyl ether, 622, 634 
Naphtholmercaptan, 628 
Naphthol methyl ketone, 606, 634 
Naphthol orange, 623, 624 
Naphtholsulphonic acid, 292, 362, 502. 

611, 624, 625, 634 
Naphtholtrisulphonic acid, 625 
Naphthol yellow, 623, 625 
Naphthomethylenequinone, 622 
Naphthonitrile, 634, ^55 
Naphthophenaziuc, 618, 031 
Naphthopicric acid, 623 
Naphthopurpunn, 630 
Naphthopyrene, 707 
Naphthopyrogallol, 027 
Naphthoquinone. See Naphthaquinone. 
Naphthoresorcinol, 627 
Naphthoresorcinolcarboxylic acid, 437, 
636 

Naphthostilbene, 639, 702 
Naphthostyril, 635, 637 
Naphthothiam, 621 
Naphthoxanthone, 636 
Naphthoxazole, 623 
Naphthoxyacetic acid, 622 
Naphthoylaniline, 683 
Naphthoylbenzoic acid, 634, 696, 713 
Naphthoyl chloride, 634,704 
Naphthoyl cyanide, 634 
Naphthoylpropionic acid, 670 
Naphthsultam, 620 
Naphthsultamdisulphonic acid, 620 
Naphthsultamquinone. 620 
Naphthsultamtrisulphonic acid, 620 
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NaphtHsultone, 626 
Naphthylacetaldehyde, 634 
Naphthylacetic acid, 636 
Naphthylaoetonitrile, 634, 6S5 
Naphthylacetyl chloride, 686 
Naphthylaoetylene, 634 
Naphthylacrylic acid, 635 
Naphthylamine, 73, 362, 389, 604, 607, 
612, 614 ff., 615 621, 623, 628, 041, 

642, 668 

Naphthylaminedisulphonic acid, 619, 620 
Naphthylaminesulphonic acid, 619^ 623 

Naphthylaminetrisulphonic acid, 620 
Naphthylaminoazobenzenesulphonic 
acid, 618 

Naphthjdaminophcnylacrylic acid, 099 
Naphthyl azide, 617 
Naphthylazoacetic acid, 618 
Naphthylazoacetoacetic ester, 618 
Naphthylazoacetone, 618 
Naphthylbenzenesulphamide, 616 
Naphthylcarbaminic chloroethyl ester, 
616 

Naphthylcarbazole, 36 
Naphthylcarbinol, 633 
Naphthyldiazoaminohenzene, 617 
Naphthyldibenzofluorono, 639 
Naphthyldibenzofluorenol, 639 
NaphthyldimethyJamine, 616 
Naphthyldimothylcarbinol, 613, ^8^ 
Naphthyldiphenylcarbinol, 634 
Naphthylenodiamine, 615, 617 ff. 
Naphthylenodiaminosulphonic acid, 619 
Naphthylenedihydrazinc, 619 
Naphthylethylamine, 616 
Naphthylethyl halide, 694 
Naphthylethylmagnesium halide, 690, 
703 

Naphthylglyoxylic acid, 034 
Naphthylhydrazine, 618 
Naphthylhydroxylamiije, 615, 617 
Naphthyl iodochJoride, 614 
Naphthylisocrotonic acid, 069 
Naphthyl isocyanate, 186 
Naphthylmagnesium halide, 613, 017, 
634, 639 ff. 

Naphthyl mercaptan, 628 
N apht hylmethy 1 ace taldehy d e, 634 
Naphthylmethylamine, 616 ff. 

Naphthyl methyl ketone, 613, 634 
Naphthylnaphthoic acid, 635 
Naphthyinitramine, 617 
Naphthylnitromethane, 634 
Naphthylparaconic acid, 673 
Naphthylphenylcarbinol, 634 
Naphthylphenylencdiamine, 616 
Naphthyl phenyl other, 622 
Naphthphenylhydrazil, 637 
Naphthylphenyliodonium hydroxide, 614 
Naphthyl phenyl ketone, 698 
Naphthylpropionic acid, 688 
Naphthylsulphaminic acid, 616 


Naphthyl sulphone, 621 
Naphthyisulphur chloride, 62S 
Naphthylurethane, 185 
Narcotine, 377, 389 
Naringenin, 677 
Naringin, 476, 577 
Nasturtium leaves, 253 
Nasturtium officinale, 306 
Nataloin, 664 

Neoarsphenamine. Sec Neoaalvarsnn 

NeoOrthoform, 362 

Neosalvarsan, 168 

Nerolin, 622 

Neroli oil, 322 

Neville and Winther acid, 625, 626 
“New fuchsine process,*' 535 
Nigraniline. 247 
Nigritella auaveolens, 347, 362 
Ninhydrin, 600 
Nirvanin, 362 
Nirvanol, 93 
Nitracetanilidc, 142 
Nitranilic acid, 233, 239 
Nitraniline, 61, 67, 102, 103, 104, 106, 
112/., 120, 137, 143,185, 200, 236, 244. 
319 

Nitranilincsulphonic acid. Cl 
Nitrating agents. 58 
Nitration, rate, 58 
Nitroacenaphthene, 685 
Nitroacetaldohydephonylhydrazonc, 101, 
162 

Nitroacetaminotoluene, 361 
Nitroacotanilide, 102 
Nitroacetophenono, 278, 286, 4^4^ 431, 
445, 480 

Nitroacetophenone oxime, 286, 443 
Nitroacetotoluidide, 327 
Nitroalizarin, 663 

Nitroaminoanthraqiiinone, 658 ff., 660 
Nitroaminobenzhydrol, 513 
Nitroaminobenzoic acid, 329 
Nitroaminocinnamic acid, 468 
Nitroaminodiphenyl, 467, 498 
Nitroaminonaphthalene, 617 
Nitroaminostilbene, 561 
Nitroaminotetrahydroxybenzene, 233 
Nitroanethole, 450 
Nitroanilide, 111 
Nitroanisole, 200 
Nitroanthracene, 649 ff., 656 
Nitroanthranilic acid, 327 
Nitroanthraquinono, 658 ff., 663 
Nitroanthraquinonecarboxylic acid, 666 
Nitroanthrone, 650, 653 
Nitroazobenzene, 137, 141, 244 
Nitroazoxybenzene, 69 ,136 
Nitrobenzal chloride, 78, 275, 636, 662 
Nitrobenzaldehyde, 60, 78, 261 /., 276, 
276, 277, 320, 331, 346, 400, 406, 460, 
467, 486, 613, 618, 626 ff., 533, 636, 
539, 643,671, 703 

Nitrobenzaldehydesulphonic acid, 661 
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Nitrobenzaidivanillin, 543 
Nitroben£ald6xinie, 275 
Nitrobenzalphthalide, 569 
Nitrobenzanthrone, 698 
Nitrobenzazide, 303 

Nitrobenzene, 34,58jf., 60, 66Jf., 68.70#., 
72, 75 82 #., 86, 102, 107, 114, 

120, 134, 136 141, 200, 343, 499, 

511, 663 

Nitrobenzeneazoaminobenzene, 142 
Nitrobenzeneseleninic acid, 181 
Nitrobenzenesulphinic acid, 121, 18t 
Nitrobenzenesulphonic acid, 177, 180, 
332 

Nitrobenzenesulphonyl chloride, 181 
Nitrobenzenylnitrosazone, 312 
Nitrobenzidine, 498 
Nitrobenzimidomethyl ether, 319 
Nitrobenzoic acid, 185, 261, 318, 319 
331 #., 384, 468, 498, 507 
Nitrobenzonitrile, 306, 319, 322, 363, 
424 

Nitrobenzophcnone, 517 
Nitrobenzophenone chloride, 530 
Nitrobenzoylacetic acid. 431, 480 
Nitrobonzoylacetoacetic ester, 285, 431, 

m 

Nitrobonzoylacetone, 409 
Nitrobenzoylanthranilic acid, 323 
Nitrobenzoyl chloride, 319, 329, 405, 
424, 437 

Nitrobenzoyl cyanide, 424 
Nitrobenzoyldiazomethane, 426 
Nitrobeiizoylformaldehyde, 407 
Nitrobenzoylformic acid, 424 ff. 
Nitrobenzoylmalonic ester, 437 
Nitrobenzylacetoacetic ester, 431 
Nitrobenzyl alcohol, 361 ff., 275, 279, 
511 

Nitrobenzylamine, 262, 263 ff. 
Nitrobenzyianiline, 263, 278 
Nitrobenzyl bromide, 261 
Nitrobcnzylcarbaminethiolic acid, 262 
Nitrobenzyl chloride, 261, 275, 319, 431. 
511, 559 

Nitrobenzyl cyanide, 306, 320, 559 
Nitrobenzylformamide, 263 
Nitrobenzylideneacetone, 460 
Nitrobenzylideneaniline, 320 
Nitrobenzylidenemalonic acid, 488 
Nitrobenzylmalonic acid, 320, 330, 434 
Nitrobenzyl mercaptan, 262 
Nitrobenzylnitrobcnzene, 511 
Nitrobenzylphcnylnitrosamine, 263 
Nitrobenzylphthalimide, 263 
Nitrobenzyl thiocyanate, 262 
Nitrobromobenzaldehyde, 276 
Nitrobromobenzene, 62, 104 
Nitrobromocresol, 342 
Nitrobromodurene, 65 
Nitrobromohydrocinnamic acid, 418 
Nitrooatechol, 220 
Nitroohlorobenzaldehyde, 276 


Nitrochlorobenzene, 62, 183 
Nitrochlorobenzoic acid, 319 
Nitrochlorocresol, 342 
Nitrochloromethylphthalide, 610 
Nitrochlorophenol, 220 
Nitrochlorostyrene, 445 
Nitrochlorotoluquinone, 342 
Nitrocinnamic acid, 276, 319, 445, 467, 
476, 479 

Nitrocinnamic aldehyde, 403, 458 
Nitrocinnamoylformic acid, 486 
Nitrocinnamylideneacetaldehyde, 459 
Nitrocinnamylideneacetone, 481 
Nitrococcic acid, 363 
Nitrocoumaric acid, 473, 476 ff. 
Nitrocoumarin, 476, 487 
Nitrocoumarinic acid, 474 ff., 475 
Nitrocoumarinic acid methyl ether, 476 
Nitrocoumarone, 364, 427 
Nitrocresol, 29, 59, 65, 202 
Nitrocumenylacrylic acid, 469 
Nitrocuminic aldehyde, 190 
Nitrocymene, 65 
Nitrodesoxybenzoin, 563 
Nitrodiaminodiphenyl, 497, 498 
Nitrodiaminodiphenylmethane, 536 
Nitrodiaminotriphenylmethane, 527, 636 
Nitrodiazoacetophenone, 60 ,443 
Nitrodiazobenzene cyanide, 121 
Nitrodiazobenzene methyl ether, 120 
I Nitrodibenzanthracene, 704 
Nitrodibromobenzene, 63 
Nitrodibromocresol, 342 
Nitrodibromohydrocinnamic acid, 420, 

480 

Nitrodichlorohydrocinnamic acid, 468 
Nitrodihydroxyquinone, 233 
Nitrodi hydroxyqninonesnlphonic acid, 
240 

Nitrodimethoxybenzoic acid, 391 
Nitrodimethoxyhenzophenone, 517 
Nitrodimethoxycinnamic acid, 382 
Nitrodimethylaniline,82#., 107,143,245, 
553 

Nitrodiphenic acid, 606, 676 
Nitrodiphenyl, 120, 4’^^ 
Nitrodiphenylamine, 104 #•» 107 
Nitrodiphenylmethane, 611 
Nitrodiphenyl sulphone, 183 
Nitrodurene, 256 
Nitroethoxybenzonitrile, 61 
Nitroethylbenzene, 499 
Nitrofluorane, 648 
Nitrofluorene, 679, 681 
Nitrofluorenesulphonic acid, 679 
Nitrofluorenone, 681 
Nitroformaldehydephenylhydrazone, 162 
Nitroformazyl, 163 
Nitroformylphonylhydrazide, 148 
Nitrogen, asymmetric, penvalent, 82 
83,150, 258 
Nitroguaiacol, 219 
Nitrohomophthalic acid, 394* ^^1 
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Nitroliydranthranol, 649 
Nitrohydr azobenzene, 145 
Nitrohydrindene, 596 
Nitrohydrindone, 599 
Nitrohydrocinnamic acid, 330 
Nitrohydroquinone, 227 
Nitrohydroxybenzyl alcohol, 337 
Nitrohydroxydiphcnyl, 502 
Nitrohydroxyhydroqiunone, 232 
Nitrohydroxyisophthalic acid, 391 
Nitrohydroxyphenylacetic acid, 364 
Nitrohydroxystilbene, 561 
Nitroindene, 594 
Nitroiodobenzene, 104 
Nitroisophthalic acid, 390 
Nitromalachite green, 555, 537 
Nilromalonaldehyde, 364 
Nitromandelic acid, 424 
Nitromandelic nitrile, 411 
Nitromesitylene, 65 
Nitromethoxyanthraqninone, 663 
Nitromethoxybenzaldehyde, 346 
Nitromethoxyciunamic acid, 476 
Nitromethylaniline, 112 
Nitromethylcinnamic aldehyde, 591 
Nitromethylenephthalide, 482 
Nitromethylmoconino, 381 
Nitromethylumbelliferono, 477 
Nitronaphthalene, 377, 385, 004 ff,, 
609, 5/4. 616/., 032 
Nitronaphthalenedisulphonic acid, 632 
Nitronaphthalenesulphonic acid, 619 
Nitronaphthaquinone, 610, 031 
Nitronaphthoic acid, 555, 637 
Nitronaphthol, 616, 623 
Nitronaphthsultam, 620 
Nitronaphthylamine, 614, 616 /., 623, 
, 635 

Nitronaphthylcinnamic acid, 693 
Nitrones, 68, 260 
Nitronic acid, 199 
Nitronitrosobenzoic acid, 277, 320 
Nitronitrosomethylaniline, 150 / 
Nitronitrosonaphthol, 614, 032 
Nitronitrosotoluene, 67 
Nitroopianic acid, 382 
Nitrodxanilic acid, 100 
Nitropentamethylbenzene, 65 
Nitroperylene, 701 
Nitrophenacylcarboxylic acid, 482 
Nitrophenanthraquinone, 500, 676 
Nitrophenanthrene, 650, 672 
Nitrophenanthrenehydroquinone, 673 
Nitrophenol, 25, 59, 61. 72. 104, 199 
223, 227 

Nitrophenylacetic acid, 319, 550, 330 
Nitrophenylacetophenono, 504 
Nitrophenylacetylene, 286, 447, 480, 582 
Nitrophenylalanine, 415 
Nitrophenyl azide, 67, 132 
Nitrophenylazobutadiene, 138 
Nitrophenylazoformhydroxamic acid, 138 
Nitrophenylbenzaldehyde, 504 


Nitrophenylbenzoic acid, 504 
Nitrophenylboric acid, 169 
Nitrophenylbromolactic acid, 4^0, 445 
Nitrophenylchlorohydracrylic acid, 420 
Nitrophenylchlorohydroxypropionic acid 
421 

Nitrophenylchlorolactic acid, 420 
Nitrophenyldiazomercaptoanhydrosul- 
phide, 120 

Nitrophenyldiazonitrophenylsulphone, 

121 

Nitrophenyldiazoniuin chloride, 120 
Nitrophenyldiazoniumnitrobenzonesul- 
phinate, 121 

Nitrophenyidiazoniumsulphonic acid, 121 
Nitrophenyldibromopropionic acid, 480 
Nitrophenylenediamine, 107 
Nitrophenyl ether, 200 
Nitrophenylethyl alcohol, 261 
Nitrophenylethylamine, 261, 337 
Nitrophenylethylcne oxide, 60, 321, 400^ 

405 

Nitrophenylglutaric acid, 435 
Nitrophenylglyceric acid, 420 
Nitrophenylglycidic acid, 420, 4^/ 
Nitrophenylglycinc, 91 
Nitrophonylglyoxylic acid, 4^4. 426 
Nitrophenylguanidine, 103 
Nitrophenylhydracrylic acid (-lactone), 
418 

Nitrophenylhydracrylic aldehyde, 276, 
403, 406, 418, 458 

Nitrophenylhydracrylic ketone, 60,276, 

406 

Nitrophenylhydrazine, 120, /45, 155, 244 
Nitrophenylhydrazinedisulphonic acid. 
121, 147, 165 

Nitrophenylhydroxylamine, 69 
Nitruphenylisonitiosoacetic acid, 330 
Nitrophonyllactic acid, 415 
Nitrophenylmethylnitrosaraine, 121 
Nitrophenylmethyl sulphide, 216 
Nitrophenylnaphthalene, 613 
Nitrophenyl ni tramine ,112 
Nitrophenylnitroarrylic acid, 415, 408 
Nitrophenylnitromethane, 250 
Nitrophenylnitrosamine sodium, 613 
Nitrophenylphenylcinnamic acid, 596 
Nitrophenylpropiolic acid, 60, 286, 447, 
480 

Nitrophenyl pyruvic acid, 428 
Nitrophenylselenic acid, 177 
Nitrophenylsulphenic acid, 182 
Nitrophenyl sulphide, 217 
Nitrophenyl sulphochloride, 182 
Nitrophenyl thiourea, 103 
Nitrophenyltolyl, 59, 504 
Nitrophenylurea, 103 
Nitrophthalic acid, 889, 604 /., 614, 664 
Nitrophthalide, 377 
Nitrophthalimide, 327 
Nitrophthalyl chloride, 389 
Nitropiperonal, 349 
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Nitroprotocatochualdehyde» 349 | 

Nitropseudobutylbenzene, 65 
Nitropseudocumene, 65 
Nitropyrogallol, 230 
Nitroresorcinol, 223 
Nitrosafrol, 463 
Nitrosalicylaldehyde, 346 
Nitrosalicylic acid, 362 
Nitrosalicyloyl chloride, 357 
Nitrosoacetanilide, 70, 105, 111, 114, 
147 

N i trosoace ty Iphony 1 by d razi n o, 165 
Nitrosoaniline, 105, 110 
Nitrosoanilmopiopionir acid, 166 
Nitrosoanthrol, 650 
Nitrosobenzaldehyde, 277 
Nitrosohenzanilide, 120, 320 
Nitrosobenzene, 5<S, 66, 67, 68, 70 Jf., 
77. 82. 100. Ill, 120. 125, 131, 133. 
136 ff., 142, 170, 262, 633 
NitrosobenzeiieHiilphonic acid, 177 
Nitrosobenzoic acid, 276 ff., 320 ff. 
Nitrosobenzoyl carbinol, 60, 321, 400, 405 
Nitroaobenzylacct amide, 250 
Nitrosobenzyl alcohol, 60, 63, 26J, 278 
Nitroaobenzylhydrazine, 259 
Nitroaobenzyhircthane, 260 
Nitrosocinnamic acid, 468 
Nitrofiodibenzylamine, 257, 259 
Nitrosodiethylphenylhydrazine, 165 
Nitrosodiinethylanilinc, 82, 105, 107, 135, 
248, 277, 279, 427, 600 
Nitrosodiphenylamine, 105, 107, 247 
Nitrosodiphenylhydroxylamine, 66, 70 
Nitrosodiphenyluroa, 111 
Nitrosoethylaniline, 105 
Nitrosoformanilido, 111 
Nitrosoformylphenylhydrazine, 165 
Nitrosohydroxydiphenyl, 502 
Nitrosohydroxylaniinobenzaldehyde, 277 
Nitrosohydroxylaminobenzophenoiie, 518 
Nitrosomandelic Ditrile, 426 
Nitrosomesitylone, 66, 67 
Nitroeomethylaniline, 105, 110 
Nitrosomethylanthranilic acid, 325, 361 
Nitrosomethylethylaniline, 105 
Nitrosomethyltoluidine, 325 
Nitrosonaphthalene, 615 
Nitroaonaphthol, 484, 609, 614, 621 ff., 
632, 636 

Nitrosonaphtholdisulphonic acid, 632 
Nitrosonitrobenzene, 61, 67 ,137 
Nitroso5rcinol, 225 

Nitrosophenol, 105 ff., 200, 202 ff., 223, 
233#., 241, 244 247, 507 

Nitrosophenylarsonic acid, 169 
Nitrosophenylenediamine, 106 
Nitrosophenylglycine,PO, 111 
Nitrosophenylglycine ester, 156 
Nitrosophenylhydrazine, 163 
NitroBophenylhydroxylamino, 69, 70,111, 
120 

Nitroaophenylsemicarbazide, 165 


NitrosophJorogiucinol methyl ether, 231 
Nitrosophthalimidiiie, 376 
Nitrosoresorcinol, 223 
Nitrososalicylic acid, 361 
Nitrosothymol, 242 
Nitrosotolucne, 66, 67 
Nitrosotriphenylamine, 105 
Nitrosoxylene, 67 
Nitrostilbene, 560 

Nitrostyrene, 267, 398, 418, 444* 449 
Nitrostyryl phenyl ketone. 460 
Nitrosnlphosalicylic acid. 362 
Nitroterephthalic acid, 392 
Nitrotetraline, 642 
Nitrotctramethylljenzenc, 65 
Nitrotetraphenylhydrazine, I 46 
Nitrothiocyanoanisole, 228 
Nitrotoliiene, 43, 59 ff., 63, 64* 78 ff., 
261, 275, 278 ff., 318. 320 ff., 327, 331, 
499 

Nitrotoluencsulphonic arid, 177, 327, 561 

Nitrotoluidino, 65 

Nitrotolunitrile, 389 

Nitrotolyl ether, 428 

Nitro triphenyl amine, 104 

Nitrotriphenylcarbinol, 630 

Nitrotriphenylmethane, 526 

Nitro tyrosine, 417 

Nitrous acid, test for, 618 

Nitroxylene, 64 * 390 

Nitroxylidine, 112 

Nitroxylylnitramine, 112 

Nitrovanillin, 349 

Noradrenaline, 402 

Norephedrine, 401 

Norhemipinic acid, 389 

Normetahemipinic acid, 390 

Noropianic acid, 381 

Nosophen, 547 

Novocaine, 329 

Nutmeg oil, 453, 454 

O 

Octachloroacetylacetone, 32 
Octachloroanthraquiuone, 658 
Octachlorophenanthrene, 672 
Octadecylbenzene, 48 
Octahydrindene, 614 
Octahydroanthracene, 396, 441, 655 
Octahydroan4hraquinone, 657 
Octahydrochrysene, 694 
Octahydrodiketophenanthrene. 669 
Octahydroperylene, 701 
Octahydrophonanthreius 670, 675 
Octal!threne, 676 
Octhracene, 655 
Octhracenone, 657 
Octylbenzene, 48 
Oenanthol, 458 
Oil of carnation, 297 
of mirbane, 60 
I of orange blossom, 322 

I of Tuberosa flowers, 322 
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Olderdandia umbellata, 633 
Olivetol, 226 

Opianio acid, 347, 377, 379 881^ 

38$, 389, 439, 670, 665 
Opianic oxime anhydride, 379 
Opianoximic acid, 381 
Opiazone, 381 
Opium, 377 
Orange III. IV. 179 
Orange blossom oil, 322 
Orcacetophenone, 352 
Orcein, 225 
Orcinaurine, 543 

Orcinol, 20. 230, 350, 352, 367. 369, 

477, 540, 629 
/^-Orcinol, 224 

Orcinolcarboxylic acid, 224, 368 
Orcinoldialdehyde, 375 
Orcinolphlhalein, 550 
Orcylaldchyde, 360, 367 
Oreosolone, 483 
Origanum hirtum, 190 
Orseille, 225 
Orsellic acid, 367, 368 
Orsellinic acid, 367, 368- 
Orthanilic acid, 178, 333 
Orthobenzoic acid piperidide, 317 
Ortholeucoaniline, 627 
Orthophosphoric anilide, 86 
Orthosilicobenzoic acid, 169 
Orthrin, 291 
Osthole, 477 
Ostruthin, 477 
Ostruthole, 483 
Ovalbumin, 414 
Oxalophenylhydrazide, 160 
Oxalophen 3 dhydrazilic acid, 160 
Oxalylanthranilic nitrile acid, 325 
Oxalyl benzyl ketone, 576 
Oxalyldiacetophenone, 689 
Oxalyl dibenzyl ketone, 685 
Oxanilio acid, 100 ,160 
Oxanilic chloride, 100 
Oxanilic diphenylamidine, 100 
Oxanilic nitrile, 100 
Oxanilic thioamide, 100 
Oxanilide, 97. 100, 160^ 567 
Oxanthrone, 664* 665, 657 
Oxazine dyes, 105, 248, 630 
Oxazolone, 267, 301, 416 
Oxidation, intramolecular, 60 
Oxidation levels, exchange, 456 
OxizDidodihydrophenotriazine, 332 
Oximidodiphenylurea, 95, 97 
Oximinophenylpropionic acid. 428 
Oxindigo, 427 

Oxindole, 330, 364, 412, 669 
Oxodihydrocoumarin, 428 
Oxohydroxydihydronaphthalene, 627 
Oxohydroxytetrahydronaphthalenesul* 
phonic acid, 627 
Oxonium salts, 192 
Oxyphosphazobenzene anilide, 86 


Oxythionaphthene, 364 
Ozonides, 41 

‘ P 

Paeonia Moutan, 352 
Paeonin, 642 
Paeonol, 352 
Palmitoylbenzene, 284 
Papaverine, 219, 390 
Parachor, 234 
Paracote oil, 452 
Paraffin, 36, 219 

Parafuchsin. See Pararosaniline. 
Paraleucoanilino, 527, 531, 635, 536 
Paramandelic acid, 410 
Paramide, 397 
Paranthracene, 648 
Parapyruvic acid, 391 
Pararosaniline, 512, 527, 530, 533, 636, 
538, 542 Jf. 

Pararosaniline chloride, 630 
Pararosolic acid, 542. See also Aurine, 
Parmclia species, 368 
Parsley apiole, 454 
Parsley apiolic acid, 232 
Parsley isoapiole, 351,455 
Parsley seed oil, 455 
Patent blue, 533 
Paxillus airotomentoaus, 508 
Pechmann dye, 487 
Pelargonidin, 478 
Penicillium glaucum, 410 
Penlabromoaniline, 102 
Pentabromobenzene, 51 
Pentabromocresol, 342 
Pentabromoethjdphenol, 339 
Pentabromophenol, 198 
Pentabromotoluene, 56 
Pentabromotoluquinol, 342 
Pentacene, 696, 70$ 

Pentacenediquinone, 702 ff. 
Pentaccnequinone, 702 
Pontachloroaniline, 102 
Pentachlorobenzene, 60 
Pentachloroglutaric acid, 31 
Pentachloronaphthalene, 614 
Pentachloroorcinol, 225 
Pentachlorophenol, 198, 238 
Pentachlororesorcinol, 31 
Pentachloroxylone, 379, 381 
Pentadecenyldihydroxybenzene, 452 
Pentadecylcatechol, 221 
Pentaethylbonzene, 42, 46, 4S 
Pentahydroxyanthraquinone, 665 
Pentahydroxybenzene, 230, $33 
Pentaiodobenzene, 62 
Pentamethylaniline, 74 
Pentamethylbenzene, 36, 40, 42, 46, 47, 
293, 397 

Pen tame thylbenzoio acid, 293 
Pentamethyldiphenylmethane, 611 
Pentamethylgalloylgallic acid, 371 
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Pentamethylparaleucaniline, 537 
Pentamethylphenol, 191 
Pentamethyltriaminotriphenylmethane, 
637 

Pentamethyl violet, 537 
Pentaminobenzeno, 110 
Pentaminotoluene, 110 
Pantane, 36 
Pentanitraniline, 103 
Pontanitrodiphenylamine, 104 ff. 
Pentaphenylbonzene, 510 
Pentaphenylchromium bromide, 171 
Pentaphenylchromium hydroxitle, 171 
Pentaphenylethane, 675 
Pentaphenylguanidine, 97 
Pentaphenylpyridine, 588 
Pentene, 36 

Pentyleneditoluidine, 83 
Peppermint oil, 293 
Perbenzoic acid, 273, 298^ 200, 399 
Perbromobenzene, 25, 61 
Perchlorination, 26 
Perchloroacctylacrylic chloride, 31 
Perchloroacroylacrylic acid, 31 
Perchlorobenzeno, 25, 5/, 611 
Perchlorodiphenyl, 496 
Perchloroindone, 596 
Perchloronaphthalene, 614 
Perchlorovinylacrylic acid, 30 
Percinnamic acid, 465 
Perhydrodiphenyl, 494 
Pcrhydrofluoranthene, 600 
Perhydrofluorcne, 678 
Perhydrophenanthrene, 675 
Perhydrotriphcnylciie, 700 
Perkin synthesis, 268, 295, 4G2 ff., 467, 
472, 476 ff., 483 ff., 491, 635 
Pornigianiljne, 247 
Peroxide formula for quinono, 234 
Persio, 225 

Peru balsam, 251, 200, 207, 347, 464 
Poryleno, 638, 009, 700, 706 
Perylenedicarboxylic acid, 701 
Perylenediphthaloyl acid, 701 
Perylenediquinone, 701 
Perylenedisulphonic acid, 701 
Perylencphthaloyl acid, 701 
Perylenequinone, 701 
Peryleiiesulphonic acid, 701 
Petroleum, 37, 612 
Petroaelinum sativum, 455 
Peucedanine, 483 

Phenacotyl. See also Phenylaceiyl. 
Phenacetylaminohydrooinnamic acid, 428 
Phenacetylcarbinol, 406 
Phenacetyl chloride, 433, 437 
Phenacetyllactic acid, 433 
Phenacotylmalonic ester, 437, 606 
Phenacetylphenylalanine, 4^4* 428 
Phenacetylsalicylic acid, 485 
Phenacotyl semicarbazide, 303 
Phenacylacetone, 409 
Phenacylazocarboxylamide, 405 


Phenacylbenzoylacetic ester, 431, 583, 
686 

Phenacyl benzyl ketone, 583 
Phenacyl chloride, 404, 444 
Phenacylcinnamic acid, 685 
Phenacyldiacetylmethane, 409 
Phenacylhydrocinnamic acid, 585 
Phenacyl iodide, 404, 

Phenacyllevulinic acid, 434 
Phenacyl mercaptan, 404 
Phenacylmethylethylsulphinium bromide, 
404 

Phenacyl phthalido, 579 
Phenacylsuccinic acid, 5S8 
Phenaline, 640 

Phenanthraquinone, 109, 234, 504, 605, 
593, 617, 631, 656, 671, 076, 076 ff. 
Phenanthraquinone oxime, 673, 075 
Phenanthraquinone oxime dimethyl ace¬ 
tal, 673 

Phenanthraquinone reaction, 33 
Phonanthraquinonesulphonic acid, 676 
Phenanthrenc, 34, 37 ff., 223, 505, 659, 
560, 590, 647, 668 ff., 071, 683. 693, 704 
Phenanthrenealdehyde, 674 
Phenanthrenecarboxylic acid, 571, 669, 
673, 674 

Phenanthrene dibromide, 672 
Phenanthrene dichioride, 672 
Phenanthrenediquinone, 676 
Phenanthrenehy<lroquinone, 506, 673, 676 
Phenanthrenesulphonic acid, 673 
Phenanthrenetetracarboxylic acid, 701 
Phenanthrenc thiol, 673 
Phenanthridine, 36 
Phenanthridone, 505 ff., 681 
Phenanthroacenaphthene, 692 
Phcnanthroanthracene, 707 
Phenanthrol, 673 
Phenanthrolaldehyde, 674 ff. 
Phcnanthrolcarboxylic acid, 674 
Phenanthrone, 673, 676 
Phenanthrophenanthrene, 707 
Phenanthroyl chloride, 707 
Phenanthrylamine, 673 
Phenanthrylbutyric acid, 696 
Phcnanthrylenemethano, 36 
Phenazine, 108 ff., 220, 331 
Phenazine oxide, 77 
Phenazone, 496 
Phenazone oxide, 496 
Phenazylazocyanide, 405 
Phendiole. See Dihydroxyhenzene. 
Phenethyl-. See also PhenyhthyU. 

PhenethylacetyJene, 447 
Phenethyl cyanide, 294 
Phenethylfumaric acid, 489 
Phcnethylidenepyrotartaric acid, 490 
Phenethylitaconic acid, 490 
Phenethylmaleio acid, 489 
Phenetole, 122, 193, 346 
Phenetolesulphonic acid, 212 
Phenol. 29 ff., 34. 35 ff., 85 ff., 116, 128, 
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130, 168, 187, 218, 219, 228, 238, 241, 
244, 246, 336, 346, 443, 449. 472, 474. 
489, 600, 602, 612, 520 ff., 639 ff., 542 
645, 647^., 652. 666#., 661#., 661 
group, protected, 367 
Phenolacetal, 194 
Phenolbenzein, 540 
Phenol blue, 246, 246, 248 
Phenoloarhoxyiic acid, 185. See alHO 
Hydroxybenzoic acid and Salicylic add. 
Phenolcoumarein, 474 
Phenol ethers, estimation, 192 
Phenol formaldehyde condensation, 186 
Phenolnaphthalein, 637 
Phenolphenylethane, 563, 556 
Phenolphthalein, 543, 546, 547, 550 
Phenolphthalein anhydride, 546 ,547 
Phenolphthalein anilide, 547 
Phenolphthalein dimethyl ether, 647 
Phenolphthalein methyl ester, 547 
Phenolphthalein methyl other, 547 
Phenolphthalein oxime, 547 
Phenolphthalol, 543 

Phenolsulphonic acid, 176, 179, 212, 213, 
219, 222, 235 

Phenolsulphonphthaloin, 547 
Phenomethyldihydrotetrazine, 150 
Phenonitroacetonitrilo, 256, 4i^ 
Phenoquinone, 237 
Phenotriazine, 150, 164 
Phenoxazine, 220, 221 
Phenoxyacetaldohyde, 194 
Phenoxyacetic acid, 194, 484 
Phenoxyacetoacetic ester, 194 
Phenoxyacetone, 194, 460 
Phenoxyacetylene, 193 
Phenoxybenzoic acid, 357 
Phenoxybutylamine, 194 
Phenoxy butyric acid, 194 
Phenoxycinnamic acid, 456, 460, 4^4 
Phenoxydiphenylphosphine, 167 
Phenoxyethylamine, 194 
Phenoxyfumaric acid, 194 
PhenoxsTphenanthrenehydroquinone, 676 
Phenoxyphosphazobenzene, 86 
Phenoxypropine, 193 
Phenoxypropylamine, 194 
Phenoxystyrene, 484 
Phenylacetaldehyde, 44, 254, 258, 269, 
399 #., 414 #.. 419 #.. 444, 455, 458, 
467,469,609,576, 607 
Phenylacetamidine, 90 
Phenyl acetate, 196, 491 
Phenylacethydroxamic acid, 313 
Phenylacetic acid, 256 #., 269, 287 #., 
292, 293, 297, 306, 313, 320, 410, 412#., 
421, 428. 434, 437, 471, 476, 484, 558, 
659 #., 569, 676, 680 #.. 596 
Phenylacetic anhydride, 299 
Phenylacetic azide, 303 
Phenylacetic carboxylic acid. See Homo-, 
iso-y phthalic add. 

Phenylacetoacetic ester, 4^1, 433 


Phenylacetone, 285, 286, 398, 408, 571, 
682 

Phenylacetonitrile, 294, 306, 572 
Phenylacetophenone, 504 #. 
PhenylacotoBUccinic acid, 432, 435, 437, 
438 

Phenylacetyl-. See also PhenacetyU. 
Phenylacetylacetoacetic ester, 409 
Phenylacetylacetone, 409 
Phenylacetylbutyric acid, 432 
Phenylacetylcarbinol, 402, 403, 406, 408 
Phenylacetyl chloride, 297 
Phcnylacetylcrotonolactonc, 434, 467 
Phenylacetylene, 281, 283, 443, 446 #., 
456, 467, 461, 478 #., 609, 581 
Phenylacetylene alcohol, 457 
Phenylacetylcnedimethylcarbinol, 457 
Phenylacetylene magnesium halide, 479 
Phenylacetylenometh5^1carbinol, 457 
Phenylacetylenephenylcarbinol, 579 
Phenylacotylthiourea, 94 
Phenylacridine, 532 
Phenylacrolein, 457 

Phenylacrylic acid. See Atropic acid and 
Cinnamic acid. 

Phenylalanine, 91, 414 
Phenylalanylglycine, 415 
Phenylalanylphenylalanine, 416 
Phenyl allophanate, 196 
Phenylallophanic acid, 93 
Phenylallyl alcohol, 456, 484 
Phenylallylene, 446, 44^ 

Phenyl allyl ether, 193, 450 
Phenylallylmalonic acid, 471, 460 
Phenylamine. See Aniline. 
Phenylaminoacetic acid, 257, 412 
Phenylaminoazobenzcncsulphonic acid, 
179 #. 

Phenylaminobutane, 460 
Phenylaminobutanol, 402 
Phenylaminobutene, 460 
Phenylaminobutyric acid, 418 
Phenylaminocinnamic acid, 571 
Phenylaminohydracrylic acid, 420 
Phenylaminohydroeinnamic acid, 570 
Phenylaminolactic acid, 420, 564 #. 
Phenylaminopentanol, 402 
Phenylaminopropionic acid, 414* 436 
Phenylaminopropionitrile, 416 
Phenylangelic acid, 469 #. 
Phenylanthracene, 649, 653 
Phenylanthramine, 650 
Phenylanthranil, 518 
Phenylanthranilic acid, 326, 327, 360 
Phenylanthranilic formalide, 326 
Phenylanthranilidoacelic acid. 327 
Phenylarithranol, 663 
Phenylanthraquinone, 385 
Phenylanthrone, 643, 653 
Phenylarsine dichloride, 168 
Phenylarsino sulphide, 168 
Phenylarsonic acid, 168 
Phenylasparaginanilic acid, 101 
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Phenyla*ide, 116, 128, 132, 158, 164, 170 
Phenylaaimide oxide, 138 
PhenylazimiDobenzene, 135 
Phenylaznitrosobenzene, 135 
Phenylazoacetaldoxime, 163 
Phenylazobenzaldoidme, 311 
Phenylazobenzoylacotone, 409 
Phenylazooar boxy] amide, 121, 132, 13H 
Phonylazocarboxylanilide, 138 
Phenylazocarboxylic acid, 122 
PhenylazocarboxyJic nitrile, 121 
Phenylazoformaldoximc, 163 
Phenylazoformazy], 164 
Phenylazoformhydroxamic acid, 13S 
Phenylazonaphthol ether, 625 
Phenylazonitro acid, 162 
Phenylazonitrobenzaldoxime, 312 
Phenylazoxycarboxylic amide, 121 
Phenylbehenic acid, 296 
Phenylbenzalcrotonolactonc, 585 
Phenylbenzaldehyde, 503 
Phenylbenzaldoxime, 274 
Phenylbonzalsultim, 516, 530 
Phenylbenzamide, 300 
Phenylbenzamidine, 310 
Phenylbenzanthrone, 698 
Phenylbenzene, 493. See also Dipheni/L 
Phenylbenzonesulx)hazide, 147, 155, 175 
Phenylbenzhydrylamine, 518, 526 
Phonylbenzhy d rylbenzof ul vene, 594 
Phenylbenzhydrylbenzoic acid, 524 
Phenyl benzidine, 149 
Phenylbenzil, 568 
Phenylbenzimidazolo, 309 
Phenylbenzodioxan, 335 
Phenyl ben zofluorene, 684 
Phenylbonzofulvenc, 594 
Phenyl benzoic acid, 497, 504, 681 
Phenyl benzoin, 573 
Phenylbenzoquinone, 501 ff. 
Phenylbenzothiazole, 301, 309 
Phenylbenzotriazine, 312 
Phenylbenzoxazole, 308 
Phonylbenzoylbenzoic acid, 385, 524 
Phenylbenzoylbutyric acid, 580 
Phenylbenzoylpropionic acid, 580 
Phenylbenzoylpyridine, 484 
Phenylbenzoylurea, 567 
Phenylbenzylbenzoic acid, 524 
Phenylbenzylcrotonolactone, 585 
Phenylbenzylidenekel-obutyrolactone, 581 
Phenylbenzylketobutyrolactone, 581 
Phenylbiguanide, 97 
Phenylbiuret, 93 
Phenylboric acid, 169 
Phenylboron dibromide, 169 
Phenylboron dichloride, 169 
Phenylboron oxide, 169 
Phenylbromoacotic acid, 410, 41 4:38, 
572 

Phenylbromoacetylene, 447 
Phenylbromobutyric acid, 418, 469 
Phen^dbromoethyl ether, 193 


Phenylbromohydracrylic acid, 420 
Phenylbromohydroxypropionic acid, 420, 
421 

Phenylbromolactic acid, 4^0 ff. 
Phenylbromonitroethylene, 404 
Phenylbromoparaconic acid, 436 
Phenyl bromopropylene, 447 
Phenylbromote trahydronaphthoic acid, 
585, 605, 641, 645 
Phenyl bromovinyl ether, 193 
Phenyl butadiene, 446, 44^* 481 
Phenylbutadienedicarboxylic acid, 489 
Phenylbutanetricarboxylic acid, 438 
Phenylbutanol, 460 
Phenylbutanone, 282 
Phenyl butenyl ether, 193 
Phenylbutino, 447 
Phenylbutylacetylene, 447 
Phenylbutyl alcohol, 252 
Phenyl butylene, 605 
Phenylbutyleneglycol, 399 
Phenylbutylhydrazine, 111 
Phenylbutylnitrosamine, 111 
Phenylbutyraldehyde, 270 
Phenylbutyric acid, 290, 295, 435, 437, 
644 

Phenylbutyric carboxylic acid, 395 
PhenylbTityrolactone, 295, 41^, 432, 437, 
557 

Phenylbutyrolactoneacetic acid, 437 
Phenyl carbamate, 196 
Phenylcarbamic acid, 92, 

Phenylcarbamic azide, 94 
Phenylcarbamic hydrazide, 93 
Phenylcarbamic phenylhy dr azide, 158 
Phenylcarbamic Ihiomethyl ester, 94, 95 
Phenylcarbamyl bromide, 92 
Phenyl car bamyl chloride, 92 
Phenylcarbazinic acid, 157 ff, 
Phenylcarbazole, 36 
Phenylcarbinol. See Benzyl alcohol. 
Phenyl carbonate, 158, 196, 357 
Phenylcarbonic acid, 146, 196 
PhenyIcarboxyaconitic acid, 491 
Phenylcarboxylsuccinio acid, 438 
Phenylcarbylamine, 81, 90, 291, 305 jf. 
Phenylchloroacetic acid, 294, 410 ff., 41^> 
438 

Phenylchloroacetonitrile, 572 
Phenylchloroacetyl chloride, 287 
Phenylchloroacetylene, 447 
Phenyl chloroallyl ether, 193, 194 
Phenylchlorofiuorene, 679 
Phenylchloroform, 317 
Phenylchlorohydracrylic acid, 420 
Phenylchlorohydrox 3 rpropionic acid, 420, 
421 

Phenylchlorolactic acid, 269, 419, 4^0 ff., 
464 

PhenylohloropropiohyI chloride, 287 
Phenyl chlorothiocarbonate, 196 
Phenylcinnamaldehyde, 458 
Phenyl cinnamate, 197, 4^4 
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Phenyldnnamenylacrylic acid, 581, 684 
Phenylcinnamio acid, 667, 669, 560, 
671 ff., 574, 679, 588 
Phenylcinnamio nitrile, 306 
Phenylcitraoonic acid, 490 
Phenylcoumalin, 295, 4S6 
Phenylcoumarin, 571 
Phenylcrotonic acid, 290, 295, 470, 471 
Phenylcrotonolactone, 4^^f 4S4 
Phenylcyanacetic acid, 434 
Phenylcyanamide, 94, 96, 98 ff. 

Phenyl cyanate, 281, 314, 316, 566 
PhenylcyanomethyltriazoJe, 162 
Phenylcyanopropionic acid, 435 
Phenylcyanopyruvic acid, 428, 437 
Phenylcyanotetrazole, 162 
Phenylcyanotriazone, 129, 133 
Phonylcyclobutene, 448 
Phenylcyclohexane, 494 
Phenylcyclohexaiiecarboxylic acid, 504 
Phonylcyclohexyimethyllead bromide. 
173 

Phenyldianisylcarbinol, 540 
Phenyldianisylmethane, 540 
Phenyldiazomethane, 360, 559 
Phonyldiazonium acetate, 117 
Phenyldiazonium azide, 116 
Phenyldiazonium bromide, 116 
Phenyldiazonium carbonate, 117 
Phenyldiazonium chloride, 113, 116 
Phenyldiazonium cyanide, 131, 135, 161. 

See also Diazohemene cyanide, 
Phenyldiazonium fluoride, 116 
Phenyldiazonium nitrate, 114, 117 
Phenyldiazonium nitrite, 117 
Phenyldiazonium perchlorate, 117 
Phenyldiazonium sulphate, 117 
Phenyldiazoniumsulphonic acid, 124, 178 
ff- 

Phenyldiazotic acid. 111, 120. Sec also 
Phenyl nitramine. 
Phenyldibiphenylylcarbinol, 528 
Phenyldibromopropionic acid, 4^0, 464, 
466#. 

Phenyldichloropropionic acid, 430, 464, 
466 V 

Phenyldiethylphosphine, 166 
Phenyldihydroooumarin, 474 
Phenyldihydronaphthalene, 041 
Phenyldihydronaphthoic acid, 605, 643 
Phenyldihydrophenotriazine, 263 
Phenyldihydroquinazolone, 328 
Phenyldihydroresorcinol, 432, 494 
Phenyldihydroxynaphthalene, 600, 637, 
630 

Phenyldihydroxypyridine, 490 
Phenyl diimide, 119 
Phenyldike tohexahydrotriazine, 156 
Phenyldiketohydrindene, 569, 600 
Phenyldiketopiperazine, 161 
Phenyldlketopyrazolidine, 160, 161 
Phenyldimethylacetaldehyde, 282 
Phenyldimethylearbinol. 363, 279 


Phenyldimethylosotriazole, 154 
Phenyldimethylphosphine, 166 
Phenyldimethylpyrazole, 154 
Phenyldimethylp 5 a*imidine, 309 
Phenyldinitromethane, 271 
Phenyl diphenylcarbamate, 196 
Phenyldiphenylenecarbinol, 679 
Phenyldiphenylenedihydronaphthacene, 
603 

Phenyldiphenylenemethane, 679 
Phenyl diselenide, 176 
Phenyl disulphide, 181, 316, 222, 361 
Phenyldithiobiazolonc hydrosulphide, 159 
ff- 

Phenyldithiocarbamic acid ester, 94 ff-, 
98 

Phenyldithiocarba^inic acid, salts of, 
169 

Phenyldithiocarbazinic ester, 158 
Phenyldithiocarboiiic ester, 216 
Phcnyldithiourethiine, 94 
Phenyldithymolmethane, 539 
Phcnyleneacetic glycollactonic acid, 440 
Phenyleneacetic propionic acid, 395, 611, 
644 

Phenylenebenzamidine, 519 
Phenylenebisazophonylencdiamine, 143 
Pheuylencbisdiazoimide, 132 
Phenylenebisdiplienylcarbinol, 551 
Phenylcncbisdiphenylmethane, 551 
Phenylenebisnitroethylene, 445 
Phonylene blue, 248 
Phenylene brown, 109, 143 
Phenylenediacotic acid, 373, 383, 396, 
440, 593, 599, 609, 641, 643, 703 
Phenyleiiediacetonitrile, 593 
Phenylenediacetylene, 448 
Phenylenediacrylic acid, 484 
Phenylenediamine, 50, 61, 71, 73, 99, 
106 ff., 141 ff., 148, 235, 242 ff., 245 ff., 
272, 329, 390, 427, 433, 497, 631, 659 
Phenyl enediaminebisbenzenecarboxyJic 
acid, 326 

Phcnylenediaminosulphonic acid, 178, 
242 

Phenyloncdiazosulphide, 316, 222 
Phenylenediisobutyric acid, 395 
Phenylenedimethyl disulphide, 228 
Phenylencdimethyl disulphonc, 228 
Phenylenedimethyl disulphoxide, 228 
Phonylenediphenyl ketone, 524 
Phonylenedipropionic acid, 396, 441 
Phenylene disulphide, 228 
Phenyleneformamidine, 108 ff. 
Phenylenenaphthylenemcthnne, 683 
Phenylenenaphthylene oxide, 629 
Phenylene orthophosphate, 220 
Phenylenephenylguanidine, 188 ff. 
Phenylene phosphate, 220 
Phenylene phosphite, 220 
Phenylenepropionio acetic acid, S96, 611, 
644 
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Phenyleneurea, 108 ff. 
Fhenyleneurothane, 390 
Phenylethanetricarboxylic acid, 436, 4S8 
Phenyl other, 196, 495 
Phenylethinyldiphenylmethyl chloride, 
602 

Phenylethoxynitroethane, 445 
Phenylethyi-. See also PhenethyU. 
Phenylethylacetylene, 447 
Phenyl ethyl alcohol, ^52, 443 
Phenylethylamine, 267, 268, 410, 414, 
444 

Phenylethylanilino, 443 
Phenylethyi benzyl ketone, 582, 586 
Phenylethyi bromide, 264 , 337, 670 
Phenylethylcarbinol, 262, 258 ,559 
Phenylethyi chloride, 264 ,259 
Phenylethyi cyanide, 294 
Phenylethylcyclohexanol, 670 
Phenylethylene. See Styrene. 
Phenylethylenediamine, 83 
Phenylethylene ether, 194 
Phenylethyleneiodohydrin, 4 OO 
Phenylethylene oxide, 399 
Phenyl ethyl ether, 193 
Phenylethyi glycol, 270 
Phenylethylhydantoin, 93 
Phenylethylhydrazine, 259 
Phenylethylidenemalonic acid, 469 
Phenylethylindene, 683 
Phenylethylisopropylgermanium cation, 
172 

Phenyl ethyl ketone, 93,282,456, 583 
Phenylethylmagnesium halide, 294, 670 
Phenylethylmalonic ester, 434 
Phenylethylmethylamine, 258 
Phenylethyi mustard oil, 259 
Phenylethylnitrosamine, 111 
Phenylethyi propyl ether, 254 
Phcnylethylsemicarbazide, 565 
Phonylethylsuccinic acid, 436 
Phenylethyi sulphide, 216 
Phenylethyi sulphonc, 183 
Phenylfluorene, 679 ff. 

Phenylfluorenol, 679 
Phenylfluorenyl, 679 
Phenylfluorime, 540 
Phenylliuorone, 540 
Phenyl formate, 196 
Phony If ormic acid. See Benzoic acid, 
Phenylfuroxan, 407 
Phenylglutaconic acid, 479, 490 
Phenylglutaricr acid, 435 
Phenylglyceraldehyde, 403 
Phenylglyceric acid, 269, 404, 41^* 421 
Phenylglycerol, 399 
Phenylglycide ether, 194 
Phenylglycidic acid, 269, 419, 4^0, 428 
Phenylglycidic alcohol, 399, 406 
Phenyl glycine, 90, 91, 101 
Phenylglycinecarboxylic acid, 326 
Phenylglycocoll, 90, 410 
Phenylglycol, 262, S9S, 423, 607,613 


Phenylglycoiic acid, 409. See also Man- 
delic acid, 

Phenylgly coliodohydrin, 399, 4 OO 
Phenylglycuronic acid, 187 
Phenylglycylalanine, 413 
Phenylglycylglycine, 413 
Phenylglyoxal, 283, 286, 407 ff., 410 
Phenylglyoxal osazone, 403, 407 
Phenylglyoxime, 407, 424 
Phenylglyoxime peroxide, 407 
Phenylglyoxylic acid, 283, 285, 294, 404, 
413 ff., 4^2 

Phenylgold dichloride, 172 
Phenylguanazole, 160 
Phenylguanidine, 96 
Phenylheptatrienal, 469 
Phenyl heptyl ketone, 282 
Phenylhexadiene, 448 
Phenylhexahydrobenzoic acid, 504 
Phenylhomophthalimide, 394 
Phenylhydantoin, 93 
Phenylhydracrylic acid, 4I8, 417 ff., 420, 
464 

Phenylhydrazimethylenecarboxylic acid, 
424 

Phenylhydrazine. 110, 112, 120, 131, 
143, 146, 148, 157, 169 ff., 163 ff., 
231, 244 ff., 282, 300, 312, 324, 407, 
644, 566, 629. 631 

Phenylhydrazinedisulphonic acid. 111, 
147 

Phenylhydrazinesulphinic acid, 154 
Phenylhydrazinesulphonic acid, 121, 147, 
152, 180 

Phenylhydrazinoacetic acid, 153 ,166 
Phenylhydrazinobenzylmalonic ester, 436, 
488 

Phenylhydrazinobutyric acid, 156 
Phony Ihydrazinodicarboxylic acid, 168 
Phenylhydrazinoformic acid, 158 
Phenylhydrazinopropionic acid, 156 
Phcnylhydrazoacetaldoxime, 163 
Phenylhydrazobenzaldoxime, 311 
Phenylhydrazoformaldoxime, 163 
Phenylhydrindone, 556, 569, 592, 698 
Phenylhydrocarbostyril, 670 
Phenylhydrocinnamic acid, 670, 592, 598 
Phenylhydroxy ben zoic acid, 504 
Phenylhydroxybenzylbenzoic acid, 524 
Phenylhydroxybutyric acid, 418 
Phenylhydroxybutyrolaotone, 432 

Phenylhydroxycoumarin, 486 
Phenylhydroxycrotonic acid, 431, 484^ 
486 

Phenylhydroxyethylamine, 401 
Phenylhydroxyhydrindone, 598 
Phenylhydrox 3 indole, 320 
Phenylhydroxylamine, 59 ff., 66, 67 ff., 69, 
74, 76, 86, 90, 100, 114, 131, 133 ff„ 
134, 136, 144, 149, 380, 502, 536 
Phenylhydroxylthiourea, 96 
Phenylhydroz 3 durea, 93 
Phenylhydroxymaleic anhydride. 490 
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Phenylhydroxymaleinimide, 428 
Phenylhydroxynaphthaquinone, 613, 630 
Phenylhydrox 3 T)henylpropyl alcohol, 

678 

Phenylhydroxypyruvic acid, 433 
Phenylhydroxyquinoline, 328 
Phenyl hydroxystyryl ketone, 683 
Phenylhydroxysuccinic acid, 436 
Phenylhydroxythiophene, 432 
PhenylhydroxytriaKole, 168 
Phenylhydroxyurethane, 70 
Phenylhydroxyvaleric acid, 418 
Phenylimidazoline, 308 
Phenylimido-. See also Pheiiylimino-. 
Phenylimidocarbonyl chloride, 90, 9S 
Phenylimidoformyl chloride, 90 
Phenylimidoisoxazolone, 431 
Phenylimidodxalic dimethyl ester, 100 
Phenylimidophenylthiobiazoliiie, 96 
Phenylimidopropionitrile, 430 
Phenylimidothiocarboxylic acid ethers, 
94 

Phenylimino-. See also Phenylimido-. 
Phenyliminobenzoic acid, 616 
Phenyliminobenzophenonfe, 516 
Phenyliminobut 3 rric acid, 91 
Phenyliminobutyronitrile, 607,617 
Phenyliminoeyanobutyric acid, 607 
Phenylindazole, 262,277 
Phenylindene, 693 
Phenylindole, 406,563 
Pheiiylindone, 596 
Phenylindoneacetic acid, 657, 596 
Phenylindonepropionic acid, 590 
Phenylindoxazene, 613, 517-619 
Phenyl iodide, 49, 51, 62, 56, 82, 85, 170. 

See also lodobemene. 
Phenyliodoacetylene, 447 ff. 

Phenyliodo chloride, 52 
Phenyliodohydracrylic acid, 420 
Phenyliodolactic acid, 420 
Phenylisoamylcarbinol, 253 
Phenylisobutylcarbinol, 253 
Phenyl isobutyl ketone, 384, 296 
Phenylisobutylmethylcarbinol, 253 
Phenylisobutyric acid, 295 
Phenylisocrotonic acid, 469. See also 
Styrylacetic acid. 
Phenylisocrotonophenone, 683 
Phenylisocyanate, 92 ff., 97 ff., 99 ff., 
125, 129, 144, 168, 186, 224, 230, 
280, 289, 300, 309, 313, 315, 354, 393, 
666 . 

See also Carbanil. 

Phenylisocyanate dibromide, 97 
Phenyl isocyanide, 90, 98 ff. 

Phenyl isonitrile, 90, 98 ff. 
Phenylisonitromethane, 274 
Phenylisonitrosoacetic ester, 297, 434 
Phenylisophthalio acid, 505 
Phenylisopropenyl ether, 194 
Phenylisopropylamine, 267 
Phenylisopropylethyleneglycol, 399 


Phenyl isopropyl ketone, 384f 296 
Phenylisoserine, 420 
Phenylisosuccinic acid, 434 
Phenylisosulphide, 216 
Phenylisosulphone, 216 
Phenylisosulphoxide, 216 
Phenyl isotliiocyanate, 98 
Phenylisothiohydantoic acid, 96 
Phenylisothiohydantoin, 96 
Phenylisothiourea, 95 
Phenylisovaleric acid, 295 
Phenylisoxazole, 408, 430, 434, 461 
Phenylisoxazolone, 418, 430 
Phenylisuretine, 90 

Phenylitaconic acid, 436, 436 ff., 4^0, 
596 

Phenylitamalic acid, 436, 437 
Phenylketene, 287 
Phenylketenecar boxy lie ester, 429 
Phenylketohydroxybutyric acid, 4^3, 487 
Phenylketoparaconic acid, 438 
Phenylketotetrahydrotriazine, 156 
Phenyllactic acid, 269, 413, 414» 7^17, 420, 
436 

Phenyllactonitrile, 283, 415 
Phenyllevulinic acid, 432 
Phenyllithium, 170, 216, 256 
Phenyllutidonecarboxylic acid, 91 
Phenylmagnesium halide, 52, 67, 74, 86, 
98, 128, 133, 149, 166, 167, 169, 170, 
171 ff., 180 ff., 182, 216 ff., 250-254, 
269, 288, 299, 308, 317, 399, 400, 
411, 418, 446, 448, 466. 474, 493, 
609, 613, 515 ff., 524, 530, 539 ff., 
544, 551 ff., 555, 556, 557, 564, 673 ff., 
578, 682, 693, 696, 655, 679, 686 
Phenylmaleic acid, 489 
Phenylmalic acid, 433, 489 
Phenylraalonic acid, 294, 429, 454 . 437, 
489 

Phenylmosaconic acid, 490 
Phenylmetathiazine, 308 
Phenylmethoxybromopropaiie, 402 
Phenylmethoxyiiitioethane, 445 
Phenylmethylacetylene, 446 ff., 44^^ 
Phenylmcthylallyl alcohol, 456 
Phenylmethylamine, 71, 73, 78, 82 
Phenylmethylbutadiene, 448 
Phenylmethylbutylcarbinol, 253 
Phenylmothylcarbinol, 170, 249, 352, 280, 
283, 398 

Phenylmethylcoumarin, 674 
Phenylmethylcyanamide, 99 
Phenylmethylcyclohexanol, 494 
Phenylmethylcyclohexenone, 494 
Phenylmethylene ether, 194 
Phenylmethyl ether, 186, 193 
Phenylmethylethinylcarbinol, 467 
Phenylmethylethoxypyrazole, 157 
Phenylmethylethylene oxide, 270, 399 
Phenylmethylethylhydrazonium iodide, 
I 150 

1 Phenylmethylethylpropylsilicane, 169 
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Phenylmethylformhydrazidine, 162 
Phenylmethylfurfuran, 409 
Phenylmethylglutaric acid, 436 
Phenylmethylglycidic acid, 270 
PhenylmethylglycoJ, 270, 398 ,408 
Phenylmethylglyoxal, 398 
Phenylmethylglyoxime, 408 
Phenylmethylhydrazine, 110, 111, ISO, 
162, 632 

Phenylmethylhydroxypyrimidine, 309 
Phenylmethylisothiourea, 94, 95 
Phenylmethyl ketene, 287 
Phenyl methyl ketone. See Acetophenone. 
Phenylmethylnitramine, 110, 111, 11:^ 
Phenylmethylnitromethane, 256 
Phenyimethylnitrosamine, 110, ttl, 120 
Phenylmethylnonylcarbinol, 253 
Phenylmethyloxadiazolone, 156 
Phenylmethylpcntadiene. 448 
Phenylmethylphenylimidodxadiazoline, 
156 

Phenylmethylpropanolal, 403 
Phenylmethylpropyl alcohol, 252 
Phenylmethylpyrazole, 154 
Phenylmethylfjyrazolidone, 157 
Phenylmethylpyrazolone, 157 
Phenylmethylpyridazinone, 157 
Phenylmethylpyrrole, 409 
Phenylmethylquinazoline, 519 
Phenylmethylsuccinic acid, 435 
Phenylmethyl sulphide, 216 
Phenyl methylsulphonate, 195 
Phenylmethyl sulphone, 183 
Phenylmethyltetronic acid, 433 
Phenylmethylthiohydantoin, 95 
Phenylme thyl thioOxadi azoli 11 e, 156 
Phenylmethylthiophene, 409 
Phenylmothyltriazole, 163 
Phenylraethyltriazolone, 159 
Phenylmethyl triketone, 409 
Phenylmethyl trimethyleneglycol, 399 
Phenylmetoxazine, 308 
Phenyl migration. See Migration of 
phenyl groups. 

Phenyl mustard oil, 89 ff., 94 ff., 97 
98, 108, 144, 159, 298, 308 ff., 354 
Phenyl mustard oil acetic acid, 96 
Phenyl mustard oil hexasulphide, 99 
Phenylnaphthalene, 398, 607, 612, 694 
Phenylnaphthalenedicarboxylic acid, 479, 
686 , 606, 637, 684, 698 
Phenylnaphthalonehydroxyquinone, 440 
Phenylnaphthaquinone, 613 
Phenylnaphthoio acid, 635, 69^. 
Phenylnaphthoresorcinol, 680, 606, 627 
Phenylnaphthylamine, 619, 616 
Phenylnaphthylethane, 693 
Phenyl naphthyl ketone, 634 
Phenylnaphthyl sulphide, 628 
Phenylnitramine, 102, 111, 120, 125, 134 
Phenyl nitroacetate, 256, 297, 4^^ 
Phenylnitrooinnamio acid, 571 
Phenylnitroethanol, 398 


Phenylnitroformaldehydehydrazone, 311 
Phcnylnitrogen, 77 
Phenylnitroindone, 696 
Phenyinitroisoxazole, 468 
Phenylnitromcthane, 266 Jf., 266, 273, 

311/., 314, 412, 560/., 678 
Phenylnitropropanol, 401 
Phenylnitrosamine, 110 
Phenylnitrosohydrazine, 164 
Phenylnitrosophenol, 607 
Phenylopiazone, 381 
Phenyl orthoacetaie, 196 
Phenylorthoacetic acid, 294 
Phenyloxaloacetic ester, 428, 434, 4^7. 

490 

Phenyloxamide, 100 
Phenyloxanthranyl chloride, 653 
Phenyloxanthrone, 653, 666 
Phenyloxazoline, 308 
Phenyloxydihydrometoxazine, 302 
Phenylparabanic acid, 101 
Phenylparaconic acid, 418, 4^6, 469, 490 
Phenylpentadecanic acid, 296 
Phenylpentamethylene dibromide, 504 
Phenylpentanone, 399 
Phonylphenacylacetic ester, 435, 680 
Phenylphenacylpyrotartaric acid, 581 
Phenylphenolphthalide, 522, 646 
Phenyl phenylcarbamate, 196 
Phenyl phenylimidocarbonate, 196 
Phenylphenylnitrone, 261 
Phenyl phenylthiocarbamate, 196 
Phenyl phosphate, 195 
Phenylphosphine, 166 /. 
PhenyJphosphinic anhydride, 167 
Phenylphosphonium iodide, 166 
Phenylphosphoric chloride, 195 
Phenyl phosphoric tetrachloride, 196 
Phenylphosphoroiis chloride, 195 
Phenylphthalazone, 380 
Phenylphthalazonium chloride, 374 
Phenylphthalide, 622, 524 
Phenylphthalimidine, 376 
Phcnylpimelicacetic acid, 438 
Phenylpiperidine, 49 
Phenylpotassium compounds, 170 
Phenylpropimetetracarboxjdic ester, 436 
Phenylpropanetricarboxylic ester, 435 
Phenylx)ropargaIdehyde, 442, 447, 461 
PheiiyJpropargjd alcohol, 442^ 457, 460 
Phonylpropargyl aldoxime, 479 
Phenylpropargyl bromide, 457 
Phenyl propenyl ketone, 460 
Phenylpropine, 447 /. 

Phenylpropiolic acid, 429 /.. 442, 444, 
446, 464 /., 466 /., 478, 484, 490, 606, 
637 

Phcnylpropionic acid, 255, 287, 290, 293, 
294, ^^6, 297,431 
Phenylpropionitrile, 306 
Phenylpropionylsemicarbaside, 303 
Phenylpropyl alcohol, 262 
Phenylpropylaldehyde, 270 
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Phenylpropylamine, 445 
Phenylpropyicarbinol, 253 
Phenylpropylene, 264 
Phenylpropyleneglycol, 399 
Phenylpropyloneglycolbroinohydrin,400 
Pheiiylpropyloneglycolchlorohydrin,400 
Phenylpropyleneglycoliodohy drin, 400 
Phenylpropylene oxide, 399 
Phenyl propyl ketone, 295 
Phenylpropylmalonic acid, 489 
Phenylpropylmethylamine, 258 
Phenylpropyl mustard oil, 259 
Phenylpseudoazimide, 138 
Phenylpyrazolidone, 156 
Phenylpyrazolidonecarboxylic arid, 161 
Phenylpyrazoline, 154, 443, 458 
Phenylpyrazolone, 479 
Phenylpyrrolepropionic acid, 434 
Phenylpyrroline, 406 
Phenylpyrrotriazole, 90 
Phenylpynivic acid, 289, 294, 419, 1^28^ 
437,466,473,490,657, 571,681 
Phenylquinoline, 324,460 
Phenyl quinonediimine, 76 Jf., 2^6 
PhenyJs£ilicylic acid, 366^ 604* 981 
Phenyl belenide, 176, 217 
Phenyl selenobromide, 182 
Phenyl selenocyanide, 182,217 
Phenylacmicarbazide, 93, 132, 138, 156, 
168 

Phenylserine, 420 
Phenylsilicon trichloride, 169 
Phenylsilver, 172 
Phenylsodium, 170 if. 

Phenylstannonio acid, 172 
Phenylstibine dichloride, 169 
Phenylstibine oxide, 169 
Phenylstibine sulphide, 169 
Phenylstibine tetrachloride, 169 
Phenylstibinic acid, 169 
Phenylstilbene, 573 

Phenylsuccinic acid, 436 ff,, 438,489, 507, 
671,680,686#. 

Phenylsulphamio acid, 69, 86 ,177 
Phenyl sulphide, 215, 222,495 
Phenylsulphoacetic acid, 413 
Phenyl sulphochloride, 182 
Phenylsulphoneacetamide, 183 
Phenylsulphoneaoetonitrile, 183 
PhenylsulphoneSthyl alcohol, 183 
Phenylsulphonehydrazobenzene, 137 
Phenylsulphonepropionic acid, 183 
Phenylsulphoxyacetic acid, 182 
Phenylsulphuric acid, 146, 187, 196 ff. 
Phenylsulphurous acid, 195 
Phenyltartronic acid, 266, 423, 4^^ 
Phenyltetrachloropropane, 468 
Phenyltetrahydronaphthoic acid, 645 
Phenyltetrahydropyridine, 406 
Phenyltetrahydropyrimidine, 309 ff. 
Phenyltetrahydroquinazoline, 263 
Phenyltetrazole, 90, 311 
Phenyltetronio add, 433 


Phenyltetrose, 403 
Phenylthallium dibromide, 172 
Phenylthallium dichloride, 172 
Phenylthiazoline, 308 
Phenylthioaoetyl disulphide, 299 
Phenylthiobiazolone hydrosulphide, 169 

Phenylthiocarbamic hydrazide, 96 
Phenylthiocarbamio phenylhydrazide, 159 
Phenylthiocarbazinic acid, 159 
Phenylthiocarbizine, 160 
Phenyl thiocyanate, 98 
Phenylthioglycolic acid, 216 
Phcnylthiosalicylic acid, 334, 361 
Phenylthiosemicarbazide, 96 ff., 169 
Phenylthiosulphoneacctoacetic ester, 182 
Phenylthiourea, 94 ff., 98. 
Phenylthiourethano, 94 ff. 

Phenyltoluene, 494 
Phenyltoluidine, 86 
Phenyltolylbenzamidine, 316 
Phenyltolyloarbinol, 613 
Phenyltolyl disulphone. 182 
Phenyl tolyl ketone, 611, 616, 617, 667, 
646, 653 

Phenyltolylketosulphone, 299 
Phenyltolylmethyltelluronium ion, 217 
Phenyltolyl phthalide, 645 
Phenyltolylpropane, 443, 669 
Phenyltolylpropionic acid, 656 
Phenyltolyl sulphone, 183, 333 ff. 

Phenyl tolylurea, 128 
Phenyltriazane, 166 
Phenyl triazene, 128 
Phenyl triazolo, 166 
Phenyltribromonaphthalene, 606 
Phenyl tricar ballylic acid, 438 
Phenyltrichloroethane, 444 
Phenyltriothyllead, 172 
Phenyl triethylsilicane, 169 
Phenyltrihalogenostannane, 172 
Phenyltrihydroxybutyrio acid, 421 
Phenyltrihydroxy butyric lactone, 403, 
421,^32 

Phenyltrihydroxyfluorone, 541 
Phenyltrimethylammonium halide, 73, 82 
Phenyltrimethyleneglycol, 399 
Phenyltrimethyleneglycolchlorohydrin, 
400 

Phenyltrimethyllead, 172 
Phenyltrimethylolethane, 270 
Phenyluracil, 430 
Phenylurazol, 168#. 

Phenylurea, 92 #., 97 #., 313 
Phenylurethane, 92, 186, 196, 303, 313 
Phenyl valeric acid, 295 
Phenylvalerolactonecarboxylic acid, 4S7, 
470 

Phenylvinyl acetate, 466 
Phenylvinylacetic acid, 466, 4^^* 471 
Phenylvinylamine, 445 
Phenylvinylcarbinol, 456 
Phenylvinyl ether, 103, 400 



INDEX 


779 


Phenylvinylethyl ether, 484 

Phenyl vinyl ketone, 407 ,460 
Phenylvinylmethyl ether, 456 ,484 
Phenylvinylphenyl ether, 456 
Phenylxanthono, 539 
Phenylxanthydrol, 540 
Phenylxylidine, 85 
Phenyl xylyl ketone, 557 
Phonylxylylpropane, 569 
Phenylxylylpropionic acid, 556 
Phloracetophenone, 353 
Phloretic acid, 364 
Phloretin, 256, 365, 578 
Phloridzin, 678 

Phloroglucinaldehyde, 350, 478 
Phloroglucinol, 32, 110, 176, 187, 222, 
230, 239,350,365, 521,550, 577 
Phloroglucinolcarboxylic acid, 371 
Phloroglucinoldicarboxylic acid, 393 
Phloroglucinolphthalein, 550 
Phloroglucite, 230 
Phlorol, 221 
Phlorone, 238 
Phloxine, 550 
Phosphaniline, 166 
Phosphazobenzene anilide, 86 
Phosphazobenzene chloride, 86 
Phosphenyl chloride, 166 
Phosphenylio acid, 167 
Phosphenyl oxide, 166 
Phosphenyloxy chloride, 167 
Phosphenyltetrachloride, 167 
Phosphenylthiochloride, 167 
Phosphine, 534 
Phosphinobenzene, 166 ff, 
Phosphobenzcne, 166jf. 

Phosphorisal chloride, 358 
Phosphorokctobetaines, 167 
Phosphorus, pentavalent, 167 
Phosphosal, 358 
Phosphosal chloride, 358 
Phosphosalicylic acid, 358 
Photoanethole, 450 

Photographic developer, 91, 206, 337, 626 
Phototracing paper, 624 
Phthalacene, 691 
Phthalacetic acid, 292 
Phthalaconcarboxylic acid, 691 
Phthalaconic acid, 691 
Phthalaldehyde, 373, 374, 379, 383, 593, 
598, 683 

Phthalaldehyde chloride, 381 
Phthalaldehydic acetic anhydride, 380 
Phthalaldehydic acid, 374, 376 ff., 379, 
383, 422,439 492, 522, 570, 579 

Phthalaldehydic acid oxime anhydride, 
379 

Phthalaldehydic acid pentachloride, 381 
Phthalamic acid, 321, 386 
Phthalan, 372 
Phthalanil. 377, 387, 618 
Phthalanilio acid, 386 ff. 


Phthalazine, 372, 374 
Phthalazone, 380 

Phthalein, 187, 332, 386, 525,544 Jf., 545, 
653 

Phthalic acid, 34, 41,43,46, 287, 200, 332, 
376 ff., 384, 605, 600, 604 ff., 609, 612, 
628, 631, 646, 667 
Phthalic acid peroxide, 386 
Phthalic anhydride, 187, 219, 376, 378, 
383, 385, 387 ff., 432, 440 ff., 482, 522, 
ff., 544 ff., 548, 550, 569, 587, 637, 661 
ff., 665, 667 
Phthalic diazide, 387 
Phthalic green, 545, 656 
Phthalide, 263, 373 ff., 376, 377, 380 ff., 
385#., 394, 570 
Phthalide acetic acid, 440, 483 
Phthalide anil, 376 

Phthalidccarboxylic acid, 376, 380, 393, 
439, 610, 611 

Phthalide chloride, 376, 385, 651 
Phthalidedicarboxylic acid, 441 
Phthalidein, 546,653 
Phthalidenephcnyl crotonolactone, 432 
Phthalidepropionic acid, 440 
Phthalidetricarboxylic acid, 441 
Phthalidin, 546, 653 

Phthalimide, 321 ff., 323 ff., 333, 376, 
ZSOff., 386, 394 
Phthalimide bromide, 324 
Phthalimide chloride, 324 
Phthalimidine, 370, 387 
Phthalimidoacctic acid, 491 
Phthalimidopropionic acid, 387 
Phthalimidovaleric acid, 406 
Phthalimidoxime, 374 
Phthaliminoacetophenone, 404 
Phthaliminobenzylmalonic ester, 414 
Phthaliminomalonic ester, 416 
Phthalin, 544, 540, 653 
Phthalinic acid, 384 
Phthalisoimide, 386 
Phthalocyanine, 388 

Phthalonic acid, 379, 393. 439, 440, 483, 
597, 610, 630 
Phthalonitrilc, 387 
Phthalophenone, 385, 524, 544 
Phthaloyl-. See also PhthalyU. 

Phthaloylphthalic acid, 524 
Phthaloylsalicylic acid, 523, 551 
Phthalyl. See also Phthaloyl-. 
Phthalylacetic acid, 439 Jf., 482,600 
Phthalylalanine, 387 
Phthalylalanyl chloride, 387, 405 ff. 
Phthalyl alcohol, 372, 385 
Phthalyl chloride, 263, 372, 376, 385 ff., 
387, 440, 492, 544, 646 
Phthalylchloroacetic acid, 482 
Phthalyl cyanide, 440 
Phthalylcyanoacetic ester, 440, 4^2 
Phthalyldiacetic acid, 441 
Phthalyldimalonic acid, 44^, 492 
Phthalylene tetrachloride, 386, 545, 653 
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Phthalyl fluoride, 384 
Phthalylglycocoll, 387 
Phthalylglycocollic ester, 387, 492 
Phthalylglycyl chloride, 404 
Phthalylhydrazine, 387 
Phthalylhydroxylamic acid, 387 
Phthalylhydroxylamine, 322, S87 
Phthalylmalonio ester, 441, 4^2 
Phthalyl peroxide, 386 
Phthalylphenylhydrazine, 387 
Phthalylpropionic acid, 440 
Phthalyl selenide, 386 
Phthalyl sulphide, 386 
Phyacia species, 368 
Physcianin, 368 
j Piasoselenole, 108 
Piazothiole, 108 jf. 

Picamar, 230 
Picene, 639, 70£ 

Pioenefluorene, 683, 884, 703 
Picenefluorene alcohol, 880, 703 
Picenefluorenone, 684 
Picene ketone, 703 
Picenequinone, 703 
Picenic acid, 703 
Piceol, 352 
Picoline, 36 

Picramide, 62, JOS, 106 
Picric acid, 30. 61 103. 185, 187, £00, 

223, 232, 612 
Picrotoxine, 396 
Picrylanthranilio acid, 326 
Picryl bromide, 63 

Picryl chloride, &£, 65, 68, 103 132, 

145, 183 iT., 201,496 
Picrylhydroxylamine, 62, 80, 110 
Piloty’s acid, 175 
Pimanthrene, 672 
Pimelic acid, 32, 322, 356 
Pimenta aerie, 452 
Pimento oil, 452 
Pimpinella aniaum, 450 
Pimpindla aaxifraga, 483 
Pimpinelline, 483 
Pinabietic acid, 390 

Pinacoline transformation, 675, 680, 686 
Pine charcoal, 396 
Pine tar, 676 
Piper hetle, 452 
Piper cub^a, 457 
Piperhydronic acid, 369, ^77 
Piperic acid, 349, 365, 369, 459, 477, 
481 

Piperidine, 307 
Piperil,568 
Piperine, 481 ff, 

Piperitone, 190 
Piper methyaticum, 485 
Piperonal, 219, 338, 347/., $49, 366, 368, 
452 ff., 455, 459,481, 486, 561, 568 
Piperonal cyanhydrin, 368 
Piperonoyl nitrile, 659 
Piperonylacetone, 349, 3S8 


Piperonylacetylene, 455 
Piperonylacrolein, 459, 486 
Piperonylacrylic acid, 476? 
Piperonylacrylic acid dibromide, 420 
Piperonyl alcohol, $38, 349 
Piperonylcarboxylic acid, 497, 453 ff. 
Piperonylic acid, 349,365, $66 ,453 
Piporonylideneacetone, 353, 491 
Piperonylidenemalonio acid, 481, 489 
Piperonylidenenitromothane, 349 
Piperonylpropine, 455 
Pitch, 35, 36 
Pittacall, 543 

Plastics. 77, 175, 186 J7., 443 
Pleiadene, 713 
Pleiadenedione, 713 
Pieiadone, 713 
Plugge reaction, 186, 187 
Podocarpic acid, 071 
Podophylline, 3^ ff. 

Podophyllotoxine, 390 
Polybonzyleneimide, 262 
Polycresotide, 363 
Polyhydroxydesoxybenzoin, 503 
Polyindene, 591 
Polyporic acid, 508 
Polyporua nidnlana, 508 
Polysalicylide, 357, 359 
Polythymoquinone, 238 
Pomegranate root, 370 
Poppy, 377 

Potassiodiazobenzenate, 110 
Potassium aniline, 74, 78, 137 
Potassium benzeneisodiazotate, 110, 111, 
120 

Potassium benzene »-diazotate, 70, 110 
ff„ 120 

Potassium diphenylamine, 106 
Potassium nitrophenylispdiazotate, 155 
Potassium phenate, 188, 193 ff,, 220, 231, 
355 

Potassium phenyldiazotate, 120 
Potassium phenylfluorene, 680 
Potassium phenylhydrazine, I 48 , 155 
Potassium phenylisodiazotate, 120 
Potassium phthalimide, 83, 372, 377, 
388 

Potassium tolueneisodiazotate, 121 
Potassium triphenylmethane, 525, 557, 
574. 679, 680 
Potato blossoms, 347 
Potato skins, 347 
Prehnite, 396 

Prehnitic acid, 46, 292, $98 
‘Trehnitol,” 46, 293. 396 
Primrose root, 367 ff. 

Primula camphor, $67 
Procaine, 329 
Proin, 291 

Prontosil album, 178 
Propenecatechol, 220 
Propenylanisole, 480, 481 
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PropenylbenjBene, 45, 4^ 
Propenyldimethozymethylenedioxy ben- 
sene, 455 

Propenylguaiacol, 46S 
Propenylnaphthalene, 634 ff, 
Propenylphenol, 4^0. 4^1 
Propenyl phenyl ketone, 406, 4^0 
Propenylphenylmagnesium halide, 450 
Propenylphthalimide, 386 
Propenylpyrocatechol, 453 
Propenylsalicylio acid, 471 
Propenyltrimethoxybenzene, 454 
Propenylveratrol, 453 
Propiolic acid, 25 
Propionylacetophenone, 409 
Propionylbenzyl cyanide, 431 
Propionylphenol, 352 
Propionylphenylacetic ester, 431, 433 
PropionylphenyJbromoacetic ester, 433 
Propionylphenylhydrazide, 155 
Propiophenone, 284, 294, 402, 408 
Propiopheiionecarboxylic acid, 383 
Propyl acetanilide, 89 
Propylallocinnamio acid, 469 
Propylaniline, 81 

Propylbenzene, 37, 40 Jf.. 42, 45, 283. 
398 

Propylbenzoic acid, 48, 292 ff, 
Propylbenzylaniline, 258 
Propylcatechol, 221 
Propylcinnaxnic acid, 469 ff. 
Propyldihydroxybenzene, 224 ff. 
Propyldimethylacetophenone, 284 
Propylguaiacol, 221 
Propylidenephthalide, 482 
Propylidenequinone, 340 
Propylisopropylbenzene, 48 
Propylmesitylene, 48 
Propylnaphthalene, 612 
Propylphenol, 189, 454 
Propylphenylacetaldehyde, 270 
Propylphenylhydrazine, 150 
Propylpyrogallol, 225, 2S0 
Propylresorcinol, 224 
Propyltetrahydroxybenzene, 232 
Protea mellifera, 226, 367 
Proteic acid, 367 
Protein, 294, 415 
Protoblue, 542 

Protocatechualdehyde, 219, 347, 348, 
366, 402, 453, 476, 542, 577, 599 
Protocatechualdehyde carbonate, 349, 
417 

Protocatechualdehydedichloride carbon¬ 
ate. 349 

Protocatechualdehyde methylene ether, 
* 349 

Protocatechualdehyde methyl ether, 348, 
349 

Protocatechuic acid, 28, 219, 348 ff., 
366, 369, 476,481.521, 677, 665 
Protocatechuic nitrile, 521 
Protoootoin, 352,521 


Protoemeraldin, 247 
Protored, 542 
Pseudoaniline, 77 

Pseudocumene, 25. 37 ff., 42, 46 ff., 301 

Pscudocumenesulphonic acid, 176 ,180 
Pseudocumenol, 189 ,342 
Pseudocumenylglycol, 373 
Pseudocumenylnitramine, 112 
Pseudocumidine, 79,237 
Pseudocumohydroquinone, 227 
Pseudocumoquinone, 238 
Pseudocumoquinouecarboxylic acid, 368 
Pseudocumylacetone, 285 
Pseudocumylamine, 257 
Pseudocumylglyoxylic acid, 428 
Pseudocumylhydrazine, 148 
Pseudodiacetylcyanbenzyl cyanide, 483 
Pseudoephedrine, 401 
Pseudo! taconanilic acid, 101 
Pseudoleucoaniline, 627 
Pseudomeconine, 378 
Pseudomethysticin, 486 
Pseudodpianic acid, 382 
Pseudophenol, 339 
Pseudophenol halides, 189#., 339 
Pseudopurpurin, 666 
Pseudosaccharin chloride, 333,334,516 
Pterocarpua species, 218 
Ptychotia ajowan, 47,190 
Pulvinio acid, 580, 686 
Purpurin, 384, 645, 666 
Purpurincarboxylic acid, 666 
Purpuroxanthin, 664 
Pyracene, 691 
Pyracenehemiquinone, 691 
Pyranthrene, 710 
Pyranthrone, 706, 710 
Pyrazolidones, formation, 156 
Pyrene, 36, 668, 699, 705, 707 
Pyrene ketone, 640, 700 
Pyrenequinone, 700 
Pyrenic acid, 638, 640, 700 
Pyrenoylpropionic acid, 706 
Pyrenylbutyrio acid, 705 
Pyridine, 34, 36 ff. 

Pyrocatechol. See Catechol. 
Pyrocatecholcarboxylic acid, 366, 367 
Pyrocatechol dimethyl ether, 452 
Pyrocondensation, 26, 37 
Pyrogallaldehyde, 360, 478 
Pyrogallol, 187 ff., 229, 239, 350. 352, 
370 ff., 393, 602, 621, 643. 660 
Pyrogallol allyl dimethyl ether, 454 
Pyrogallolbenzein, 541 
Pyrogallolcarboxylic acid, 229, 371 ,393 
I^T^gallol dimethyl ether, 229, 503,643f 
Pyrogallol phenylphthalide, 545 
Pyrogallolphthalein, 550 
Pyrogallol^ccinein, 548 
I Pyrogallol triacetate, 375 
I Pyro(^nio ssmthesis, 25, 37 
I Pyroligneous acid, 503 
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PyromelHtio acid, 26, 442, 548, 690. 

702 

Pyrone, 268 
Pyruvic acid, 26 
Pyruvic anilide, 91 
Pyruvic anilide chloride, 90 
Pyruvic ester phonylhydrazono, ] 53 
Pyruvic phcnylhydrazidinc, 162 
IVnivic phenylhydrazono, 164 

Q 

Quadrivanil, 349 
Quaterphenyl, 125, S07 
Quercetin, 230, 366, 578 
Quinacetophenone, 352 
Quinaldine, 84,280,322,460,660 
Quinalizarin, 665 
Quinazolone, 280 
Quinhydrone, 188, 226, 235, £37 
Quinic acid, 226, 235 
Quinisatin, 433 
Quinitol, 235 
Quinitroles, 189 
Quinizarin. 604, 665 
Quinizarinquinone, 667 
Quinizarinsulphonic acid, 664 
Quinol, 68, 189, 227, 340 
Quinolcne phenylene ketone, 599 
Quinoline, 34, 36, 280, 321, 330 
Quinomethane, 339 

Quinone, 29, 31, 76, 107, 141, 178, 180, 
219, 227, 232, £34, 236 239 Jf., 

244, 246, 247 if., 352, 389, 443,502, 508, 
521, 558, 605, 702 
peroxide formula, 234 
Quinoneacctylphenylhydrazone, 244 
Quinoneaminoguanidone, 244 
Quinone anil, £43 ff., 248 
Quinoneanildiphenylhydrazone, 148 
Quinoneanilineiminc, 246, 248 
Quinoneazine, 244 

Quiuonebenzoylphenylhydrazone, 244 
Quinonebisaminoguanidone, 244 
Quinonebisemicarbazone, 244 
Quinone chloroimine, £44, 245 
Quinone dianil, 85, £47, 

Quinone diazide, 245 
Quinone dibromide, 236 
Quinone dichlorimine, 242,244#. 

Quinone diimine, 107, 142, £43 
Quinone, diketone formula, 234 
peroxide formula, 234 
Quincnedimethylanilineimine, 246 
Quinonedimethyldiimine, 107, £4S 
Quinonedimethyldiimoniumhydrobro- 
mide, -nitrate, 243 

Quinone dioxime, 61, 67, 226, 236, £4J #• 
Quinoneimide anil, 246 
Quinonemethyldiimine, 243 
Quinonemethylimine, 242 
Quinone monoanil. See Quinone anil, 
Quinone monoxime. See Quinone oxime, 
Quinoneoxime, 202, £08, 223, 233, 236 


Quinoneoximebenzoylhydrazone, 244 
Quinoneoximebenzoylphenylhydrazono, 
244 

Quinoneoximehydrazone, 244 
Quinonephonolimine, £45 248 

Quinonephcnyidiimine, 246 
Quinonephenylhydrazone, 244 
Quinonephenylimine, £45 ff, 

Quinones, bimolecular, 502, 628, 638 
Quinonesemicarbazone, 244 
Quinoncsulphonic acid, 239 
Quinone totrabromido, 237 
Quinonetctracarboxylic ester, 396 
QuinoKoIine, 108 ff,, 407, 433, 567 
Quinoyl, 235, 240 
Quinquiphenyl, 125, 607 

R 

R-acid, 625 

Ramalina dimricata, 230 
Rancidity of fats (ketone formation), 345 
Red oil, 79, 534 
Reduction, intramolecular, 60 
ReSsterihcation, 371, 477 
Reformatzky reaction, 295 
Reimcr reaction, 343, 345, 346, 349, 
374, 634 

Resacetophenone, 39, 362, 477,577 
Resaurine, 543 
Resazurin, 223 
Resin acids, 671,672 
Resin oil, 46,48 
Resins, 347, 362 
natural, 676 
Resite, 187 
Resitole, 187 
Resocyanin, 477 
Resol, 186 
Resonance, 19 

Resorcinol. 31, 32, 106, 174, 176, 187, 
198, 218, £££, 230, 237, 350, 352, 367, 
391, 435, 477, 485, 489, 512, 513, 521, 
524, 540 ff„ 543, 649. 556, 577, 629, 
664 

Resorcinol benzeine, 641 
Resorcinolbisazobenzone, 223 
Resorcinoldialdchyde, 376 
Resorcinoldisulphonic acid, 223 
Resorcinolphthalein, 648, 649, 550 
Resorcinoltrisazobenzene, 223 
Resorcylaldehyde, 360, 477 
Resorcylhydroquinone, 502 
Resorcylic acid, 367 
Resorcylmaleic lactone, 489 
Resorcyl phenylpbthalide, 545 
Resorufin, 223, 248 
Retene, 676 

Retonecarboxylic acid, 677 
Retene^iphenic acid, 677 
Retenefluorene, 679 
Retenefluorene alcohol, 680 
Reteneglycolic acid, 677 
Retene ketone, 677 
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Ketenequinone, €77^ <582, 683 
Rheum species, 664 
Rhodacene, 688 
Khodamine, 550, 557 
dyes, 541, 550 
Rhodizonic acid, 241 
Ring>chain tautomerism, 379 
Ring, enlargement, 425, 607 
narrowing, 610, 611 
Rissic acid, 371 
Roecella species, 224, 225, 368 
Roccellin, 620, 6£4. 

Rosamine, 541 
Rosamine chloride, 542 
Rosaniline, 84, 512, 526, 533, SS4. 535, 
536 Jf., 542 
base, 527 
dyes, 533 

Rosanilinesulphonic acid. 536 
Rose Bengal, 550 
Rose oil, 252 
Roshydrazine, 538 
Rosolic acid, 535, 539, 64£ 

Rotenone, 232 
Rubeanic acid, 161 
Rubene, 602 
Ruberythric acid, 662 
Rubiadin, 004 
Ruhia tinctorum^ 662 
Rubicene, 691, 706 
Rubrene, 602 
Rubrene peroxide, 602 
Rufianic acid, 664 
Rufigallic acid, 370, 666 
Rufiopin, 381, 66o 
Rufol, 651 

S 

Sacchareins, 334 

Saccharin, 174, 179, 280, 332, 3S3 
Saccharintolylsulphonylimide, 333 
Safranine, 109 
dyes, 248, 618 
Safroeugenol, 454 
Safroisoeugenol, 454 

Safrol, 219, 221, 348, 349, 366, 368, 399, 
448, 4€£. 454 
Safrolglycol, 349 
Safrosin, 550 
Safrovanillin, 349 
Sakuranetin, 577 
Salicil, 568 
Salicin, 335, 345 

Salicylaldehyde, 231, 335, 344y 350, 355, 
360, 412, 415, 461, 462, 473, 487, 488, 
489,490,538,561,564,568,571 
Salicylaldoxime, 360 
Salicylamide, 359 
Salicylamine, 336 
Salicylanilide, 360 
Salicylhydramide, 345 
Salioylhydracone, 345 


Salicylic acid, 30, 32, 146, 188, 196, 335, 
337, 366 365, 367, 379, 424, 473. 

504, 521, 523, 544, 551, 611 
Salicylic azide, 354, 360 
Salicylic chloride, 367, 358 
Salicylic hydrazide, 360 
Salicylic nitrile, 346, 360 
Salicylide, 359 

Salicylide chloroform, 369, 363 

Salicyloacetic acid, 357 

Salicylophosphorous acid chloride, 358 

Salicyloyl chloride, 367, 358 

Salicyloylsalicylic acid, 358 

Salicyluric acid, 360 

Saligenin, 186, 836, 345, 355 

Sail re tin, 336 

Saloi, 356 

Salophen, 389 

Salvarsan, 166, 168 

Sandmeyer reaction, 123, 211, 838 

Santonin, 622 

Sapogenins, 690 

Saponin, 612 

Sapotalin, 612 

Saaaafrae officinale, 452 

Satureja kortenaia, 190 

Sch&ffer’s acid, 625, 627 

Schiff's bases, 267, 272 

Sch011kopf*8 acid, 625 

Schotten-Baumann method, 174 

Scopoletin, 478 

Scopolia species, 478 

Sea-fennel oil, 455 

Selenanthrene, 222 

Selenium benzamide, 308 

Selenobenzaldehyde, 271 

Selenobcnzoic acid, 299 

Selenocresol, 217 

Solenocyanobenzoic acid, 361 

Selenophenetole, 217 

Selenophenol, 170, 176, £17 

Selenophenyl mustard oil, 99 

Selenophthalide, 377 

Semidine transformation, 106, 107, 146, 
499, 625 

Semiortho5xalio dianilidomethyl ester, 
100 

Senna leaves, 664 
Serine, 302 
Sexiphenyl, 508 
Shale, bituminous, 219 
Shale tar oil, 37 
Shikimxno-Ki, 452 
Shikimol, 452 
Shikizarin, 664 
Shikonin, 664 
Shogaol, 353, 4^1 
Siamese gum benzoin, 291 
Silicobenzoic acid, 169 
Silicodiphenylimide, 87 
Silicon tetraphenyl, 169 
Siiicotetraphenylamide, 87 
Silver formanilide, 88 
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Silver salvarsan, 168 
Sinalbin, 364 
Sinalbin mustard oil, 336 
Sinapic acid, 370, J^78 
Sirius yellow, 696 
Skatole, 36 

Skraup quinoline synthesis, 663 
Sodio acetanilide. 101 
Sodiophenolcarboxylic acid, 196 
Sodiosalol, 357 
Sodiotriphenylboryl, 169 
Sodium benzophenoneimide, 306 
Sodium benzylcyanide, 305 
Sodiumbenzyl isodiazotate, 260 
Sodium formanilide, 88 
Sodium nitrobenzene isodiazotate, 121 
Sodium phenate, 98, 188^ 191, 194 Jf., 222, 
355 

Sodium phenyl, 170 

Sodium phenylacetylide, 447, 579 

Sodium phenyicarbonate. 196 

Sodium phenylhydrazine, 148 

Softening agents, 196 

Solid green, 223, 6S3 

Soluble blue, 538 

Sparaaais racemoaa, 368 

Sparassol, 368 

Spiraea species, 344, 355 

Spirit blue, 538 

Staranise oil, 220, 450 

Steric hindrance, 499 

Sterols, 671, 690 

Stilbene, 41, 255, 256, 260, 271, 412, 493, 
553, 554, 556, 669, 578, 668 
Stilbene bromide, 574 
Stilbenecarboxylic acid, 571 
Stilbenediamine, 564 
Stilbene dibromide, 663, 565, 569 
Stilbenedicarboxylic acid, 412, 673 
Stilbene dichloride, 664, 568 
Stilbenedisulphonic acid, 280 
Stilbeneglycol diacetate, 569 
Stilbeneglycol dibenzoate, 569 
Stilbene hydrate, 663 
Stilbenepropionic acid, 571 
Stilbenequinone, 561 
Stilbenesuccinic acid, 573 
StiXlingialaUfolia, 283 
Storax, 251, 252, 443, 456, 464 
Stovarsol, 168 
Strophanthidine, 671 
Styceric acid, 419 
Stycerol, 399 
Styphnic acid, 333, 319 
St 5 rraoin, 464 
Styracole, 464 
Styrax benzoin, 290 

Styrene, 36, 37, 44, 252, 399, 400, 411, 
417, 442, 44S. 444, 446, 459, 476, 553. 
556, 559 

Styrene dibromide, ^0/, 443, 444 
Styrene dichloride, 401, 443, 444 
Styrene oxide, 399, 400 


Styrene pseudonitrosite, 404, 44^ 
Styrogallol, 653 

Styrol dibromide, 398, 401, 443 
444, 446 

Styrolene alcohol, 398, 607 
Styrone. See Cinnamyl alcohol, 

Styryl acetate, 456 

Styrylacetic acid, 418, 437, 445, 469, 
485, 487, 557, 584, 605, 606, 621, 669 
Styrylacetophenone, 583 
Styrylacrylio acid, 470, 460, 491. See 
also Cinnamylideneacetic acid, 
Styrylamine, 456 
Styrylcrotonic acid, 431, 491 
Styryldihydroresorcinol, 491 
Styryldiphenylcarbinol, 578 
Styrylglutaric acid, 491 
Styrylhydroxyacetic acid, 484 
Styrylmagnesium bromide, 578, 581 
Styrylmethyl carbinol, 456 
Styrylmethyl carbinol chloride, 448 
Styryl methyl ketone, 459 
Styrylparaconic acid, 491 
Styrylphenacylpropionic acid, 588 
Styrylpropionic acid, 437, 4'^0 
Styrylpyruvic acid, 607 
Styrylsuccinic acid, 435, 400 
Stjrrylurethane, 403 
Styrylvinylcrotonic acid, 481 
Succinanil, 101 
Succinanilic acid, 101 
Succineins, 548 
Succinic acid, 28, 226 
Succinic phenylhydrazilic ester, 160 
Succinophenylhydrazil, 161 
Succinosuccinic acid, 236, 393 
Succinrhodamine, 551 
Succinyl diphenylhydrazido, 160 
Succinyl phenylhydrazide, 160, 161 
Sugar sludge, industrial, 397 
Sulphamphthalein, 334 
Sulphanilamide, 178 

Sulphanilic acid, 177, 178, 235, 333, 348, 
500 

Sulphanilide, 86 
Sulphethylanthranilic acid, 322 
Sulphhydryl-. See also Mercaiito^. 
Sulphhydrylcinnamic acid, 467 
Sulphinobenzoic acid, 333 
Sulphite paper pulp, 47 
Sulphoanthranilic acid, 327 
Sulphoanthraquinone. See ArUhraqui- 
nonesulphonic acid. 

Sulphobenzamide, 333 
Sulphobenzenc disulphide, 182 
Sulphobenzene sulphide, 182 
Sulphobenzene trisulphide, 182 
Sulphobenzide, 363, 333 
Sulphobenzoio acid, 187, 263, 291, 333, 
355,390, 520, 547, 548 
Sulphobenzoic acid dichloride, 333, 360, 
385 

Sulphooarbanil. See Phenyl mustard oiL 
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Sulphocinnamaldehyde sodium sulphite. 
458 

Sulphohydrazinocinnamic acid. 468 
Sulphohydroxyboiizoic acid, 365 
Sulphoisophthalic acid, 390 
Sulphomethylanthranilio acid. 326 
Sulphonated azo dyes. 179 
Sulphoneamidobenzoic acid, 332, SSS, 
334 

Sulphonium bases. 180 
Sulphophtbalicacid (-anhydride), 389 
Sulphosalicylic acid. 362 
Sulphoterephthalic acid, 392 
Sulphur atom, asymmetric, 441 
Suprarenin. 402 
Surinamine. 417 
Sweetening agents. 207, 333 
Sympathol, 402 
Syn-diazohydrates, 119 
Syringaldehyde, 350, 478 
Syringic acid, 370 
Syringin, 350 

T 

Tahiti vanilla, 336, 346 
Taiga wood, 630 
Tannic acid, 229, 370, 371 
Tannin(s), 354, 370, 371 
Tar. See BeechiDOod tar. Coal tar, etc. 
gas. 34 

high-temperature, 35 
low-temperature, 35. 603, 649 
Tarragon oil, 450 
Tartrazine, 180 
Tautomerism, ring chain, 379 
transanellar, 652 
Tea, 370 

Tectoquinoiie, 657 
Telephoric acid, 671, 676 
Terephthalaldchyde, 374, 378,445, 484/., 
543 

Terephthalaldehydic acid, 38JI, 484 
Terephthalic acid, 26, 44, 47, 52, 270, 
373, 390, 39i^, 551, 705 
Terephthalic nitrile, 375, 30^ 
Terephthalyldiinalonic acid, 375 
Terpene, 671 
synthesis, 364 
Terphenyl, 125, 507 ff. 
Tetraacotylglucobenzaldehydo, 346 
Tetraacetylhelicin, 337 
Tetraaminobenzene, 110 
Tetraaminodiphenylazophenylene, 107 
Tetraaminoisophthalic acid, 390 
Tetraaminoperylene, 701 
Tetraanisylhydrazine, 149 
Tetrabenzoylethane, 683 
Tetrabenzoylothylene, 583 
Tetrabenzoylhydrazine, 303 
Tetrabenzylurea, 259 
Tetrabromoacenaphthene, 685 
Tetrabromobenzaurine, 540 
Tetrabromobenzene, 51 


Tetrabromobenzidine, 498 
Tetrabromodichlorofiuorescein, 550 
Tetrabromodiethyldiquinol, 342 
Tetrabromodihydroxystilbene dichloride, 
561 

Tetrabromodiphenoquinone, 503 
Tetrabromoditolyl, 504 
Tetrabromofluorane, 548 
Tetrabromofluorescein, 550 
Tetrabromohydrindone, 599 
Tetrabromohydroquinone, 227 
Tetrabromohydroxybenzyl bromide, 339 
Tetrabromoisophthalic acid, 390 
Tetrabromomethylonequinonc, 340 
Tetrabromomethylethyldiquinol, 342 ff. 
Tetrabromomethylquinol, 342/. 
Tetrabromophenol, 198 /. 
Tetrabromophenolphthalein, 547 
Tetrabromoquinone, 234, 238 ff, 
Tetrabromostilbenequinone, 561 
Tetrabromoterephthalic acid, 392 
Tetrabromotetrachlorofluorescein, 550 
Tetrabromotoluqinol, 342 ff. 
Tetrabromotoluquinol oxide, 342 
Tetracene, 656 
Tetrachloroacetone, 32 
Telrachloroanthranilic acid, 327 
Tetrachlorobenzaldchyde, 275 
Tctrachlorobcnzene, 50 /. 
Tetrachlorol>enzidine, 498 
Tetrachlorobenzpinacoline, 575 
Tetrachlorocatechol, 219 
Tetrachlorociesol, 342, 596 
Tetiachlorocyclopentenedione, 31, 32 
Tetrachlorodihydroxytolane, 562 
Tetrachlorodiketotetrahydronaphthalene, 
599, 610 

Tetrachlorodiiiitrobenzene, 62 
Tetrachlorodiphenoquinone, 503 
Tetrachloroethylene, 25 
Tetrachloiofluorene, 679 
Tetrachlorohydrindone, 439, 698, 699, 
610/. 

Tetrachlorohydroquinone, 227 
Tetrachlorohydroxybenzyl bromide, 339 
Tetrachlorohydroxybenzyl chloride, 339 
Tetrachloroisophthalic acid, 390 
Tetrachloromethylphthalide, 482 
Tctrachloronaphthalene, 604 
Tetrachloroperylene, 701 
Tetrachlorophenol, 198 
Tetrachlorophenolphthalein, 547 
Tetraohlorophthalanil, 388 
Tetrachlorophthalic anhydride, 327, 388 
Tetrachlorophthalimide, 388 
Tetrachlorophthalyl chloride, 388 
Tetrachloroquinone, 30 /., 219, 228, 234, 
238 ff. 

Tetrachlorostilbenequinone, 561 
Tetrachloroterephthalic acid, 392 
Tetrachlorotetraketocyclohexane, 239 
Tetrachlorotoluquinol, 342 
Tetrachloroxylylene oxide, 372 



786 


INDEX 


Tetracresotide, 363 
Tetradecahydroperylene, 701 
Tetraethylbonzeno, 48 
Tetraethylphenol, 191 
Tetrahydroacenaphthcne, 686, 690 
Tetrahydroanthracene* 656 
Tetrahydrobenzoic acid, 291 
Tetrahydrochrysofluorene, 683 
Tetrahydrocornicularic acid, 584 
Tetrahydrodichlorotoluene, 55 
Tetrahydrodihydroxyterephthalic acid, 
393 

Tetrahydrodiphenyl, 494 
Tetrahydrofluorantheno, 36, 680 
Tetrahydroisophtlialic acid, 390 
Tetrahydroketonaphthalene, 295, 644* 

703 

Tetrahydronaphthalene, 397, 64£, 688 
Tetrahydronaphthalenealdehyde, 644 
Tetrahydronaphthalenedicarboxylic acid, 
606 ,645 

Tetrahydronaphthalenediol, 643 ff. 
Tetrahydronaphthalenesulpbonic acid, 
643 

Tetrahydronaphthalepototracarboxylic 
acid, 606, 645 

Tetrahydronaphthaquinone, 643 
Tetrahydronaphtliinoline, 580 
Tctrahydronaphthoic acid, 644 
Tetrahydronaphthol, 621 ,643 
Tetrahydronaphthylamine, 394, 609 if., 
615, 642, 643 

Tetrahydronaphthylenediamino, 643 
Tetrahydronaphthylene glycol, 609 
Tetraliydronaphthylene oxide, 641, 643 
Tetrahydronaphthylinethyl ketone, 644 
Tetrahydronaphthylphenol, 643 
Tetrahydropentacene, 702 
Tetrahydrophcnanthrene, 675 
Tetrahydrophthalic acid, 384 
Tetrahydropiperic acid, 369, 477, 481 
Totrahydroquinaldine, 287 
Tetrahydroquinazolone, 263 
Tetrahydroqiiinone, 241 
Tetrahydroqiiinoxaline, 108 
Tetrahydrothioquinazolone, 263 
Tetrahydroxyanthrsiquinone, 646, 661, 
666 

Tetrahydroxybenzaldehyde, 350, 478 
Tetrahydroxybenzcne, 230, 232, 239, 
478 

Tetrahydroxybenzophenone, 521 
Tetrahydroxydianthraquinoyl, 656 
Tetrahydroxydiphenoquinone, 508 
Tetrahydroxydiphenyl, 502 
Tetrahydroxydiphenylaoetic acid, 556 
Tetrahydrox 3 maphthalene, 627, 630 
Tetrahydroxyquinone, 240 if. 
Tetrahydroxytetraphenylethyleno, 574 
Tetrahydroxyxylene, 232 
Tetraiodoaniline, 102 
Tetraiodobenzene, 52 
Tetraiodofluorescein, 550 


Tetraiodohydroxyphenyltyrosine, 417 
Tetraiodoieophthalio acid, 390 
Tetraiodophenolphthalein, 547 
Tetraiodophthalio acid, 388 
Tetraiodoterephthalic acid, 392 
Tetraketohydrindacenedicarboxylio ester, 
691 

Tetraketonaphthalene, 630 
Tetralanthraquinone, 696 
Tetralidine, 642 
Tetraline, 397, 642, 688 
Tetralinesulphonic acid, 643 
Tetralol, 621, 643 
Tetralone, 295, 644* 703 
Tetraloneoxalic ester, 395 
Totralylbutyryl chloride, 656 
Tetramethoxyacetophenone, 353 
Tetramethoxybenzene, 232, 239, 353 
Tetramethoxybcnzhydrol, 513 
Tetramethoxybenzoic acid, 455 
Tetramethoxybenzophenone, 521 
Tetramethoxydiphenoquinone, 503 
Tetramothoxydiphthalyl, 570 
Tetramethoxytriphenylcarbinol, 543 
Tetramethylanthracene, 649 
Tetramethylapionol, 232 
Tetramethylbcnzene, 37 ff., 42, 45* 372, 
396#. 

Tetramethylbciizidine, 498 
Tetramethylhenzuic acid, 293 
Tef ramct hyldianiinoazobenzene, 143 
Tetrarnethyldiaminoazoxybenzene, 135 
Tetramothyldiaminobenzaldehyde, 279 
Tetramethyldiuminobenzene, 71, 106, 243 
Tetramethyldiammobenzhydrol, 614* 536, 
551 

Tetramethyldiaininobenzhydrylamine, 
514* 537 

Tetramothyldiaminobenzhydrylsulphide, 

514 

Tetramethyldiaminobenzil, 568 
Tetramethyldiaminol>onzophenone, 82, 
514, 519 ff., 533, 537 
Te trame t hy Id i am i no benzophenone imidc, 
519 

Tetramethyldiaminobenzthiohydrol, 514 
Tetramethyldiaminodiphenylamine, 248 
Tetramethyldiaminodiphenylanthrone, 
653 

Tctramethyldiaminodi phenylcarbinol, 
514* 536, 551 

Tetrarnethyldiaminodiphonylothane, 553 
Tetramethyldiaminodiphenylmethane, 
612, 514, 536 

Tetramethyldiaminodiphenylmethane- 
carboxylic acid, 656 

Tetramethyldiaminodiphenylphthalide, 
543, 645 

Tetramethyldiaminoditolyliminometh- 
ane, 520 

Tetramethyldiaminoditolyl ketone, 520 
Tetramethyldiarninophenyloxanthrone, 
656 
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Tetramethyldiaminotetraphenylethylene, 

674 

Tetramethyldiaminothiobenzophenone, 
612, 6W 

Tetramethyldiaminotriphenyl carbinol, 
627, 630, 6S3 

Tetramethyldiaminotriphenylmethane, 

527, 532 

Tetramethyldiaminotriphenylmethano- 
carboxylic acid, 643 
Tetramethyldianthraquinoyl, 667 
TetramethyIdihydroxydiphenyl, 601, 503 
Tetramethyldiphenoquinone, 601,603 
Tetramethylmethylbenzidine, 499 
Tetramethylnaphthalcne, 613 
Tetrameihylphenol, 191 
Tetramothylphenylenediamine. 71, 106, 
243 

Totramothylphenylglyoxylic acid, 428 
Tetramethylrosaniline iodide iodomethyl- 
ate, 537 

Tetramethylstilbenequinone, 561 
Tetramethyl violet, 637 
Tetraminodiphenyl, 498 
Tetranaphthylethane, 640 
Tetranaphthjdethylene, 640 
Tetranitraniline, 103 
Tetranitroazobeuzene, 138 
Tetranitrobenzene, 60, 62, 68, 69,104,110 
Totranitrobenzil, 568 
Tetraiiitrobenzophenone, 518 
Tetranitrodiphenic acid, 606 
Tetranitrodiphenyl, 496 
Tetranitrodiphenylacetic acid, 655 
Tetranitrodiphenylmethane, 611 
Tetranitrofiuorenone, 681 
Tetraiiitronaphthalene, 615 
Tetranitroperylene, 701 
Tetranitrorcsorcinol, 224 
Tetranitrosobenzene, 67, 242 
Tetranitrotetraphenylhydrazine, 70 
Tetranitrotoluene, 64 
Tetranthrene, 675 
Tetrapheny lace tune, 285, 670 
Tetraphenylallene, 676 
Tetraphenylbenzone, 609, 589 
Tetraphenylbutadieno, 6S2 
Tetraphenylbutane, 682 
Tetraphenylbutatriene, 582 
Tetraphenylbutinediol, 582 
Tetraphenylchromium, 171 
Tetraphenylchromium bromide, 171 
Tetraphenylchromium hydroxide, 171 
Tetraphenylcrotonolactone, 684 
Tetraphenylcyclobutanedione, 656 
Tetrapl^enylcyclopentadienono, 609 
Tetraphenyldiethylenediamine, 664 
Tetraphenyldihydrotetrazinc, 273 
Tetraphenyldimethylenequinone, 661, 556 
Tetraphenyle thane, 674ff, 
dyes, 674 

Tetraphenylethanedicarboxylic acid, 570 
Tetraphenylethanol, 674 


Tetraphenylethylene, 516, 664, 674 ff-% 
672, 680 

Tetraphenylethylene dichloride, 674 
Tetraphenylethylene glycol, 574 
Tetraphenylethylene oxide, 576 
Tetraphenylethylene sulphide, 675 
Tetraphenylfuran, 684 
Tetraphenylgermanium, 172 
Tetraphenylguanidine, 97 
Tetraphenylhexadiene, 689 
Tetraphenylhexanediol, 689 
Tetraphenylhexatriene, 689 
Tetraphenylhydrazine, 86 108 ,149 

Tetraphenylisothiourea, 96 
Tetraphenyllead, 173 
Tetraphenylmethane, 38, 493, 551 
Tetraphenyloctadiene, 689 
Tetraphenyloctazene, 166 
Tetraphenylphenylenediamine, 106 
Tetraphenylphosphine bromide, 167 
Tetraphenylpiperazine, 664 
Tetraphenylpropane, 676 
Tetraphenylpropenol, 676, 679 
Tetraphenylpropylene, 576 
Tetraphenylpropylene alcohol, 676, 579 
Tetraphenylp 3 Trole, 684 
Tetraphenylnibene, 602 
Tetraphenylsuccinic acid, 655, 676 
Tetraphenyltetramethylenegly'col, 682 
Tetraphenyltetrazene, 148, 166 
Tetraphenylthiophene, 266, 560, 684 
Totraphenylthiourea, 95 
TetraphenyHin, 172 
Tetraphenyluroa, 92 
Tetraphthene, 686 
Tetrasalicylide, 359 
Tetrathioethylquinone, 240 
Tetratolylhydrazinc, 149 
Tetratolyllead, 173 
Tetratolyloxamide, 100 
Tetratolyltetrazeno, 149, 165 
Totrazoles, 133 
Totro 3 dl>enzoic acid, 696 
Tetryl, 112 
Thcbaine, 671 
Theka wood, 657 

Thianthrene disulphoxide, -disulphone, 
222 

Thiazine dyes, 105, 248 
Thiazole ring, 95 

Thio-. See also ThioU and Thione-^. 
Thioacetanilide, 89, 96 
Thioaldolaniline, 84 
Thioaniline, 217 
Thiobenzaldehyde, 271, 559 
Thiobenzamide, 308 
Thiobenzanilide, 268, 307, 308 
Thiobenzhydroxamic acid, 314 
Thiobenzidine, 600 
Thiobenzoazimide, 328 
Thiobenzophenone, 616, 674,576 
Thiobenzoylacetone, 409 
Thiobenzoyl disulphide, 300 
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Thiobiaioline, 96 

Thiocarbamic phenylhydracide, 159 
Thiooarbanilide, 94^ 97, 144 
Thiocarbanilinomalonic ester, 98 
Thiocarbasine, 159 
Thiooarvaorol, 191 
Thiooateohol, 222 
Thioohlorostyrene, 449 
Thiocumasone, 262 
Thiooyanoacetanilide, 96 
Thiooyanoaniline, 217 
Thiocyanoanisole, 228 
Thiocyanobenzoic acid, 361 
Thiocyanocatcchol, 222 
Thiocyanocresol, 228 
Thiocyanopheiietole, 228 
Thiocyanophenyidiazonium chloride, 
117 

Thiocyanosalicylic acid, 361 
Thiocyanothymol, 228 
Thodiglycolanilic acid, 91 
Thiodiglycol anilide, 91 
Thiodinaphthylamine, 616 
Thiodiphenylamine, 85, ^17, 220, 616 
Thiodiphenylamine, dyes, 109 
Thiofluorescein, 548 
Thioformanilide, 89 
Thiohydantoin, 417 
Thiohydroquinonc, 228 
Thioindigo, 353, 360 
Thioindoxyl, 361 
Thioindoxylcarboxylic acid, 361 
Thioisatin, 427 
Thiolbenzamide, 300 
Thiolbenzanilide, 300 
Thiolbenzoic acid, 300 
Thiolooumarin, 475 
Thiolsalioylic acid, 360 
Thioltoluio acid, 300 
Thionaphtbene, 36 
Thionaphthenequinone, 427 
Thionaphthol, 628 
Thionaphtholsulphonic acid, 619 
Thionessal, 255, 560, 584 
Tbionine dyes, 85, 248 
Tbionylaminobenzoyl chloride, 327 
Thionylaminodimethylaniline, 107 
Thionylaniline, 86^ 154,181 
Thionjdanthranilic chloride, S22 
Tbionylbenzidine, 498 
Tbionylbenzylbydroxylamine, 260 
Tbionylbromoaniline, 86 
Tbionylcbloroaniline, 86 
Thionylbydrazinobeazoic acid, 332 
Tbionylnitraniline, 86 
Tbionylpbenylbydrazine, 115 ,164 
Tbionyltoluidine, 86 
TbioOxanilic acid, 98 ,100 
TbioOxanilide, 100 
Tbiopbene, 33 if., 36, 425 
Tblophenetolesulpbonic acid, 124 
Tbiopbenol, 170, 182 186, 213 

216,237,360 


Tbiophenol ethyl ether sulphonio acid, 
124 

Tbiophenolglyoxylic acid, 427 
Thiophenolsulphonio acid, 124, 179 
Thiophenoquinone, 237 
Thiophenylaoetic acid, 423 
Thiophosphazobenzene chloride, 87 
Tbiophthalide, 377 
Thiopbtbalimidine, 377 
Tbioresorcinol, 224 
Thiosaccharin, 334 
Thiosalicylic acid, 333 
Thiotolene, 36 
Thiotolidine, 500 
Thiotoluidine, 217 
Thioxanthone, 360 
Thioxene, 36 
Thujone oxime, 27 
Thyme oil, 47, 190 
Thymohydroquinone, 227 
Thymol, 47, 190, 237, 364,451 
Th 3 anolbenzeine, 541 
Thsnnoldialdehyde, 375 
Thymoquinone, 190,237 ,238 
Thymoquinonediimine (imine), 242 
Thymotin alcohol, 336 
Thymotinaldehyde, 346 
Thymotinio acid, 364 
Thymus vulgaris, 190 
Thymyldiphenylacetic acid, 558 
Thyroxin, 417 
Tin diphenyl, 172 
Tin triphenyl halides, 172 
TNT, 63 

Tolane, 493,509,558 Jf., 661 ,569 
Tolane dichloride, 562 
Tolane tetrachloride, 568 ff. 

Tolidine, 145, 499 ff., 607 
Tolidinedisiilphonio acid, 501 
Tolilic acid, 556 
Tolu balsam, 43, 251, 290, 464 
Tolubenzylamine, 257 
Toluene. 25. 37 ff., 41 ff., 43 ff., 47. 50, 
56, 68, 63. 175, 255 ff., 269, 271, 272, 
291, 294, 301, 317, 391, 510, 523 ff., 
52Qff., 558, 680, 586, 645, 648, 668 
Tolueneazonaphthalene, 618 
Toluenedisulphonic acid, 176, 225, 334 
Toluenesulphinic acid, 175, 181, 299 
I Toluenesulphochloramide, 176, 304 
Toluenesulphonamide, 176, 332 if. 
Toluenesulphonio acid, 43, 176, 189, 255, 
280, 443 

Toluenosulpbonyl chloride, 175 
Toluenesulphonyl fluoride, 176 
Toluhydroquinone, 227 
Toluio acid, 40^., 43 ff., 47 ff., 287 ,292 ff., 
294. 306, 363, 376, 381, 390 ff., 492, 
562,569,611,627,664 
Toluic acid esters, 297 
Toluio anhydride, 298 
Toluidine, 36, 56, 72, 73, 78, 127, 130, 
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138, 139, 142, 145, 189, 237, 267, 292, 
306, 427, 612, 627, 534, 636, 536, 538 
Tolunitiile, SOO, 376, 378, 392, 607 
Toluquinol, 341, 842 
Toluquinone, 237, 238^ 341 
Toluquinone dioxime, 242 
Toluquinoneimine, 242 
Toluquinone nitrate, 341 
Toluyl alcohol, 44, 262 
Toluylaldehyde, 39, 44, 269, 306, 469 
Toluylbenzoic acid, 645, 657 
Toluyl chloride, 297, 704, 707 
Toluylene, 560 
Toluylene blue, 248 
Toluylenediamine, 107, 169, 248 
Toluylenediaminostilphonir acid, 178 
Toluylene red, 107, 248 
Toluylformaldehyde, 407 
T 9 luylmethylnaphthalenc, 697 
Toluylphenanthrene, 703 
Tolylacetic acid, 252, 294 
Tolylacetonitrile, 306 
Tolylacetylene, 447 
Tolylacetylglycolic acid, 432 
Tolyl alcohol, 44, 252 
Tolylaldehyde, 39, 44. 269, 306, 469 
Tolyl azide, 127 
Tolylazobenzoic acid, 331 
Tolylazoformhydroxainic acid, 138 
Tolylbutyric acid, 295 
Tolylbutyrolactone, 418 
Tolylcarbinol, 252 

Tolyldimethylsulphonium hydroxide, 216 
Tolyldiphenylcarbinol, 528 
Tolyldiphenylmethane, 625 
Tolylethyl alcohol, 252 
Tolylethyl carbinol, 252 
Tolylglyoxime, 407 
Tolylglyoxylic acid, 382, 4^7 
Tolylhomophthalimide, 394 
Tolylhydrazine, 148, 158 
Tolylhydrazinesulphonic acid, 176 
Tolylhydroxylamine, 69, 227,341 ff, 

Tolyl isocyanate, 98 
Tolyl isocyanide, 90 
Tolyl isothiocyanate, 99 
Tolylisothiourea, 96 

Tolylmagnesium halide, 127, 173, 252, 
299, 546. 705 
Tolylmethylcarbinol, 252 
Tolyl methyl ketone, 47, 284* 295, 447 
Tolylmethyltriazene, 129 
Tolylnitromethane, 256 
Tolyl phenyl ketone, 611, 616, 517, 567, 
646, 653 

Tolylphenylmethane, 510, 522 
Tolyl phosphorochloride, 167 
Tolyl phosphorotetraohloride, 167 
Tolylphthalide, 522 
Tolylpropionic acid, 296 
Tolylsalioylio acid, 359 
Tolyl semicarbazide, 168 
Tolylsulphamic acid, 86 


Tolylsulphoanthranyl chloride, 518 
Tolylsulphonaminobenzophenone, 518 
Tolyltartronic acid, 436 
Tolyltrianilinophosi)honium chloride, 167 
Tolyltrianilinophosphonium oxide, 167 
Tonka beans, 474 
Transanellar tautomerism, 652 
Triacetophloroglucinol, 353, 376 
Triacetylbenzene, 26, 376 
Triacetylgallic acid, 370 
Triacetyltriketocyclohexane, 2Zl, 376 
Triallylphenol, 193, 450 
Triaminoanthraquinone, 669 
Triaminoazobenzene, 106, 148 
Triaminobenzene, 71,109,143, 230, 329 
Triaminobenzoic acid, 109, 329 
Triaminobutyltoluene, 65 
Triaminodiphenyl, 498 
Tri aminodipheny 1 tolyl carbinol, 533 
Triamiiiodiphenyltolylmethane, 527 
Triami nomesityiene, 110, 133 
Triaminophenol, 244 
Triaminophloroglucinol, 231 
Triaminoresorcinol, 223, 233 
Triaminotoluene, 109, 110 
Triaminotriphenylacetonitrile, 667 
Triaminotriphenylamine, 86 
Triaminotriphenylcarbinol, 53#, 638, 535 
Triaminotriphenylmethane, 627, 535 
Triaminotripbenylmethane sulphate, 625 
Triamlinotriphenylcarbinol, 538 
Trianilinotriphenylmethane, 538 
Trianisylacetonitrile, 542 
Trianisylcarbinol, 538, 642 
Trianisylmethane, 639, 542 
Trianthraquinone diimide, 669 
Triazobenzene. See Phenylazide, 
Triazohydroquinone, 228 
Triazole group, 133 
Tribenzamide, 300 
Tribenzanthracene, 708 
Tribenzonitrile oxide, 314, 316 
Tribenzoylbenzene, 26, 61o 
Tribenzoylcyclopropane, 583 
Tribenzoylenebenzene, 598 
Tribenzoylhydrazine, 303 
Tribenzoylhydroxylamine, 314 
Tribenzoylmethane, 162, 679 
Tribenzoylpyrene, 700 
Tribenzylamine, 257 
Tribenzylcarbinol, 676 
Tribenzylenebenzene, 698 
Tribenzylhydroxylamine, 260 
Tribenzylsulphine chloride, -iodide, 266 
Tribenzylurea, 259 
Tribiphenylyloarbinol, 628 
Tribromoacetylbenzoic acid, 440 
Tribromoaniline, 102, 116, 178 
Tribromoanthraquinone, 665 
Tribromobenzene, 26, 61 231 

Tribromobenzoic acid, 296 
Tribromoethylquinone, 342 
Tribromofiuorane, 644, 648 
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Tribromofluoreno, 678 
TribromobiemimeUithene, 56 
TribromohydroquiDone, 227 
Tribromohydroxybenayl bromide, 339 
Tribromoindane, 594 
Tribromomesitylonc, 56 
Tribromomethoxypropylidenequinone, 
340 

Tribromomethylphenylcarbinol, 41 J, 444 
Tribromonitrosobenzene, 66 
Tribromophenol, 116, 197, 198 
Tribromophenol bromide, 198 
Tribromophenylazocarboxylic acid, 122 
Tribromophenyldiazonium chloride, 117 
Tribromophcii 5 ddiazoiiiiim cyanide, 121 
Tribromophenylnaphthalene, 582 
Tribromophonylnitramiuc, 112 
Tnbromopseudoeumenc, 50 
Tribromopyrogallol, 229 
Tribromoquinone, 238 ff. 
Tribromoresorcinol, 222 
Tribromotoluene, 55 
Tribromotoluquinol, 342 
Tribromotriiodobenzone, 52 
Tribromoxylenc, 55 
Tricarbanil, 98 
Tricarbazolecarbinol, 538 
Tricarbomethoxygalloyl chloride, 521 
Trichloroacetoacrylic acid, 30, 34 
Trichloroacetophenonc, 423 
Trichloroacetylbenzoic acid, 440 
Trichloroacetylpentachlorobutyric acid, 
31 

Trichloroaniline, 102 
Trichloroanthraquinone, 658 
Trichlorobenzene, 50 ff, 
Trichlorobenzophenone, 517 
Trichlorocresol, 342 
Trichlorocycloi)entenedihydroxycar- 
boxylic acid, 188 
Trichlorodinitrobenzenc, 63 
Trichloroethylene, 31 
Trichloroethylideneacetophenone,487 
Trichloroethylidenedianiline, 84 
Trichloroethylideuedinaphthyl, 639 
Triohlorohydroquinone, 227 
Trichloromethylphenylcarbinol, 4ti, 412, 
444 

Trichloromethylphthalide, 439 
Trichloromethylstyrylcarbinol, 485 
Trichloronaphthalene, 614 
Trichloro5rcinol, 225 
Trichlorophenanthrene, 672^ 676 
Trichlorophenol, 198 ff,, 238 
Trichlorophenomalic acid, 30,34 
Trichlorophenylhydrazine, 148 
Trichlorophenylnitramine, 112 
Trichlorophosphanil, 87 
Trichlorophthalic anhydride, 388 
Trichlorophthalide carboxylic acid, 389 
Trichloropyrogallol, 229 
Trichloropyruvic acid, 30 
Trichloroquinone, 238 ff. 


Triohloroquinonechlorimine, 244 
Trichlorostyrene, 444 
Trichlorotetraketocyclohexane, 239 
Trichlorotoluic acid, 298 
Trichlorotoluquinol, 342 
Trichlorotriketocyclopentane, 239 
Trichlorotriphenylcarbinol, 530 
Trichlorovinylbenzoic acid, 462, 598, 610 
Tricyanobenzeno, 395 
Tricyclohexylmothane, 525 
Tridepside of orsellic acid, 368 
Tridiphenylylchloromethane, 551 
Tridiphenylyirnethyl, 551 
Triethoxybenzene, 478 
Triethoxy benzoic acid, 232, 371, 478 
Triethylacetophenorie, 284 
Triethylaosculetin, 371 
Triothylaesculetincarboxylic acid, 371 
Triethyibcnzene, 25, 39, 4S 
Triethyidaphnetio acid, 370, 478 
Triefhylgallic acid, 370 
Triethylhydroxyhydroquinone, 371 
Triethylhydroxyliydroquinonecarboxylic 
acid, 371 

Tricthylphlorofilucinol, 25 
Triethylpyrogallolcarboxylic acid, 371 
Trihydroxy acetophenone, 352 
Trihydroxyanthraquinone, 665 
Trihydroxynnthraquinonecarboxylic acid, 
666 

Trihydroxyaurine, 543 
Trihydroxybonzene, 32, 229, 230, 232, 
237 

Trihydroxybeiizoic acid, 369 
Trihydroxybenzoi)henone, 521 
Trihydroxycmnamic acid, ^78 
Trihydroxy cyclohexane, 230 
Trihydroxy diphenyl, 502 
Trihydroxy diphenyl tolylcarbinol, 542 
Trihydroxyflavanone, 577 
Trihydroxyisophthalic acid, 393 
Trihydroxymethylanthraqninone, 665 
Trihydroxymethylcarboxynaphthaqui- 
none, 630 

Trihydroxynai>hthalene, 627, 630 ff. 
Trihydroxynaphthaquinone, 630 
Trihydroxyphenanthraquinonecarbox- 
ylic acid, 676 

Trihydroxyphenanthrene, 674 
Trihydroxytrinaphthylmethane, 639 
Trihydroxytriphenylmethane, 630, 542 
Triiodoanilino, 102 
Triiodobenzene, 52 
Triiodobromobenzene, 52 
Triiodochlorobenzene, 52 
Triiodophenol, 198 
Triiodpstyrene, 444 
Triiodotriphenylcarbinol, 530 
Triketocyclohexane, 230 
Triketohydrindene, 599 
Trimellitic acid, 391,, 396 
Trimesic acid,.25, 45, 176, 292, 431 ff., 
479 
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Trimethoxybenzaldehyde, ^50,454 
Trimethoxybenzoic acid, 370 ,464 
Trimethoxybenzoylacetic ester, 230,431 
Trimethoxycoumarin, 478 
Trimethoxynitrostyrene, 338 ,45 
Trimethoxyphenylalanine, 417 
Trimethoxyphenylethylamine, 338 
Trimethox 3 rphthalic acid, 390 
Trimothoxyphthalide, 378 
Trimethoxyphthalidecarboxylic acid. 439 
Trimethoxypropiophenone, 363 
Trimethylaesculetinic acid, 478 
Triinethylaminoacetophenone bromide, 
405 

Trimethylanthracene, 649 
Trimethylaurine, 542 
Trimethyl benzaldehyde, 270 
Trimethylbenzene, 25, 37, 42, 44, 4^* 292, 
559 

Trimethylbenzoic acid, 46 ,293 
Trimethylbonzophenone, 616, 648 
Trimethylcyclohexenone, 74 
Trimethyldihydroxybenzenc, 225 
Trimethylenebenzamidine, 309 
Trimethylenecarbanilide, 93 
Trimcthylenehydroxyphenanthrene, 697, 
698 

Trimethylenephcnylurea, 93 
Trimethylenetriphonylmethanetriketone, 
705 

Trimethylethylbenzene, 48 
Trimethylgallacetophenone, 230, 352, 431 
Trimethylgallaldehyde, 338, 350 ,454 
Trimethylgallamide, 230, 668 
Trimethylgallic acid, 280, 370, 871, 378, 
390, 431, 464 

Trimethylgalloacetophenone, 230, 352, 
431 

Trimethylgallyl alcohol, 338 
Trimethylhomogallaldehyde, 338, 454 
Trimethylhomogallic acid, 57i, 454 
Trimethylhydroxybenzoic acid, 364 
Trimethylhydroxyhydroquinone, 371 
Trimethylhydroxyhydroquinonecarbox- 
ylic acid, 371 

Trimethylnaphthalene, 613 
Trimethylphenanthrone, 672 
Trimethylphenol, 189 
Trimethylphenylallene, 448 
Trimethylphenylammonium iodide (bro¬ 
mide) , 73, 82 

Trimothylphenylhydrazine, 151 
Trimethylphenylpropionic acid, 338 
Trimethylphloroglucinol, 230 ff. 
Trimethylphosphobenzobetaine, 332 
Trimethylphosphotolubetaine. 332 
Trimethylpyridine, 36 
Trimethylpyruvio acid, 29 
Trimethylquinol, 342 
Trimethylsalicylaldehyde, 346 
Trimethylstyrene, 446 
Trimethyltolylphosphonium chloride, 332 
Trimethyltriphenylpararosaniline, 638 


Trimethylxylylphosphonium chloride, 332 
Trinaphthylcarbinol, 639 
Trinaphthylenebenzene, 687 
Trinaphthylmethanc, 639 
Trinitraniline, 103 
Trinitroamiiiotoluene, 64 
Trinitroazobenzene^ 138 
Trim* troazoxy benzene, 135 
Trinitrobenzaldehyde, 277, 320 
Trinitrobenzene, 26, 60, 61, 69, 78, 103, 
135, 612 

Trinitrobenzoic acid, 61, 296, 319 
Trinitrobutyltoluene, 65 
Trinitrobutylxylcne, 65 
Trinitrochlorobcnzene, 62, 431 
Trinitrochloroxylene, 104 
Trinitrocjrmene, 66 
Trinitrodiethylhydroquinone, 228 
Trinitrodihydroanthraconc, 650 
Trinitrodiphenyl amine, 104 
Trinitrodiphenyl siilphone, 183 
Trinitrodiphenyltolylmethane, 526, 527 
Trinitroethylbenzene, 65 
Trinitrofluorene, 681 
Trinitrohydroxytoluic acid, 363 
Trinitromesitylene, 65 
Trinitronaphthalene, 616 
Trinitronaphthol, 623 
Trinitronitrosobenzene, 67 
Trinitroperylene, 701 
Trinitrophenetole, 69, 201 
Trinitrophenol, 30, 61, 200» Sec also 
Picric add, 

Tiinitrophenyiacctoacotic ester, 431 
Trinitrophenylenediamine, 110 
Trinitrophenykthyl alcohol, 261 
Trinitrophenylhydrazine, 148 
Trinitrophenylhydroxylamine, 69 
Trinitrophenylmalonic acid, 4^4^ 436, 
556 

Trinitrophenylmethylnitramine, 112 
Trinitrophenyltartronic acid, 436 
Trinitrophloroglucinol, 224, !i31 
Trinitropseudocumene, 65 
Trinitroresorcinol, 200 ,223 
Trinitrosophloroglucinol, 231 
Trinitrotetraline, 642 
Trinitrotoluene, 61, 63, 69, 319,612 
Trinitrotoluidine, 64 
Trinitrotoluylonediamine, 110 
Trinitrotriaminobenzene, 110 
Trinitrotriaminotriphenylmethane, 526 
Trinitrotrimethylbenzene, 65 
Trinitrotriphenylcarbinol, 530, 535 
Trinitrotriphenylmethane, 526, 530, 635, 
656 

Trinitrotristriazobenzene, 133 
Trinitroxylene, 64 
Trinitroxylidine, 104 
Triozonides, 41 

Triphenacylmethylamine, 4O6, 460 
Triphenylacetaldehyde, 657, 573 
Triphenylacetic acid, 629, 543, 557 
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Triphex^lacdtonitrile, 529« 657 
Triphenylacetyl chloride, 675 
Triphenylaorylic acid, 573 , 690 
Triphenylallene. 676 
Triphenylallyl alcohol, 578 
Triphenylaluminium, 171 
Triphenylamine, 71, 78, 84, 85 , 105, 326, 
538 

Triphenylarsine, 168 
Triphenyibenzene, 270,283, 508 , 678 
Triphenylbenzofulvene, 682 
Triphenylbiuret, 93 
Triphenylboron, 169 
Triphenylbromoethaiione, 573 
Triphenylbromomethane, 525, 529, 675 
Triphenylbutadiene, 682 
Triphenylbutane, 657 
Triphenylbutanedicarboxylie acid, 585 
Triphenylcarbiiiol, 86, 170, 299, 515, 
626 528 , 529, 536, 551, 557, 575, 

687, 667, 679 

Triphenylcarbiuolcarboxylic acid, 543 ff., 

545 

Triphenylcarbinolcarboxylio acid lactone, 
544 

Triphenylcarbinol methyl ether, 528 , 651 
Triphenylchlorocarbamidine, 93, 96 ff, 
Triphenylchloromethane, 629 , 551, 557#., 
674, 675, 587, 679 
Triphenylohromium, 172 
Triphenylchromium iodide, 171 
Triphenylcrotonolactone, 684 
Triphenyl cyanurate, 98 
Triphenylcyanuric triamide, 99 
Triphenylcyclobutanone, 443 
Triphenylcyclopentadienone, 609 
Triphenylcyclopentenolone, 509 
Triphenyldiethylphosphine, 167 
Triphenyidimethane, 524 
Triphenyldimethylphosphine, 167 
Triphenyldipropylphosphine, 167 
Triphenylene, 700 
Triphenyle thane, 667, 573 
Triphenylethanol, 673 
Triphenyle thanone, 673 
Triphenylethylene, 573 
Triphenylethylene glycol, 567, 673 
Triphenylethyleilicane, 169 
Triphenylfiuoromethane, 529 
Triphenylgermanium bromide, 172 
Triphenylgermaniiim chloride, 172 
Triphenylgermaniiim fluoride, 172 
Triphenylgermanium iodide, 172 
Triphenylgermanium oxide, 172 
Triphenylglutaric acid, 681 
Triphenylguanidine, 95 ff,, 96 ff, 
Triphenylhydranthranol, 666 
Triphenylhydrazine, 149 
Triphenylhydrazyl, 149, 165 
Triphenylhydroxyethanone, 673 
Triphenylhydroxypropene, 676 
Triphenylimidazoline, 272 
Triphenylindene, 694 


Triphenyliodomethane, 529 ff, 
Triphenyliaocyanurate, 98 
Triphenylisomelamine, 98 ff., 100 
Triphenylisoxazole, 666 
Triphenyllactic acid, 658, 681 
Triphenyllead, 173 
Triphenyllead halides, 173 
Triphenylmelamine, 99 
Triphenylmethane, 171, 187, 493, 626^ 
627 ff„ 536, 543, 557, 674, 655 
dyes, 237, 386, 539 

Triphenylmethaneazobenzene, 630, 661 
Triphenylmethanecarboxylic acid, 643 ff,, 
657, 653, 656 

Triphenylmethanedicarboxylic acid, 643 
Triphenylmethanetricarboxylic acid, 705 
Triphenylmethyl, 38, 116, 299, 529 ff„ 
552, 676 

Triphenylmethylaniline, 528, 630 
Triphenylmethyl azide, 530 
Triphenylmethyl bromide. See Tri- 
phenylhromomethmie. 

Triphenylmethyl chloride. See Triphenyl¬ 
chloromethane. 

Triphenylmethyldiphenylamine, 86 
Triphenylmethylditolylamine, 86 
Triphenylmethylethane, 673 
Triphenylmethyl ethyl ketone, 557 
Triphenylmethylhydrazinc, 530 
Triphenylmethylhydroxylamine, 530 
Triphenylmethylimide, 630 
Triphenylmethyl iodide. See Triphenyl- 
ibdomethane. 

Triphenylmethylmagnesium halide, 629, 
557, 674#. 

Triphenylmethylsilicane, 169 
Triphenylmethylsodium, 170 
Triphenylmethylsulphonic acid, 628 
Triphenylosotriazole, 565 
Triphenylpararosaniline, 642 
Triphenyl phosphate, 196, 306 
Triphenylphosphine, 167 
Triphenylphosphine dibromide, 167 
Triphenylphosphine dichloride, 167 
Triphenylphosphine dihydroxide, 167 
Triphenylphosphine oxide, 167 
Triphenylphosphine phenylimide, 665 
Triphenylphosphine sulphide, 167 
Triphenyl phosphite, 195 
Triphenylpropane, 667, 673, 676 
Triphenylpropanol, 673, 676 
Triphenylpropene, 676, 678 
Triphenylpropionic acid, 574 ^ 698 
Triphenylpropiophenone, 679 
Triphenylrosaniline, 86, 638 
Triphenylselenonium bromide, 217 
Triphenylselenonium chloride, 217 
Triphenylselenonium hydroxide, 217 
Triphenylselenonium iodide, 217 
Triphenylsemicarbazide, 158 
Triphenylsilioane, 169 
Triphenylsilicol, 170 
Triphenylsilicon bromide. 170 
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TriphenylsiUcon chloride, 169 
Triphenylstannane halides, 172 
Triphenylstibine, 169 
Triphenylstibine dibromide, 169 
Triphenylstibine dichloride, 169 
Triphenylstibine sulphide, 169 
Triphenyltelluronium iodide, 217 
Triphenyltetrazolium hydroxide, 312 
Triphenylthiourea, 95 
Triphenylurea, 9^ ff. 

Triphenyl vinyl acetate, 573 
Triphenylvinyl alcohol. 555 
Triphenylvinyl benzoate, 573 
Tripropylbenzene, 25 
Triquinoyl, 233, ^40 
Trisdiketohydrindene, 601 
Trisphenethinylcarbinol, 479 
Trisulphanilic acid, 178 
Trithiobenzaldehyde, ^71, 559 
Trithiocinnamaldehyde, 458 
Trithiophloroglucinol, 231 
Trithiovanillin, 349 
Tritol, 63 

Tritoluenesulphonamide, 176 

Tritolylacetic acid, 558 

Tritolylalumiiiiurn, 171 

Tritolylamine, 86 

Tritolylcarbinol, 528 

Tritolyllead, 17ii 

Trityl ether, 529 

Tropaeoliii O, 179 

Tropaeolum majus^ 306 

Tropic acid, 470 

Tropine, 413 

Trotyl, 63 

Truxene, 598^ 601 

Truxenequinone, 598 

Truxic acid, 466, 572 

Truxilhc acid, 464, 466, 470, 489, 572 

Truxone, 598, 601 

Trypanosomes, 166 

Tryparsamide, 168 

Tryptophane, 414 

Tuberculosis, rcnuvlies, 464 

Tuberosa flowers, oil, 322 

Turkey red oil, 663 

Turpentine oil, 45, 47, 450 

Tutocaiiie, 329 

Tyramine, 337, 416 

T 3 a*amiiie methyl other, 337 

Tyronamine, 337 

Tyrosine, 337, 365, 4io ff. 

Tyrosine black, 416 
Tyrosoi, 336 

U 

Umbellic acid, 477 
Umbellifera resins, 477 
Umbelliferone, 222, 350, 369, 477 
Umbelliferonecarboxylic acid, 489 
Umbelliferonemethyl ether, 477, 478 
Umbelluloiie, 190 
Uramidobenzoic acid, 328 


Uraminoaziminobenzoic acid, 329 
Urethanophenylacetonitrile, 413 
Urine, 187 

of herbivorous animals, 187, 219, 290, 
301 

horse, 219 
human, 219 
Urushiol, 221, 4^2 

Uvitic acid, 26, 45, 292, 391, 395, 441 

V 

Vacuum tar, 37 
Valerohydroquinone, 352 
Valerophenone, 284 
Valerylacetophenone, 409 
Valerylphenol, 352 
VaniUa, 347 
Vanilla planifolia, 347 
Vanilla, Tahiti, 336, 346 
Vanillic acid, 219, 366, 382, 452 
Vanillin, 219, 221, 338, 547 ff., 353, 
366, 368, 375, 417, 451 ff., 457, 459, 
476 iT., 643 

Vanillin benzoate, 338 
Vanillin oxime, 338 
Vanillyl alcohol, 338, 348 
Vanillylamine, 338 
Vanillylideneacetone, 452, 46‘i 
Vat dyes, 658, 659, 698, 709, 711 
Veratraldehyde, 338, 349, 353, 367, 402 
Veralric acid, 219 ,306 ff., 378 
Veratrine, 366 
Veratrole, 192, 219 
Veratrolecarboxylic acid, 352 
Veratroylcarboxylic acid, 4^7, 453 
Veratroyl chloride, 521 
Veratroyl nitrile, 659 
Veratrum sahadilla, 366 
Veratryl alcohol, 338 
Veratrylideneacetone, 461 
Vesuvine, 143 
Vida faha, 417 
Victoria blue, 519 
Vinylanisole, 44^* 476 
Vinylbenzene. See Styrejie 
j Vinylbenzoic acid, 462 
I Vinyl bromide, 443 
Vinylcatechol, 451 
Vinylcinnamic acid, 469 
Vinylguaiacol, 451 
Vinylnaphthalene, 613, 634 
Vinylphenol, 449 

Vinylphenylacetic acid, 456, 46‘2, 471 
Violaniline, 534 
Violanthrene, 698, 70.9 
Violanthrone, 698, 709 
Violein, 550 

Vulpinic acid, 580, 584, 686 

W 

Walden inversion, 410 
Walnut(s). 627 
shells. 627, 630 
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Water blue, 538 
Watercress oil, 269 
Watergas, 443 
Welter’s bitter, 201 
Willstatter’s lignin, 397 
Wintergreen oil„355, 356 
Wood, 348 
distillation, 184 
green decaying, 671 
Woodruff, 474 
Wood tar, crude, 285 
oil, 37 

'Wttrtz synthesis, 38 
Wurster dyes, 24S, 497 

X 

Xanthene, 512, 639 
Xanthogallol, 229 
Xanthogeu anilide, 94 
Xanthone, 356, 367. 519, 520, 521, 544. 
681 

Xanthonecar boxy lie acid, 359 
Xanthorrhoea resin, 475 
Xanthotoxine, 483 
XanLhoxylum species, 353 
Xenylamine, 497 

Xylene. 36. 37, 39. 41, 42 4!!i if., 47, 

58, 176, 270, 292, 374, 381. 384, 390, 
392, 443, 526, 659, 712 
Xylenodisulphonic acid, 176 
Xylene musk, 66 
Xyleneoxyacetic acid, 195 
Xyleneselenic acid, 177 
Xylenesulphonic acid, 44, 176 
Xylenol, 36, 189, 603 
Xylenyldiphenylacetic lactone, 558 
Xylic acid, 287, 292, 294, 391 
Xylic nitrile, 306 
Xylidic acid, 391, 392, 396 
Xylidlne, 79 
Xylindein, 671 

Xylohydroquinone, 227, 341, 541 
Xylohydroquinonebenzeins, 541 
Xyloquinol ethyl ether, 342 
Xyloquinone, 237, 238, 342. See also 
Dimethylhenzoquinone. 

Xyloquinone dioxime, 242 
Xylorcinol, 224 ,225 


Xylose, 47 

Xyloylbenzoic acid, 524 
,Xylylacetio acid, 294 
' Xylyl bromide, 294 
Xylyl cyanide, 296 
Xylyldiethylphosphine, 166 
Xylyldimethylphosphine, 166 
Xylylene alcohol, 372 
Xylyleneammonium bromide, 373 
Xylylene cyanide, 396, 606, 638 
Xylylenediacetoacetic ester, 44^, 690 
Xylylenediamine, 107, 372 
Xylylenediammonium bromide, 373 
Xylylene dibromide, 372 ff., 390,392,395, 
441,624,597.606,645 
Xylylenedibromodimalonic ester, 484 
Xylylene dichloride, 372, 376 
Xylylene dichloromalonate, 44^, 
Xylylenedimalonic acid (-ester), 395, 44^ 
Xylylenedimcthylmalonic acid, 395 
Xylylonoditriethylphosphonium bromide, 
373 

Xylylene imine, 372 
Xylylene oxide. 372 
Xylylene sulphhydrate, 372 
Xylylene sulphide, 372 
Xylylene sulphone, 372 
Xylylene tetrabromide, 374 
Xylylene tetrachloride, 374 
Xylylglyoxylic acid, 270, 4^3 
Xylylhydrazine, 148 
Xylylhydroxylamine, 69, 341, 342 
Xylyl tolyl ketone, 648 

y 

Yanganoic acid, 462 
Yangonin, 462 
Yangonol, 462 
Ylang-Ylang oil, 453 

Z 

Zeiscl methoxy group estimation, 192 
Zinc diphenyl, 171 
Zinc ditolyl, 171 
Zingerol. 353 
Zingerone, 338, 363, 461 
1 Zwitter ions, 179 





Class No. 5"' ^7 
BookNo. 

Author 

Title JIZIZIZIZIIZ 

_Acc. No. 2 



